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Abstract
In this paper, a procedure, that allows a comparative analysis of A/D circuits implemented in 
CNTFET and MOS technologies, is proposed. As an example of analog circuit, the design of a basic 
current mirror is considered, while, as an example of digital circuits, a NAND gate is considered. 
All simulations are performed using the Verilog-A programming language.  
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1. Introduction

CNTFETs are Field Effect Transistors having a Carbon 
NanoTube as a channel [1-22].

In this paper, a comparative analysis of A/D circuits 
implemented in CNTFET and MOS technologies is 
proposed.

For the first technology, the CNTFET model, proposed 
in [2-3], is used while for the second one the BSIM4 model 
of the Advanced Design System (ADS) library, written in 
Verilog-A [23], is used.

As an example of analog circuit, the design of a basic 
current mirror is examined, while, as an example of digital 
circuits, the design of a NAND gate is considered.

2. CNTFET and MOSFET models used

An exhaustive description of the used CNTFET model 
is in [2-3]. Therefore, the reader is encouraged to consult 
these references, where the following expression of the 
total drain current is explained [24]:
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The C-V model used is fully described in [2-3] and 
therefore the reader is encouraged to consult these 
references:

Copyright © 2025 Author. Published by Iranian Nanotechnology Society.
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license(https://creativecommons.org/licenses/by-nc/4.0/). 
Noncommercial uses of the work are permitted, provided the original work is properly cited.

Dp Dp Dp CNT
GD

p pGS Dp CNT GS

Sp Sp Sp CNT
GS

p pGS Sp CNT GS

n nî VC =q =q
Vî V V
n nî VC =q =q
Vî V V

∂ ∂ ∂ ∂
 ∂ ∂ ∂ ∂
 ∂ ∂ ∂ ∂
 ∂ ∂ ∂ ∂

∑ ∑

∑ ∑    � (2)      

       
The equivalent circuit of an n-type CNTFET is shown 

in Figure 1.
For the MOSFET model, the BSIM4 model of the ADS 

library is used [25].  
 

3. Experimental Setup and Methodology 

3.1 Basic Current Mirror Design in CNTFET and MOSFET 
Technology

The basic current mirror consists of two active 
components as shown in Figure 2, where a current sink is 
based on n-type C-CNTFET. 

The reference current IREF of 10 μA is provided by an 
ideal current supply on the left branch of the circuit. This 
current sets the quiescent point of M1 in the saturation 
region and provides bias voltage at the gate of M2, which 
must faithfully follow the IREF as long as output voltage VDD 
≥ VT, the voltage required to switch M2 on. 

The drain voltage of M2 is swept in order to evaluate 
how well the output current replicates an ideal current 
supply. The output current value is given by [26-27]:

( ) ( )2' 1out G T DDI k V V Vλ= − +            �  (3)

The same was done using NMOS devices. 
The IOUT values are shown in Figure 3, where a 
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Figure 1. Equivalent circuit of an n-type CNTFET. 
  

Fig. 1. Equivalent circuit of an n-type CNTFET.

 
 
Figure 2.  Basic current mirror circuit with an n-type CNTFET. 
  

  
 

Figure 3.  Reference current versus VDD in an n-type basic current mirror. 
  

Fig. 2. Basic current mirror circuit with an n-type CNTFET.

Fig. 3. Reference current versus VDD in an n-type basic current mirror.
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Figure 4.  Relative error |IOUT-IREF| in current replication of an n-type basic current mirror. 

Fig. 4.  Relative error |IOUT-IREF| in current replication of an n-type basic current mirror.
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Figure 5. IOUT versus VDD in an n-type basic current mirror for different W/L values. 
  

Fig. 5. IOUT versus VDD in an n-type basic current mirror for different W/L values.

comparison with MOSFETs having different channel 
length L and constant aspect ratio, W/L = 2, is illustrated.

The simulation underlines that n-type CNTFET works 
better than MOSFETs of a larger size, as validated in 
Figure 4, where the error in current replication given by 
|IOUT-IREF| is shown.

In Figures 5 and 6 other simulation results are 
reported.

The Figures 5 and 6 indicate that the NMOS current 
mirrors provide better performances in terms of current 
replication error, for lower values of W/L. 

 
3.2 CNTFET and MOSFET NAND Gate Design

The circuit used to design and characterize a NAND 
gate for CNTFET technology is shown in Figure 7.

For this circuit, a single voltage supply, denoted as VDD, 

has been used. 
By sweeping Vgs from 0 to VDD, the simulated Voltage 

Transfer Characteristics (VTC), at different values of supply 
voltage, are reported in Figures 8 and 9. 

These Figures indicate that for voltage supply smaller 
than 0.1 V, the regenerative characteristic is worse than 
at 0.5 V. 

