FoF CRTEE

1 7K SHHE

FAABEE2 L E R GERE AR P B LR LR P 2
FEFREFIERDER S VZMNUIFIEARIEILFIZRFFI RS
BATE BAM T A AG DL o B FF PO MR R L ot
AR ER KB AT E AT ER A BREME Sl TR
Y R R - @bt 98 1~100nm 2 F > ® B 5 s ehie 2 e
CERTRATH TR A BT g B R A PR A
TR PFAgHR g B R AR LT M amE P E o &
LRI np R AT & vz — A 22 N B
HoE 2 H oAt sneh @ Wiee ™ -4 B B2 N BiEH Y
BORFRERY HR S DRAB IR R F LA/ RS L

B2z L8

2.2 R 4145 AR HH R
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2 45 3w ol B e g g S B ALY R
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[ AR I F RN L RESFHET R L
Bp bt 2 ¥ - BAp R %fr,f;r T 5 #1960 £ Shoulders)]* L

A Bk R TR A SR R e g DR g g
A 1968 & > SpindtE A #-pt FEA F A H-F KA oT Foaks L o BWH d
4 (Mo) &/ % 3 B+ o33 sil 7| (Field Emitter Arrays » FEA) » £
2_ % Spindt?] 3% %+ (Spindt-type Emitters) """ o Spindt | 35 4+
R S ETRIEE = T U= P IS ¥ Rl RLP T O s
B L RBFEHTIANRE 0 AE B E Y A S
R Sy o e AU R 0 B Beht < 0 TG v D
BHALF - BEIEAE e 2 -ABFT > FlaLp 7 - Bép & B
4o 2-1 “i o BB RN AR B I AT G enpcl
Wi & B hE BTG > Fla frE » U0 Ko B A &hs
oo gt o SpindtA] H-g &3 chac s B R FlA AL TR A T
Mgt Bl ¥ L A H R R ARG RS 4 REAS &
(Focus-Ion-Beam) # 8% ] 42 # ik % §2 4% %| (dry etching)$ #7)5E 16 @ &

1970 & R REFHFT T 53

222 ¥ X4/

145 2 sz pulhome 3%, 1972 & Thomas g 4 3% 1 1Si s &4
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] % B S0t 5 0 5F 15 Smith % & SM3970887) g s yuer £ o 2 PR A
i (gate electrode) + - 1980 & > Grayf|* 7 ¥ ® %ﬁ%‘%d:}ijﬁﬁi% 41 Sig
-5 _é,:]’“ﬁ_}l] EORENEIE R ;}}FJT ¢ AP H 4,@,}‘, Gray 82-p.24] o JLiA >
5 Qicd g4 2 g g [Yoan-98-382; Her98-1673; Seoger-99-1627; Chen-00-527; Resnik-03-391] g
B(de B3 a1 ?‘q-[Matsumoto-Ol-539; Bai-03-185; She-032671] | gy yy # (thermal
instability) V59125 sy g 4 [Ache022623] gy gy WA S TR
[Xu-98-3668] 4 7 (Givargizon-95-24; Tamniair-00-1207) ¢ st g i 4 = (amorphous
diamond)S 04T 2 gq & sp 3 e [Chatomdhyay 05553 2 £ g (carbon
nitride » CsN,)M 02350 S 2 42 Al & & £ § 1t Six 4i(silicon nitride
cones)l 0025y papk gk 3283402003 & > Lo% 4 [Lo-03-1420]
TR R 8§ AR (BOREVDY: 50 o~ § F (H)~ £ 4
(Ar) ~ 7 %5 (CHy) ~ # % (SiHy) » ME (~200°C) % £ 318 @ & -4 &4 13 &5 a2
v B 2 SF 4+ L 5] (SiC-capped nanotips) > 4 B 2-2 #75 o i 14

self-maskedsz 4 %] F 2L 7 SiC-capped nanotipsz. = & 541 o & % &_

a@\«

% F - -F ¥ 4] (Vapor-Liquid-Solid » VLS)IFreiren90938] | o g on i 2y

. . . . Yuan-98-382; Li-04-2 L) onr e s
%] ;% (chemical solution etching) ™" ?%38% L0231 (= g v f6r ;2 (laser

2

Her-98-1673; Evtukh-02-401 . [S -99-1627;
pluses)[Hero8-1073 Eviukd-02-401] | g T 42 H(plasma etching)>*"
Kichambare-00-2722; Hsu-03-471] e ,_]_?E\l % A Sk A/ 5 Fav ‘57 d 2% i ’?ﬁ‘ S

