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Performance Comparison of CNTFET Chiralities and the
Effect of Parallel Nanotube Count on Transistor

Characteristics

Abstract

This study presents a comprehensive performance comparison of carbon
nanotube field—effect transistors (CNTFET) with three chiralities: Armchair,
Zigzag, and Chiral, along with an investigation of the effect of the number of
parallel nanotubes (N) on their performance. Simulations were conducted
using CNTbands 2.0 and FETToy tools on the nanoHUB platform, where the
physical and electrical properties of thirteen chiral patterns covering a

diameter range from (0.556 nm to 1.588 nm were calculated.

The results demonstrated that Zigzag and Chiral nanotubes follow the inverse

relationship between bandgap and diameter (Eg = 0.852/d), while Armchair
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nanotubes exhibit metallic behavior with nearly zero bandgap. Direct
comparison between Zigzag (13,0) and Chiral (10,5) patterns confirmed that
performance depends primarily on diameter rather than chirality, with the ON-

current (lon) difference being only about 1% despite different chiralities.

Regarding the effect of parallel nanotubes, the results verified the linear
relationship between total current and tube count (Ip ¢5¢q; = Ip;.N) for both
Zigzag and Chiral patterns, with slopes ranging from 4.42 yA/N to 5.56 uA/N.
The diameter range of 1.0-1.2 nm was identified as the optimal design region
for balanced digital circuits, where the (13,0) nanotube achieves an ideal
trade—off between adequate ON—current (5.56 pA) and acceptable leakage
(8.9x107" A).

Applications were classified into four main categories based on performance
and power requirements, with specific design recommendations: ultra—low
power (7,0) and (6,4) with N=1-2, low power (10,0) and (8,3) with N=2-3,
balanced (13,0) and (10,5) with N=3-5, and high-performance (20,0) and
(12,7) with N=7-10. These recommendations provide a comprehensive
quantitative framework for optimizing the performance—power trade-off in

CNTFET through integrated control of chirality and parallel nanotube count.

Keywords: Carbon nanotubes, field—effect transistors, chirality, parallel

nanotubes.
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