Figure 10 allows for the evaluation of the NAND 
propagation delay, equal to 1.1x10-12 s.

In CMOS technology, the best obtained results for VTC 
is shown in Figure 11, while Figure 12 shows the CMOS 
NAND propagation delay (1.8x10-10 s).

1 provides a comparison with the results obtained for 
a NOT gate, in order to demonstrate that the proposed 
procedure may be applied to characterize and design any 
logic gate [28-29].
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Figure 7.  CNTFET NAND gate. 
  

  
Figure 8.  VTC at VDD = 0.5 V.              
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Figure 6. Relative error |IOUT-IREF| versus VDD in an n-type basic current mirror for different 

W/L values. 
 
  

Fig. 6. Relative error |IOUT-IREF| versus VDD in an n-type basic current mirror for different W/L values.

Fig. 7. CNTFET NAND gate.

Fig. 8. VTC at VDD = 0.5 V.

 

      
 

Figure 9. VTC at VDD = 0.1 V. 
  

Fig. 9. VTC at VDD = 0.1 V.

 

Figure 10. NAND gate propagation delay.
Fig. 10. NAND gate propagation delay
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4. Conclusions and Future Developments

A procedure, that allows a comparative analysis of 
A/D circuits in CNTFET and MOS technologies, has been 
proposed.

To make further comparisons, the proposed technique 
will be repeated considering other CNTFET models [30-
31].

Moreover, the effects of noise [32-34] and the impact 
of CNTFET technology [35-36] will be analyzed more 
thoroughly.
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Figure 11. VTC at VDD = 3 V. 

  

 
 

Figure 12. CMOS NAND gate propagation dela

TABLE 1. Summary of simulation results. 
 

Technology CNTFET CMOS 

PDF (J) 3.32x10-18 5.80x10-13 

Frequency (Hz) 50x109 200x106 

τP (s) 1.52x10-12 2.50x10-10 

VDD (V) 0.5 3 

Table 1. Summary of simulation results.

https://doi.org/10.1149/1.3183748
https://doi.org/10.1149/1.3183748
https://doi.org/10.1109/TNANO.2010.2049499
https://doi.org/10.1109/TNANO.2010.2049499
https://doi.org/10.2174/157341311794653613
https://doi.org/10.2174/157341311794653613
https://doi.org/10.1080/00207217.2011.629223
https://doi.org/10.2174/157341312801784230
https://doi.org/10.2174/157341312801784230
https://doi.org/10.1016/j.mejo.2011.07.012
https://doi.org/10.1016/j.mejo.2011.07.012
https://doi.org/10.1149/2.0151602jss
https://doi.org/10.1149/2.0151602jss
https://doi.org/10.1149/2.0241606jss
https://doi.org/10.2174/1573413711666150320231414
https://doi.org/10.2174/1573413711666150320231414
https://doi.org/10.2174/1573413711666150624170310
https://doi.org/10.2174/1573413711666150624170310
https://doi.org/10.1149/2.0181904jss
https://doi.org/10.1149/2162-8777/ab69b2
https://doi.org/10.1149/2162-8777/ab69b2
https://doi.org/10.1149/2.0161610jss
https://doi.org/10.1149/2.0031803jss
https://doi.org/10.1149/2.0201902jss
https://doi.org/10.1149/2.0201902jss


Research Article Int. J. Nanosci. Nanotechnol.

174 | IJNN, 2025, 3, 169-174 Marani R and Perri AG

18.	 Marani R, Perri AG. Impact of Technology on CNTFET-
based Circuits Performance. ECS J Solid State Sci Technol. 
2020;9(5):051001. https://doi.org/10.1149/2162-8777/ab9185

19.	 Marani R, Perri AG. Performance Evaluation of CNTFET-
based Digital Circuits: A Review. ECS J Solid State Sci Technol. 
2020;9(5):051007. https://doi.org/10.1149/2162-8777/ab9b04

20.	 Luo J, Wei L, Lee CS, Guam X, Pop E, Antoniadis A, et al. Compact 
Model for Carbon Nanotube Field-Effect Transistors Including 
Nonidealities and Calibrated With Experimental Data Down to 
9-nm Gate Length. IEEE Trans Electron Devices. 2013;60(6):1834-
1843. https://doi.org/10.1109/TED.2013.2258023

21.	 Lee CS, Pop E, Franklin AD, Haensch W, Wong HSP. A Compact 
Virtual-Source Model for Carbon Nanotube FETs in the Sub-
10-nm Regime-Part I: Intrinsic Elements. IEEE Trans Electron 
Devices. 2015;62(9):3061-3069. https://doi.org/10.1109/
TED.2015.2457453