- R RRB SR TS AR



Fi*sea s e B EF LY A H PR/ a N4 Sifn s 2
BESOPR Y A N A/A N LR VB R R PR 0 md AT SiX

NN 5 2 I BN

AR PRI - S LA B SR

EL AR M SE AFAE T B FREE > R RIEH Q2R

poos = e

5

WL E Ao SHT A AR E K kR &R A BT s o A

v
2000 & B4 3% 577 K Qs B 7 doie ) f§ B oAz e i &

B £ IR G fe] s FEE RN BRSE LT
FLo 3 H > ¥ - AT AR/ R A R A R A > TR

e i O FE bt R R B o

223 B3 k4 4/ 4

"_"!J;t'(,

WREEF A VARG EE F R WA IIEE DT R o

Val

BT A ENARAR S B E PO N KA/ e T R

Prag A KE A 2 A 2000 E 3 2005 # 0 3 AT BEEE G R 2 F A
Fraz Bk BRSO S EP R s R TR

- FEIBARH o

(a)s# 7 s « 48/4+« (Carbon Nanocone/Carbon Nanotip » CNC/CNTP)

Merkul OV-%& 2 [Merkulov-00-3555; Merkulov-01-1178; Merkulov-01-2970; Merkulov-01-381;

Merkulov-02-10570; Merkulov-02-476; Merkulov-02-492; Baylor-02-4602] % 2000 % 2002-F F¥ » ;? 4,
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T kA N)E TS Y E R T ﬁf\rj:p“gé B AT kA
(dc-PECVD) ¥ i » & % (CoHy) 2 & § (NH3) » = & 2 mz A d 2
(Vertical Aligned Carbon Nanofiber » VACNF) & £ & 45 7 5f « 48
(Vertical Aligned Carbon Nanocone » VACNC) =38R 3K » 4o B 1-39777 o
Merkulov @ F 11 * 2% 7 o hl 48 S8 > 40 1 ¢ A g F 0l b~ n
FEE T 5‘}%14 F o~ F a3+ 4 %] (Reactive Ion Etching » RIE) (& &S
N

% T BEVACNE/ VACNCz & K i &~ o487 &

-~

\4

oA LR~ B ST % T E o MerkulovBIFf48 ) > ¢ R g F

g B b 5 R I BVACNEVACNC A, ffr (v & 2 & i d & 7]

e

c R R P T g B EG B H e FRET G G
&

L3 %K (e, MIFICE N £ BMBILEY > iEa 70

e

It

iy
K
=

#(tip growth mechanism)) > o fF . B30 544 RIERE 747 112 = & (e,

BT VACNE/VACNC B i 2 £) 0 S5 AL F] 538 £ oo W Mg =+

TRETRE F AN H BRI (de g )T S AR @ 5T
RoFm » A pAtd ]%L‘}v.a.yﬂ‘ﬂsra.r},p} ’?“aﬁfﬂ mégg_.;zht:g?

B e TR A P RA R B e &4 PE RIS &
# VACNF/VACNC < 3 5 » Flp 3¢ & 8 7 & 8 & B Hendfi -
418 7| 4 2] HIVACNF/VACNC # #-7) % VACNF/VACNCTE =4 I p¥

w sk 4 2 %45 > Merkulov I Fj f£2. % cylinder-on-cone shapes ° @
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*>Merkulov B Ff 5§ 2k & % % 7> VACNF/VACNC2 AR L 27 & B %
RETAE R Ao d e o R B LT b R R a0 F o
24 75 2> VACNF/VACNCE 3 2. & B L3k~ ] #rh 3 Tt 4
A BRI AR TR G A H TG
VACNF/VACNC2. #}5 § 2 B B3 M ia 0 Hd A i@ o 7 7
BRET o £ B EETIR AL (2 A 3 K AR A T
VACNF/VACNCT & £ thfh 4 £ B o A% % chff GUIE 37 2 £ DR L
eVACNF/VACNC » Merkulov @ F5 28 > i¢ = VACNF/VACNC=-& = »
Bk 2 R R 4R AT D b E TR PR S R R AT R o 3 A
VACNF/VACNCT 5 2 [ §Af i P12 #5 et 31§ ¢ chips S o 0

