Rules: Close book. NO Notes. All questions worth 20 points
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Problem 1:
Give (n,m) for a semiconductor nanotubes with a band gap

Answer: m ~ 23,54
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Problem 2:
* Give (n,m) and bandgap for one zigzag and one arm chair nanotubes ( 3 O) 5 W;d)uﬂ_, DeV
ey ! ga(;
Answer: zigzag (n,m), bandgap : Qor M=o > (/\:o> , (> 510) 2emk lev
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Answer: armchair (n,m), bandgap : Df N = C n ,,Q
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Problem 3:
 Label (7,4) carbon nanotube. For this tube, calculate the chiral angle and band
gap (be careful)

Answer: chiral angel : £~ =04°
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Problem 4:

How does the frequency of the fastest ring oscillator fabricated with carbon nanotube
transistors compare to Si ring oscillators fabricated in 90’s and today? (i.e. higher
(f ter) or lower (slo er) and explam why).
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Llst 3 techmques for carbon nanotube growth. State which technique is best suited for

integration with microelectronics and which technique was used in the discovery of
carbon nanotubes by NEC in the early 90’s.
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‘What is the ambipolar effect in carbon nanotube transistors?
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Problem 5: Briefly describe how these images were taken
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