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Carbon Nanotubes (CNTs)

Lee et al, ECTC’05 Kyoung‐Sik Moon et al, 
ECTC’08ECTC 08
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Yadav et al
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CNTs (Kunduru et al *)
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CNT Fabrication (Yadav et al)
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Nantero CNT S-RAM (Kunduru et al *)
Rueckes et al (2000)
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CNT Properties (Wikipedia)

Young’s 
Modulus 

(Tpa)

Tensile 
Strength 

(Gpa)

Elongation 
at break 

(%)

SWNT ~1 (1-5) 13-53E 16

CNT classifications:

Single wall  SWNT
Multi‐wall MWNT

Armchair
ZigzagSWNT

Armchair 0.94T 126.2T 23.1

Zigzag 0.94T 94.5T 15.6-17.5

Chiral 0.92T

MWNT 0.8-0.9E 150

Stainless 
steel

~0.2 ~0.65-1.0 15-50

Chiral

Metallic
Semiconducting

SWNTs:  typ. ⅔ metallic, ⅓ semicond
Grow at ~ 900°C

MWNTs: Metallic
Grow at ~ 700°C (→365°C)

Kevlar ~0.15 (0.25T) ~3.5 (29.6T) ~2

1 10 100 1000 10000

Bulk Thermal Conductivity (W/mK)

Polymers

Solders

Metals

Diamond

Nanotubes

CTE ~ 0
Electrical (Metallic CNT):

Imax CNT > 1000 x Imax Ag/Cu
µCNT ~ 70 x µSi
CNT “ropes” 10‐4 Ω.cm

T Theoretical   E Experimental
(Mallik)
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Mechanical Effects (Yamamoto, Nanotechweb.org)

Acid etch:
Aids dispersion
Increased interfacial friction
Better than smooth CNTs

0.9 vol % acid‐etched CNTs:
+27% bending strength
+25% fracture toughness4/21/2009 14
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EMC Shielding
MWCNTs (Cheng et al)
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Shielding Improvement (Ionic Liquid) at low CNT content 

(Jin‐Chen Chiu, ECTC’08)
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CNT Interconnect 
(Naaemi, Huang, & Meindl, ECTC 2007)
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CNT Interconnect 
(Banerjee, Li, Srivastava NANO 2008) 
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CNTs in TSVs
X  t l  A l Ph  L tt (2007)←Xu et al, Appl Phys Lett (2007)

15nm MWNTs in 35nm vias
Graham et al, Diamond & Related materials (2004)
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3D CNT TSVs 
(proposal)
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3D CNT TSVs (proposal continued)
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SWCNT Effects on 63Sn-37Pb & Sn-3.8Ag-0.7Cu Solders
(Kumar et al)
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SWCNT Effects on 63Sn-37Pb 
& Sn-3.8Ag-0.7Cu Solders
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Ultimate tensile strength, etc  [Kumar/Kripesh/Tay ECTC’06]
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Electromigration
(Yang Chai et al ECTC’08)

CNTs inhibit void growth4/21/2009 24
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Open-ended 
CNTs for 
electrical 
interconnect
[Zhu, Hess, Wong 
ECTC’06]

254/21/2009