% @ R 0 BT o P BRERL -1 1 VACNE/VACNC™E 25 38 &

3
9
b
(

EBE G mo] 0 Tt TR R %] e R & Fla i KR
55 7] chgpF & %) >l @ 1 VACNF/VACNCTE & % 7% pF » VACNF/VACNC
£-F > mend E g KA s ) EEVACNF/ VACNCZ % = & 7 &
BFAHH 4 e b oh s MerkulovE Ff# # 75 0 % E 2 VACNF/VACNC
A R Ed B A R oo de, ¥ ARG F A
VACNF/VACNC & % pF » | 7 & £ 4} ciVACNF/VACNC#-7 £ £ 4 % %
#ited >+ Merkulov® Fj 7% * VACNF/VACNC } #RBLZ 3]0 FE o 1 4icdf

ph B 2 K R PE A e 3R i (channel) Flpt { iE - P T
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H oot 8] i 41 cAVACNF/VACNCerrs 05 d " £ 7 8 o e 34 St 7 eh
3 Merkulov @ I #% ) 538 RIEA&JZ 2. VACNF/VACNC#-E § 3 4c 2
B b i ek 2k o Merkulov @ Ff e47 5 5 P 18 VACNF/ VACNC &
B E £ R ik T

2004 & » Chen% 4 04537l giugoh 40 i R 445+ f de-PECVD

el sl re g FAr AR MO 2 K WA R BRI FEY -

~
-

FLBANA  bE-RRARLT 0 B3 ARG LB B A
Fomon et Wl N 2k FALE S TR B 4 A B Rl

B o g At R

1T
N
'

/S Ry S - R EaY

gt £ 3 e % B & 8T P #TEk o B0t 0 ChenBIF ) - ik

WE DR R F X AR R T RS K 2 % 4 (dual-structure) 7
¥ 3 SRR P AL LR REE > doR] 2-3 47

2005% » Tan% & [Tan-05-902];}|J)* Fodl A R che g g ‘fr Gl G 3

dc-PECVD® = £ 11 8 M cph 2 5f 47 o 5 7 Fa pl 2 5F w4ap

2 et Tan®FFJ1* 4 -3 F Sh(He-Ne laser) ¥ 2 5 = 48757 7

60 B R AAFIME L AR 2L B RO RS B

\

S5 e d o Ao @] 24977 o d S TanBIRBLE P32 400 B4 2
T3 AL F R R S TR A LR

WD §1 2 d 3t & 2w 5j 4 (precursors) & FHETE P IR ehE Rk SR
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Pk o

Tsaiisf‘ 2 [Tsai-02-721; Tsai-02-182]'/‘£, Wangéﬁ 2 [Wang-05-907]/47\ 32002 - ,,lz"_’
2005 # EEJIF ¥ - s h s foh VB F 4Tk 5L (MPCVD)
7o B RS R /R4 o] 14~ B 2-5 #75F o Tsai@ I}
1B R(CHy) 2 = 5 M (COy)m F g 8 > 09 E(POE W EF M=
P TR T S Y SRR R
SR N E XL R TR EFT O FIRTE-H R D
R 2 b oo @ Wang B Ff P A4S R ARGE 2 (Ao 0 P R - & F/7 =
BB Ak S R 2 AN g s ehB R T AR
FoRNAI AN IERPARE B BRT o RS DI

Fo T vt bl TR LER R

(b)%g 4kt 2 5t -2 (Diamond-Like Carbon nanotips » DLC nanotip)#

Loy B AL 7 5t 44 (amorphous Carbon nanotip > a-C nanotip) -

AEHER (DLC) A2 gy R - f8 o S ST MRt e 45 4 Yo 4P T 2

FEZE S P R FH RO R HE e W
WAT o BT T B FEE 4 50%1 b dhsp gt B o)

50%hsp 45 © 20014 » {1 % MPCVD & #teiLin% « 10120 g yeh %

x [Yeh-01-36091, 5wy & 74 co#] % ' DLC nanotips » 4= B§2-6 ~ 2-7#7 5% - Lin

17



s hmstaf BRZBEBET » 7 j}%;ﬁﬁ > it *# (plasma sheath
potential drop)¥t>*DLC nanotips = & 2. J2 BT A5 o H3b= /S 3
s @ JJ{‘ ¢ Z Rk (4o C'~CH ~CH, ~CH;" ~ C,H, ...)F] % F|plasma
sheath potential dropird H-4cig £% » B RFAH L 5 2 sp B A
(clusters)m & H 2% sp’ clusters » ¥% A ewsp’ clustersP] & @ A5 = diamond

clusters » @ i’:;”rf;“‘ E R R B R S I ahspi At i % 2 spide

d
®
o

Beogtth g EE R TR RS LG e

14 %]sp” clusterse 24 % At enst it 5 L 2 & 5 A FE S
X ey sp2 clusters¥? 2t & %‘r Feerik & o 2 §_> DLC nanotipsi{ _%
DA R B U 2 R BT AR .