22.	 Lee CS, Pop E, Franklin AD, Haensch W, Wong HSP. A Compact 
Virtual-Source Model for Carbon Nanotube FETs in the Sub-
10-nm Regime-Part II: Extrinsic Elements, Performance 
Assessment, and Design Optimization. IEEE Trans Electron 
Devices. 2015;62(9):3070-3078. https://doi.org/10.1109/
TED.2015.2457424

23.	 Accellera International, Inc. Verilog-AMS Language Reference 
Manual. Version 2.2. 2014.

24.	 Datta S. Electronic Transport in Mesoscopic Systems. Cambridge 
Studies in Semiconductor Physics and Microelectronic 
Engineering 3. New York: Cambridge University Press; 1995. 
https://doi.org/10.1017/CBO9780511805776

25.	 BSIM Group. BSIM4 Model [Internet]. Berkeley: University of 
California; [cited 2026 Aug 14]. Available from: http://bsim.
berkeley.edu/models/bsim4/

26.	 Perri AG. Dispositivi Elettronici Avanzati. Bari, Italy: Progedit; 
2016.

27.	 Perri AG. Fondamenti di Elettronica. Bari, Italy: Progedit; 2012.

28.	 Marani R, Perri AG. Design of a Novel Full Adder Circuit 
based on CNTFET Technology. ECS J Solid State Sci Technol. 
2022;11(5):051004. https://doi.org/10.1149/2162-8777/
ac6d78

29.	 Marani R, Perri AG. Design and Characterization of Digital Gates 
based on CNTFET and CMOS Technology. ECS J Solid State Sci 
Technol. 2022;11(7):071004. https://doi.org/10.1149/2162-
8777/ac7dc3

30.	 Haq SU, et al. Overcoming Silicon MOSFET Limitations 
with Chirality-Engineered CNTFETs: A Ternary Half Adder 
Demonstration for Next-Generation Nanoelectronics. Silicon. 
2025;17(7):567-580.

31.	 Ul-Haq S, et al. Energy-Efficient Buffer-Based Ternary 
SRAM Cell With Application to Image Processing. IEEE 
Access. 2025;13:172359-172370. https://doi.org/10.1109/
ACCESS.2025.3616000

32.	 Marani R, Perri AG. Noise Effects in the Design of Digital 
Circuits based on CNTFET. ECS J Solid State Sci Technol. 
2022;11(11):111006. https://doi.org/10.1149/2162-8777/
aca2dc

33.	 Marani R, Perri AG. Noise Effects in the Design of Analog 
Circuits based on CNTFET. ECS J Solid State Sci Technol. 
2022;11(12):121010. https://doi.org/10.1149/2162-8777/
acad9f

34.	 Marani R, Perri AG. A Technique, Based on Thevenin Equivalent 
Method, to Study the Noise Performance of Analog Circuits 
Involving both CNTFET and MOS Devices. Int J Nanosci 
Nanotechnol. 2023;19(1):9-19.

35.	 Marani R, Perri AG. Critical Analysis of CNTFET-Based Electronic 
Circuits Design. ECS J Solid State Sci Technol. 2023;12(5):051005. 
https://doi.org/10.1149/2162-8777/acd65d

36.	 Marani R, Perri AG. A Review on Static and Dynamic 
Characterization of Digital Circuits in CNTFET and CMOS 
Technology. Int J Nanosci Nanotechnol. 2023;19(2):97-108.

https://doi.org/10.1149/2162-8777/ab9185
https://doi.org/10.1149/2162-8777/ab9b04
https://doi.org/10.1109/TED.2013.2258023
https://doi.org/10.1109/TED.2015.2457453
https://doi.org/10.1109/TED.2015.2457453
https://doi.org/10.1109/TED.2015.2457424
https://doi.org/10.1109/TED.2015.2457424
https://doi.org/10.1017/CBO9780511805776
https://doi.org/10.1149/2162-8777/ac6d78
https://doi.org/10.1149/2162-8777/ac6d78
https://doi.org/10.1149/2162-8777/ac7dc3
https://doi.org/10.1149/2162-8777/ac7dc3
https://doi.org/10.1109/ACCESS.2025.3616000
https://doi.org/10.1109/ACCESS.2025.3616000
https://doi.org/10.1149/2162-8777/aca2dc
https://doi.org/10.1149/2162-8777/aca2dc
https://doi.org/10.1149/2162-8777/acad9f
https://doi.org/10.1149/2162-8777/acad9f
https://doi.org/10.1149/2162-8777/acd65d

	CNTFET-Based Analog and Digital Circuits: Design, Simulation and Comparative Analysis 
	1. Introduction 
	2. CNTFET and MOSFET models used 
	3. Experimental Setup and Methodology  
	3.1 Basic Current Mirror Design in CNTFET and MOSFET Technology 
	3.2 CNTFET and MOSFET NAND Gate Design 

	4. Conclusions and Future Developments 
	Conflict of interest 
	References


