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CNT Properties



CNT Properties (cont.)



CNT: Implications for electronics

• Carrier transport is 1-D.
• All chemical bonds are 

satisfied ⇒ CNT Electronics not bound  to use SiO2 as an 
insulator.

• High mechanical and thermal stability and resistance to 
electromigration ⇒ Current densities upto 109 A/cm2 can be 
sustained.

• Diameter controlled by chemistry, not fabrication.
• Both active devices and interconnects can be made from 

semiconducting and metallic nanotubes.





Chiral vector
Ch = na1+ma2

a0 √3/π
1.42 Å



Types of carbon nanotubes
Armchair (n,m) = (5,5)
θ = 30°

Zig Zag (n,m) = (9,0)
θ = 0°

Chiral (n,m) = (10,5)
0° <θ < 30°













semiconducting metallic

Dashed line: graphene
Note: linear density of states at around zero in graphene – 
different from either metallic or semiconducting nanotubes !!



Semiconducting Metallic

(16,0); (13,6); (21,20) (10,10); (14,5); (22,19)



Use STM to probe DOS: shifts and 
broadening due to hybridization of CNT 
wave functions with Au substrate 







Field emission: CNTs are much better than 
metals

Fowler-Nordheim

CNT-based compact low-
power X-ray sources



Issues



LY Jiao et al. Nature 458, 877-880 (2009) doi:10.1038/nature07919

Room-temperature electrical properties of GNR devices.

The all-semiconducting nature of sub-10-nm GNRs could bypass the 
problem of the extreme chirality dependence of the metal or semiconductor 
nature of carbon nanotubes (CNTs) in future electronics

16 nm width –
like graphene

7 nm width –
p-type semiconductor
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