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J-C. Charlier, Rev. Mod. Phys. 79, 677-732 (2007)
P. Avouris and J. Chen, Materials Today 9, 46-54 (2006)
Physics of Semiconductor Devices, 3™ ed., S.M. Sze and K.K. Ng (2006)

CARBON NANOTUBES ELECTRONICS - VIKTORIA YURGENS




Background

Electronic structure D

- Chirality vector C = na; + mas oo -

-------

- Circumferential component of wave vector
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n = m : metallic
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n —m = 3i : semiconductor
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Energy (eV)
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- Diameter-dependent bandgap

Eg o< 1 jdﬂ'NT P. Avouris and J. Chen, Materials Today 9, 46-54 (2006)
S.G. Louie, Topics in Applied Physics 80, 113-145 (2001)
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Background

Transport properties

- No boundary scattering
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- Mean free paths ~ um

- Mobilities ~ 100 000 cm?2/Vs

P. Avouris and J. Chen, Materials Today 9, 46-54 (2006)
J-C. Charlier, Rev. Mod. Phys. 79, 677-732 (2007)
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Carbon nanotube FETs

Composition

source insulator drain

o mm—— Gate voltage controls

p-type substrate shape and conductivity
of channel

Field-effect transistor

https://en.wikipedia.org/wiki/Organic_field-effect_transistor
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Carbon nanotube FETs

Composition
A B C

“d Pt \s 7 | A

___________so,___________ SRR

CNT on top of electrodes
- high contact resistances...

Dielectric

Gate

Electrodes on top of CNTs
lon/loge P to 10°

P. Avouris and J. Chen, Materials Today 9, 46-54 (2006)
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Carbon nanotube FETs

Characteristics

want as small as possible

want as high as possible

Schottky barrier Subthreshold slope (SS) ON/OFF ratio (Ion/lof)
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. 10° . lore

i Ey 10°
metal semiconductor 10°, High ON current and low

i OFF current (leakage
Smaller for larger CNT 5s — 1 current) important
diameter dlogols/dV,s

P. Avouris and J. Chen, Materials Today 9, 46-54 (2006)
Physics of Semiconductor Devices, 3™ ed., S.M. Sze and K.K. Ng (2006)

CARBON NANOTUBES ELECTRONICS - VIKTORIA YURGENS

7



Carbon nanotube FETs

Sub-10 nm transistor

Schematic Top
Dielectric
Gate
Cross Cross
section section

A.D. Franklin et al., Nano Letters 12, 758-762 (2012)
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Carbon nanotube FETs

Sub-10 nm transistor
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— Better SS than expected + current saturation

A.D. Franklin et al., Nano Letters 12, 758-762 (2012)
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Other applications

Optoelectronic devices and stretchable electronics
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Y.S. Rim et al., Adv. Mat. 28, 4415-4440 (2016)
P. Avouris and J. Chen, Materials Today 9, 46-54 (2006)
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Summary

Carbon nanotube electronics

C = niaq +mﬂ2

i dm=1.3nm- I—.Eh: 9 nm
Eg & 1/denr

lon/lorr ~10%
1 S5=94 mV/dec
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in response to i
strain

V,-dependent place
of recombination

Relztive change in resistance (%)
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Thank you.
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Vacuum Gap
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Schottky barrier formation
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