Ra oo A aSi(LIT) R+ A5 1 DLC nanotips<Yeh & i}
%‘?v‘)ﬁ?%:}ft:". T 4o frit 2§ — #EDLC nanotipses & 54 ¢ T ’]\“ =23
B+ € A AeSiA F RS+ - {308 ot it Sik (silicon carbide » SiC) >
g3 AP Y 3 &S Sidp AT Ko F Ol 0 sopl 1V Sik € F Breha £

SFZ AR FIERAAINEREL T 2Bk B H L5 3,7 3F

5 % &(spikes) > & X B AS RHHRET E 7 T 0F 0 Flspikes

3

T s AT R L S e 2 e R kS o i
HE P AEGIL AR N BFL - g {58

P2 B NT M it DLCH A B e A S
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£ o@ F & A2 5] 9DLC nanotips i 4ot A5 & o

Lin® 5 22 Yeh B Fj 82 4 %[4% 11 7 2 F «9DLC nanotipsz. = £ %

#] > 2@ ¥t = £ DLC nanotipsz. % 3 > = Eﬁ]}“;i%‘l“ﬁ'iifti'] - R A
SRE % TR FF e o & % 27 * plasma sheath potential drop#Tig

=R HAl 0 B H ¢t 4 f B /R > ADLC nanotipsenst £ EARY 0 T

T LAY RRsp csp 2 HE RS B los 5 o
ta-C ~ ta-C:H ~ a-C:H ~ a-C.. 5 R0 022460,y gl 2. 8wpom o 28 H A
it B frdr BT € 1395 ok e 3N L R 4R (sputter) ~ I F AR TR
i2(CVD)... %) ~ i » o REFEH 200 B|(C,H, ~ Hy, ~ N, ~ Ar... %) ~ i
R IR Sl(dr R RASET ) koA 2 E D R
Hrehzt § B © 2003 » I $:§] % MPCVD;j# hiHuang % « [wene03-0770,
WHECYHAM T MR R K B AP L FF A ga-C
nanotips(f]1-5) » ¥ 3+ = }I% P 3R H sr & 2 ) ema-C nanotipsz. 33 542
bR B E1.6 Vium > ¥ R R RN E MK SR 4REFDOTHF TV B
32.5mA/cm® > a-C nanotips £ R S L RSN )
P ST 3 R b 0 20048 > Weil Ve P PIg g £ (N iR
#a-C nanotipsz. %l # £ 545 S Foc B BT A7 7 B4 0 &Y

BEd S § 5 onE ¥ {7 fa-C nanotips® ¥ S22 H-F ST 5 B P K
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N

we
B

e fo P € pifa-C nanotips2. i@ @ 7 H S Sdoc s % £

b i B k] P - B F a-C nanotipsz. = K i F B R AR o BE1S 0 2005
# > Chuang % + [Chwne03] g ETF P A3 MPCVD i 3t ¥ 3 J3t 4 2 a-C
nanotips el 42 i # L - W H T 2 ¥ 4§ of £ (CHYH,=1/100
(sccm/scecm)) 2 B f R AR (>-240 V)Z kB o ¢ > Chuang® [~ %fa-C
nanotipsz. = £ 4|t BEK &P ”"}Fl 'a-C nanotipse?j = % d 3t &
Bifsies FI£ TIR R0 ol d Balockn 3 B 4t ek

Tk fem & o

(c)E #& # & = 44 (Tubular Graphite Cone » TGC) :

FRT B LSS Ed Zhang s 4 e 000032 & MPCVD
¢ @A R BT 0 i N PUimER g gl 4B FT 4K 47 (iron needle) # & T
XL DT - BT G A A S 0 oW 2-9 o Zhang B 15 £+ 4 4

/

MESNDEREENMZ B EHREHEIT AITEFY o dpaE
AT E XML G AP R R 2 5% 3 (zigzag type) T & T K BT

