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On heat conduction characteristics of vertically-aligned single-walled
carbon nanotube films
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Single-walled carbon nanotubes (SWNTs) are expected to possess high thermal conductivity.
Detailed heat conduction characteristics of SWNTs have been widely investigated numerically and
experimentally. Among the reported works, the bulk thermal conductivity (10'~10>° Wm™'K™) and the
individual thermal conductivity ( 10*~10° Wm'K™") have one order of difference. In this work, thermal
conductivity of the bulk carbon nanotube, VA-SWNTs has been measured. By utilizing the 3-omega
method we obtained the film thermal resistance 10° m*’KW™'. As the derived thermal conductivity can be
greatly affected by the thermal contact resistance at the nanotube-substrate contact and/or the
metal-nanotube contact, this work suggests the film thermal conductivity is possibly different depending

on the method of synthesis.

Key Words : single-walled carbon nanotubes, vertically-aligned, thermal conductivity,
thermal contact resistance, 3 omega method
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Fig. 1. (a) SEM photo of the cross section of the typical
VA-SWNT film; (b) schematics of the cross section of the
electrode deposited VA-SWNT film; (c) schematics of the 3w
measurement setup.
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Fig. 2. Representative temperature oscillation at power P/2bl =

43X 10° Wm™. Filled and open symbols denote measured

VASWNT film data and calculated substrate data, respectively.

Circles and squares denote real (in-phase) and imaginary

(out-of-phase) amplitude, respectively.

Fig. 3. SEM image of the top part of the Al 800 nm deposited on
VASWNT film.
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Fig. 4. SEM image of the bottom part of the VASWNT film on
quartz substrate.
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ACCVD {EIZ L W &SN 723> 7 iE VA-SWNT JEH (A
BVAERIIE <, Zhao B OFHU[SIC IZEEfRm O ENE F
RN L7135 Zhao B0 VA-SWNT JEDBRE R I KL &
WIHEBEBARETH DH. 2D I &S Zhao H[5]0 SWNT E
MEUY VA-SWNT il &, ACCVD JER[61IZHB W THEK S 417z
MO VA-SWNT L TiE, AAiS D SWNT 2RI 2
RHELEZLND. BBV I AR LIEZT VOB
fiiE DRSS L LR O FHARGET D FETH D,
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4)» SEM BHEOE LY, FZF /) Fo—7 —HRREM o
BEMBEUEI AR E VO TRV EZLEND. ZE6]
WZBWTTH ) Fa—7 &R OBEMEMEI AR NED
FERLIIRCT B A, ABFFETIE Al 2 800 nm AE L TV 5 D
WZ%F L[6)IZ W T & ALIERIIZ Pd @ 20 nm Z& 5 B3 1 &
FNTEBYZINANFERER>TWBIELEZLNS. 5%
LTSRS, RERE % VD 2 0 ISR 2 ) 3
5B X S ERSLA X 0 EEERICR D B 2 & TR
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4. SWNT DS T UEELRARY MILOBEKREFMEICK 2845
BRRUEMRBMEROBEFEIC OV TO®RE

SWNT O F < VHELARZ FZEWT G 23 R EMEE
5 1590 em™ Ao E— 7 BNIEEKREE ZRT LR
Chiashi HIZXVHE SN TWVWA[12]. ZoMHEEHWT
SWNT — AR DO EMGEFRE A& L7l & LT Hsu & O
(B3R BD. SiDT < U EELARZ FAD 520 em AHEDOE
— 7 OIRERFEN4 LAY, 7 Fa—T O L Elo
WAL DIREZEANET D 2L TH ) Fa—T7 —FERM O
BRI ZET A Z ENTREEEZ DA,
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RHFFED 30iBEIZBWNTIIZINETDE Z A VA-SWNT &
B L OESAE OBMRPLOAF 2 FHAI L TR Y, HlERE)
KEWEIET D & A VA-SWNT JRIX[5] &t~ VA-SWNT i
DOBRERNENE NI EBNTRETH D. 4% 3oikicT
SEOY I EHEAIL, T~ BMELANS PV DIRSE

IRTFHEID 3 2 2 AV, BERMIETTO 8 2 iR LT <
TETHS.
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