
3/12/03
ECE515  Dave Armbrust & Abhay

Ambadkar 1

Carbon Nanotubes,
The Future?

Dave Armbrust
Abhay Ambadkar



3/12/03
ECE515  Dave Armbrust & Abhay

Ambadkar 2

References
n 1. Allan Johnson, “ TP 12.4 Electronic of Single-Wall Carbon Nanotubes”, 1999

IEEE International Solid-State Circuits Conference, ISSCC99/Session 12/ Paper
TP 12.4, p. 210-213, 1999.

n 2. Ph Avouris, T. Hertel, R. Martel, T. Schmidt, H. R. Shea, R. E. Walkup,
“Carbon nanotubes: Nannomechanics, manipulation, and electronic devices” ,
`Apploied Surface Science 141 (1999) 201-209, 1999.

n 3. Philip G. Collins and Phaedon Avouris, “ Nanotubes For Electronics”, Scientific
American, Dec. 2000.

n 4. Yahachi, Saito, “ Preparation and Properties of Carbon Nanotubes”, 1999
International Symposium on Micromechatronics and Human Science, 0—7803-
5790-6/99, 1999

n 5. Paul l. McEuen, Michael S. Fuhrer, and Hongkun Park, “Single-Walled Carbon
Nanotube Electronics”, IEEE Transaction on Nanotechnology, Vol.1, March 2002

n 6. Nanoscale Science Department, “Web Page @
http://www.research.ibm.com/nanoscience/index/index.html, 1/13/2002



3/12/03
ECE515  Dave Armbrust & Abhay

Ambadkar 3

References
n 7. Paul L. McEuen,…, “Nanotube Nanoelectronics”, Device Research

Conference, 2001, 06/25/2001 -06/27/2001,  2001
Location: Notre Dame, IN ,   USA On page(s): 107-110, 2001

n 8. Malgorzata Chrzanowska-Jeske, Class Notes for ECE515, Lecture 5.3,
3/3/2003.

n 9. V. Derycke, R. Martel, J. Appenzellar, and Ph. Avouris, “Carbon Nanotube
Inter- and Intramolecular Logic Gates”, Nano Letters, Vol. 0, No. 0 A-D, August
16, 2001.



3/12/03
ECE515  Dave Armbrust & Abhay

Ambadkar 4

Introduction
n Basic Principles

n Brief History.
n Structure of the Carbon Nanotubes
n Comparison to Conventional Electronics.
n Challenges
n Summary
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Brief History of Carbon Nanotubes

n 1970s by Morinobu Endo
n Part of Phd. Project at University of Orleans in France
n 7nm diameter
n Not recognized as Nanotubes so not studied

n 1991 Sumio Iijima
n NEC Lab in Tsukuba
n Used high-resolution transmission electron

microscope to observe carbon nanotubes.
n Field took off
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Brief History of Carbon Nanotubes

n 1996 Richard Smalley synthesized bundles
n 1997 Metallic Properties discovered
n 1998 Semi-conducting Properties Discovered
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Structure of Carbon Nanotubes
n Single Walled Carbon Nanotubes (SWNT).

n 1 nm width

n Can be either metallic or semiconductor.
n Depends on how tube is rolled.
n Semi-metal(zero band gap semiconductor).

n 2-dimensional graphene.
n 1-dimensional analogs of the MOSFETs.
n Long Scattering Lengths
n Better than best metals or the best

semiconductors
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Structure of Carbon Nanotubes

[5]



3/12/03
ECE515  Dave Armbrust & Abhay

Ambadkar 9

Structure of Carbon Nanotubes

[6]
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Comparison to Conventional Electronics

n Surface States.
n No surface states.
n Surface states degrade devices.
n When a 3-dimensional crystal is interrupted by a

boundary.

n Conductance
n Ballistic SWNT with perfect contacts

n G = 4e2 / h = 155 uS (approx. 6.5 k ohm)
n Total Resistance = h/4e2 + Rc + Rt

n Where Rc extra contact resistance
n Rt =  (h/4e2)(L/1)   L is length of tube
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Comparison to Conventional Electronics

n Conductance is 6Kohm range switching speeds of 10
THz.

n Gate Voltage change of 10V a increase of 106 change
in conductance.

[7]
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Comparison to Conventional Electronics
[5] [8]
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Comparison to Conventional Electronics
[9]
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Comparison to Conventional Electronics

n Mobility
n Typically 1000- 10,000 cm2/Vs
n As high as 20,000 cm2/Vs
n Get mobility from:

n G = Cg (Vg – Vgo) µ / L
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Challenges
n Purity of the contacts.
n Absorption of Atoms.
n Controlling whether metal or semiconductor.
n Placement of Tubes.
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Summary
n Are Carbon Nanotubes the future of

Electronics?
n There are no fundamental barriers to this

technology.
n 1000 times faster and much smaller than Si

devices.