& o @ f 4] * MPCVD % sieiMani $ 4 MO0 g 1

Hﬂ‘r
"X“Y
pbig
g
¥

FRsF Mo 0 g8 (Ptwire)y A+ > WA N RE RRE S XM N2
¥ 2B R F # 0% ¥ (carbon nanopipettes) > 4B 2-10%77F © iT# > Sun

% X [Sun049811] B ¥ # Fi\"f * A e E s de o ﬁg&%%@ﬁﬁﬁ}ﬁﬁlﬁi
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(catalytically thermal reduction process) » 14 % & ¢ % ¢ = ff

)Y

(poly(ethylene glycol)) 2 ¢ “f ¢ = f% (ethylene glycol) § F&k iR - 4%
(magnesium){fr4#i (ferrocene) = 3B i & &2 fR 45Kk 7m0 #  E 0 k

TR A oW 2-11977 o

(d)48258% 2 5f % 2 (Cone-shaped Carbon Nanofiber » CCNFs) :

ij‘ :& 7\ , Hayashi ff- 2 [Hayashi-04-2886; Hayashi-04-1189] z ZhOl’lg —l—j;_: 2
[Zhong-04-315] , ., F ?T: greiz g )‘@,/ B 2>MPCVD 4 %P » &2 4§ —
AT 2 A B0 4oB) 1-6~ B 17477 2 47568 3 5 4 % o Hayashi
BRI * RS E S E 322043 = £ CCNFs » & 4448 & & ¢}

te T HEET B BCONEs 2 R R A2t o A7 7 B %

4

70 3%CCNFs? d f # A e~034nm2 7 & R ores»a X424

BT F WARDE R DL F A B B% ] > de, B3R H2

14

& Tk

(pentagons)# P ¢ "EFE A T =2 A R e iz 2 /,% - [Sattler93-9131

4

AR BN 2 T A TRECP AR S PF O T R L & R R D

S/ A R 8 (] 2-12) 0 0t AHHE A B

éuhn

GRS Y & R A B IR F 2 R Sl Bt R

¥ > % > Hayashi®] [} 4% 1) > 7 ’jfit’ a3 AR R HITE TRFE”
AR AL AR NE R AT vde, d 3 E I YRR F LML
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o 2 B+ A5 = B & B % (hydrocarbon clusters) > m CCNFsif &_f pt =

BB FR{FZIRE T 73,5 o Hayashi® FR 43 B3k 7 - 03] %
Fp AMPCVD i st¢ & £ CCNFs2 4] > 4] 2-13%771 o 7 L 45§
B3R T % I (sintering) 22 7 + # 7 #% 3| 4 (electrostatic force)#7 A

4 5353 kR 4 (tensile stress) i # @ A5 48752 Fpsk - F T Lﬁ%“‘ 7
kS B i iFpEs i RS ,%ggi AT 2 ¥rehig
PR IR B AR S OISR IR ris o R T
1) % £ CCNFs o Hayashi® [ e PF» 3% 417 > 47,0380 80 2 d 30 3
RAF XD T FEFLRIABAPREAE T P2 om wER
RV i % 44 8 sz A ir B 58

I #* 4 (Fe)ff 4~ R CCNFsehZhong B 5 > P& 417 35 4e 2 A 44

2 B R ST R g 5 CONFsa 2£CNTs2 4 &
Bl o d SCNTseha §2 8§ 8- # H 4 b 388 #-50 & > # 7§ LCNTs

S B RlS B G B B e o It Bt e R BRBRET 0 TR
PN ARG R CNTsL £ E 2 e TR et
FRAE T = %0 3 180 0 Rl = & g 4 > CCNFse TRt iz s = o
g b Zhong B H - ARis P BA R A R AR R R RE L
BRZM R ATEIE > TR F & T E P T AR R A R

2 Bf BRE)EE AIVE (o) 2 B T2 0 4o(2-1)7% 5 2 AR R K
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G EERL)EH L E R O)2 M % > 40(2-2)5 o

p=\nr

(2-1)

L = (rupa |/ tanf],

Fiip ), (2-2)

