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Brief History of Carbon Nanotubes

= 1970s by Morinobu Endo
= Part of Phd. Project at University of Orleans in France

= 7nm diameter
= Not recognized as Nanotubes so not studied

= 1991 Sumio Ilijima
= NEC Lab in Tsukuba

= Used high-resolution transmission electron
microscope to observe carbon nanotubes.

= Field took off
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i Brief History of Carbon Nanotubes

= 1996 Richard Smalley synthesized bundles
= 1997 Metallic Properties discovered
= 1998 Semi-conducting Properties Discovered
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i Structure of Carbon Nanotubes

3/12/03

Single Walled Carbon Nanotubes (SWNT).
= 1 nm width

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

2-dimensional graphene.
1-dimensional analogs of the MOSFETSs.
Long Scattering Lengths

Better than best metals or the best
semiconductors
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Structure of Carbon Nanotubes
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Fig. 1. (a) Lattice stmctore of graphene, a honeycomb lattice of carbon atoms. (b) Enetgy of the conducting states as a fonction of the eleciton wavevectior &
Ther= are no condncting stales excepl along special ditections where cones of states exist. (o), (d) Smphens sheets molled imo 1nbes. This quamizes the allowed
ks aronnd the citcnmfer=niial ditection, resmHing in 1-Di slices thtongh the 2-D band strocinre in (b). Depending an the way the obe i mlledop, the esalican be

withet (ci a medal orid) a semicondncior
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Structure of Carbon Na notubes
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Comparison to Conventional Electronics

= Surface States.
= No surface states.
= Surface states degrade devices.
= When a 3-dimensional crystal is interrupted by a
boundary.
= Conductance
= Ballistic SWNT with perfect contacts
= G =4e2/ h =155 usS (approx. 6.5 k ohm)
= Total Resistance = h/4e? + R_ + R,
Where R, extra contact resistance
R, = (h/4e2)(L/1) L is length of tube
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Comparison to Conventional Electronics

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

= Gate Voltage change of 10V a increase of 10° change
in conductance.
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‘AL Comparison to Conventional Electronics
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SWHT fiekd effect trnsistor. The device geomedry & shown schematically in
the inz=d.
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Comparison to Conventional Electronics
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Fgure 1. Electrical chamcteristics of n-ype nanclube FETs made
by (a0 annealing the device in avacuum o TOO K for 10 min and
i bj doping with potassium. The curves are obisined a1 different
value of Ve stading ai (2 300 mV, sep size 200 mV and (b)
200 mV, slep size 200 mV.
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i Comparison to Conventional Electronics

= Mobility
= Typically 1000- 10,000 cm2/Vs
= As high as 20,000 cm2/Vs

= Get mobility from:
« G=Cg(Vg—Vgo)p /L
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i Challenges

= Purity of the contacts.

= Absorption of Atoms.

= Controlling whether metal or semiconductor.
= Placement of Tubes.
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i Summary

= Are Carbon Nanotubes the future of
Electronics?

= There are no fundamental barriers to this
technology.

= 1000 times faster and much smaller than Si
devices.
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