224 i A f/é 2 B g B R

JER L3 BFSE - BRETET IR T 2 L s HEHE
R A A AEE Y o B EXPHEP i AT KRR TR - B
HH TR A LSRR R R (M E 2% BB 2 5 s

o v ik e LR MR A B gt h b S Ak S o 4

S!E‘L :L o tj 2 7}53 #%: > f;’k‘ ﬁﬁ %[Jang-01-1682; Merkulov-01-381; Tsai-02-721; Lim-02-356;

i

Huang-03-6796; Hayashi-04-2886; Zhong-04-315; Wang-05<907] , Ey\é _} :'1‘ ';'[/H_/ﬁ“l‘f-;" E#); frs 7} %

B A BRI AP A RE(NE )BT A R
% ey 55 F]+ (field enhancement factor » B) » I FFx £ 4 22 244 ¥
UhF e E 4 L RIER G K R/ N ARART T E 2
TFAREFHIRART ORI LFEF L 50~ o

2001 # > Jang % A Dere0Ulo82las 5w g ]\ - S5 W RO S
(HDP-CVD)» 11 & # 222 'A% F & F 8 &Sif 4 (Nickel silicide » NiSi)

AR N AR o ARl 2-14 rom o i B3 S(light emission) B
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ePiE Jang B PR s £ D enpR 2 oK A B g st eh g 3 BT 2 #
®IERE Bk 55 g sk o] 2-15 95T o FE £ > Lim & 4 [Hm-02-356]
o #:4) * HDP-CVD & Se#7 = £ 41 2 5 4540 4 38 1R 0 2 34 chil i
NE Rk ag g At R P % (high luminance field emission
display lamp) » 4cB] 2-16 #77 o & SiESH3 WL F RIS % &1 > Lim
B Lz A 4223380 TRET K3 0.3 Vum» ¥

EREFAFRTE FOF ST INRAE o 2 JIF R R K x0T
@i FED lamp7? T & BRE PRI P HAR( VR E
>32000cd/m’ > o P 5 3t E BEREERE T R D 0 RS A AR B AHT
£ 7 R E 4 24 o JangB BB EImB T 7 R k0 2 P TR
AAERBIZHFHT IR LA EG 0 S PR AE

N BRI £ R ik o

23 MK FEMZ K Ea

B¢ % 5F ¢ (Carbon Nanotube » CNT) £ g 2 5t 4 & (Carbon
Nanofiber » CNF) 7 & /& % 0.4~500 nm > £ & & ficiicd I8 ® F $ B2
B e & fn 35/ 8 g (graphitic filaments/whiskers) 515 o & P 7 & fm 35 4p
HHH phe AL BT B S BHET A S 2 R R

[Rodriguez-93-3862] , a0 of 5 ¢ 1 Jg ¢ > stacked) ~ & — % & B (k2 4 F
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herring bone or cup-stacked)f-* {7 e3¢ 7% > nanotubular) > 4] 2-17+7
o= ARd T o P RREEE AT R DT B e Y AR FR 5 ONF
AT E SRR R T R B HERFEL SCNT - Xa > 773
PWAF T EHLF FRSREDF RS FREEL AT (~20
nm% 11 —‘F'Tﬁ—; CNT- @ 2 3 30 ipdk fag e g2 s F 220 nm + 0
Pl 5 CNEKenneth-03-p.1]

CNTZ2CNFe= £ 2 38 5> Zad § R4 28 ap)»t & B &
AR GRS A R B RR T R ECE Y RO
TR B g AR SRR N ol T R L
45 Hy o £, [Baker-72:51; Oberlin-T6:355% Rodtiguer 953862, 41 5_18#5= o [] 2-18(a)
% Baker#t#t dlerat K 4 SN Y T A—E R R 0 @ Tl
B oar B IRENEE R A 0w R S Ry d WARATT 5C 2 R o 4R
A 0 B o Pl Ae fodm R R M i SRR R IR 4T A
CNT/CNF - B] 2-18(b) % Oberlin##& ! = £ #8541 » #* $% 4] 22 Baker#7
BB dl A RAp > BT EPRET FHARN 2 HoE e R

B fE s 4 S a5 d FEciea 47 4195 2 CNT/CNF » B R & e

N L

=]
=h

PACE P B SRR A & & NI EF 0 3 e Oberlin® 4 355 4
B g S TR R 5 0 Fla @ FONT/ONF2) & ¢ 5 end e

A58 o B 2-18(c)R 2 Rodriguez*74% 11 enCNF 2. =& £ %+4] » gt 43 &
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PG o g A S - P MR RE e §F HERLEL &
JIBAER DR L F T e P EFRFE AR A X TR R G 5D B
B d PRI B B EIRART Bs g AT d o A5
-~ R ABE I - HALRST F R YRS T LR E
312 CNF35 4 o gt ¢b > Nolan% 4 NOln-9%416307n o 4e v, 4 CNFend £ i

2

B EFPRH - ERnEd cH kA gyl B R EF e

—\%‘\T

EHBT > CNFZ 7 & 7 & 2% % #cenfd 3 4&(dangling bond)#-18 11 & &
FIABE P o ReNEEY A0 AREET L2 RLERTE
5 i o Delzeit® « DeslOnigg pe s 3 0 Sl kg Hl  Ap ¥
WHEF R - FHRSEHT 0 EFRF L F L ORET > By
£ Mz Ridesed CNTA R RS 24 F % nCNFg 4 > 2 - # 3
P73 EF e BB ABRJICONFZ & £ o #3083 o
CNT/CNF - 4 @ Y3|(Y-shaped)# { % 4 % g (branched structure) % -
B BATY Y TG IMABBEA BT RS ERE A e W

%R (1000C) T Fd s (Co)ff 4232 F 4 & B2 4k o 2 & &
[Chambers-95-10581; Gan-00-897; Satishkumar-00-2530; Ting-02-324] " ‘\, %%d YA JF’J”]‘% 7’{!?—';;35 L '_{[F
(Anodic Aluminum Oxide » AAO) B4 2 34 K @l i W2 s oavjgay
S A EE A SRR E L IR LI S Sk Rk

_—,thj,}:_l J [Kenneth-03-p.17] | g A Fd l"‘—fl; ‘f#E’ﬁCNT/CNF a R K'#] v B H R
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WA NI R TR R REE 4 BR TR RN
iR R R TR T MR eI § R RS R R A2 1 % i
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Table 2-1 Properties of carbon nanotubes [

Kenneth-03-p.2]

Mechanical properties

Thermal properties at
room temperature

Young's modulus of multiwall
nanotubes

Young's modulus of single wall
nanotube ropes

Tensile strength of single wall
nanotube ropes

Electrical properties

~1-1.2 TPa [25, 26]
~1 TPa [27]

~60) GPa [25]

Thermal conductivity of single wall
nanotube

Thermal conductivity of multiwall
nanotube

Electronic properties

1750-5800 W mK [28]

=3000 WmK [29]

Typical resistivity of single and
multiwall nanotube

Typical maximum current density

Quantized conductance, theoret-
ical/measured

10-5 (1 m [22, 20]

107-10° A em? [31, 32]
(6.5 k£)-Y(12.9 kQ)y-t |22, 33]

Simgle wall nanotube bandgap—
whose n—m is divisible by 3
whose p—m 15 nondivisible by 3

Multiwall nanotube bandgap

0 eV [22] (metallic)
0.4-0.7 eV |20, 21] {semiconducting)
~( eV [22] (nonsemiconducting )
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Fig. 2-1 Structure and SEM image of a Spindt-type field emitter

[Ttoh-02-514]

Fig. 2-2 Typical SEM micrograph of the silicon nanotips (a)The cross-section view of

nanotips of 1 mm height with an aspect ratio of 1000, (b) and (c) show the tilted top

views of nanotips demonstrating the high density nature of the arrays of 3x10'
[Lo-03-1420]

1x10"" cm™, respectively
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(@) Vertical (b) Nanocone formation  (c) Small
CNT growth and catalyst size diameter CNT
reduction by sputtering from reduced
dia, catalyst
B TR [ SR A D]

Fig. 2-3 Controlled nanotube tip geometry: (a) straight nanotube, (b) nanocone with
small-diameter catalyst, and (c) dual-structured nanotubes synthesized by high-field and
low-field two-stage CVD [Chen'04'5%_7.;3-.],' Lay

T

Fig. 2-4 TEM images showing that the nanocone grown using 30% C2H2 actually

consists of bundles of tightly packed, bamboo-like carbon nanotubes [Tan-05-502]
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Fig. 2-5 Typical SEM micrographs of the as-grown CNCs synthesized under different
CH, flow rates at 80 sccm Hy: (a) 1, (b) 5, (c) 10, and (d) 15 sccm CH, "n&0397],

Fig. 2-6 Cross-sectional FESEM micrographs of cleaved DLC films deposited
on different oblique-cut Si (111) substrates. Corresponding Si (111) terrace widths are
Lin-01-126]

(©)21.1 Al :
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Fig. 2-7 SEM image of the upper parts of the tips. The upper parts of the tips are bent or

distorted. The growth of tips from second nucleation sites is found on the upper parts of

the tips |* 013601 o ©

sputtered a-C(:H}

.......

glassy carbon
graphitic C

SP'E P H

Fig. 2-8 Ternary phase diagram of bonding in amorphous carbon-hydrogen alloys
[Robertson-02-246]
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Fig. 2-9 SEM and HRTEM images. (A) Aligned TGCs grown on an iron needle surface.
(B) A high-resolution view of one TGC shows the faceted and helical appearance. (C)

TGC tip. The graphite sheet steps camberelearly seen on the surface of the cone in (C)
[Zhang-03-472] N AT

i =
;

1
= F
.Ill'

100nm WO 13.4mm

Fig. 2-10 SEM image of the carbon nanowhiskers M-03-¢71]
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h) (B)

©) D)

Fig. 2-11 (A) SEM image of TGCs; (B) TEM image of TGCs; (C) TEM image of a
typical TGC, the inset is the ED pattern of the walls of TGC; (D) TEM image of a
representative of Y-junction TGCs; and (E) EDAX analysis of TGC in (C) 5049811,

(c) ® =60.0° (d) © =38.9"° (e) ® =19.2°

Fig. 2-12 The possible tip structure with cone shape, in which the pentagons are

lncluded [Sattler-95-915]
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BE-MPECVD System
o B
H, .H
£ ]

E‘H
Ll L]
L L]
High Negative
Substrate Bias

-
-.._
e

\

Fig. 2-13 Summary of the proposed growth model of the CCNFs. (a)Si substrate with a
thin SiO, barrier layer and the Ni catalyst layer, (b)fragmentation of catalyst into
nano-particles by sintering and electrostatic force, (c)decomposition of CH4 on the
surface of the Ni nano particle, and (d)growth of CCNF. (e) and (f) The high resolution
SEM and TEM images, resRe’c"t.i\'f'ely. !(g)_Thé calignment process of CCNFs during
growth [Hayashi-04-1159] =i ElS , ‘A

Fig. 2-14 Plane SEM image of the carbon nanotips '"¢0!-1682]
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1.5¢cm

Fig. 2-15 Photoimage of light emission from a phosphor screen using the carbon

: 01-1682
nanotips [/*e-0!-1682]

{a) Blue

{b) Green

{c) Red

Fig. 2-16 (Left) The photo images of three lamps under operation with carbon nanotips,
which emit light in the three primary colors: blue(a), green(b) and red(c).
(Right) The photo image of a FED lamp made of carbon nanotips after tip-off (M™02-356],
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Fig. 2-17 The three structural fdrms offqarb_dr‘.l ﬁanoﬁbers, classified by the angle of the

graphene layers/platelets with-respect :t(ﬂﬁg ﬁlament axis [Rodriguez-93-3862]

.
; =]

L -

| b ]

A

CH,7CO  CyxH, /CO  CyH, 7CO

v

(a) (b)

Fig. 2-18 The growth of carbon nanotubes and nanofibers involves the catalytic
decomposition of a carbon feedstock (hydrocarbon or CO), carbon diffusion, and its

precipitation as a filament [Baker-72-51; Oberlin-76-355; Rodriguez-95-3862]
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150nm

Fig. 2-19 Branched structures as a result of a rapid drop in temperature from 700 to 550

‘C during growth [Kenneth-OS-p.17].

vacuum level
sl ! e = T ek A
R »* no field
: F A
w I'
2 1 \
E,
_ = il
vacuum with fleld
5 10 15 20

position (A)

Fig. 2-20 Potential-energy diagram illustrating the effect of an external electric field on

the energy barrier for electrons at a metal surface [“"e"& 0310211,
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Field enhancement (beta)
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Distance between emitter (um) penelration

(a) Simulation of flald

Fig. 2-21 (a) Simulation of the equipotential lines of the electrostatic field for tubes of
Ium height and 2nm radius, for distance between tubes of 4, 1, and 0.5um; along with

the corresponding changes of the ﬁeld enhancement factor § and emitter density (b),

and current density (c) as a funcflon of the dlstance (Nilsson-00-2071]
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[4-04-431]

Fig. 2-22 Cold emission CRT
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