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Fabrication of a Nano-sized Conical-type Tungsten Field-emitter Based on Carbon Nanotubes
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Abstract - Nano-sized conical-type tungsten(W) field-emitters based on Ed #4352, Raman ¥3¥(Ram
carbon nanotubes(CNTs) are fabricated with the configuration of Yvon)& oj&ste @aTx 2 @ 3"3—% 489 slA%es CNT7
CNTs/catalyst/buffer/W-tip by adopting various buffer layers, such as AZE H2d g9 AANE SAS EYss] d3tg ndd F37
TiN, Al, AV/TiN, and AVNi/TiN. This study focuses on elucidating how (Keithley 248)t vl dH % é7l(Ke1thley 6517A)E AH &8t AF-AY
the buffer layers affect the structural properties of CNTs and the EAMS 24393, Fowler-Nordheim 4& o]&3lo |8 T3 & &
electron-emission characteristics of CNT-emitters. Field-emission scanning CNTY Fz23 E4c] AALE A nXe 4FBAE =2394d. &
electron microscopy(FESEM) and high-resolution transmission electron AN o 23 v Az ATE: 7z 250ms 5x10  Torrol Aok
microscopy(HRTEM) are used to monitor the nanostructures and surface olxlgto 2 gHxd olnfe o 4T Gtol 600VE U7t F, 4A7 B A
morphologies of all the catalysts and CNTs grown. The crystalline AgEe N7 F, HEAF9 A A (stability)& 24319 o)
structure of CNTs 1is also ‘characterized by Raman spectroscopy.
Furthermore, the measurement of field-emission: characteristics for all the 2.2 @n 3 ¥
field-emitters fabricated shows that the emitter using the AVYNY/TIN . =
stacked buffer reveals the most excellent performances, such as maximum 1Y1E g3 T ?:,on ?}a} x4 Ni &0 4erel NHs S
emission current of 202pA, threshold field of 2.08V/um, and long-term (up =t 4 x{a] ¥R ((a) () % 4%d CNTS FESEM AHl((e)~ ()3}
’ i ’ HRTEM AR((m)~(th& 74?40}9&-!-, 53] CNT7F 44" w€2d "9

to 24h) siabiity of emission current 404 54 B 7 Y 2o ONTY A3 ko) 353 42311
LA B 919 FESEME $3tol RA3s2, 2318 ()~ AAHA0. o=
o 4xel ¥ Ni thegRel 271 % 44d ONTS| 4733 dols] 2EE

(Raman spectroscopy, T64000, Jobin

71&9] 432 §3S(thermionic cathode)d& /\}%ﬂ x-A oluz] FAE 5 5 . = orn .
*]ﬂﬁﬂ”E(tempora] resolutlonH A%, #e Fi(lifetime)d 17t £ BA R, 2 DR Bl AU FIWHL2 AlE A 82
4] 8- (operating cost) ¥ 423t A F9 AP Az dE wE] {TT Samgle A sawmpie § i Nuaple (¢ Sample :
CNTE O]-g-ﬁ']» ng%(cold cathode)” o A}%E}l‘:‘ tﬂ-N o ‘,;o 7-(]' -Q‘E, . H {TIN-hastTery i A l-hullery | A¥Y py {AENFTIN-telTer} i

BHE $2£%, Ayl 283 § AR 348 }%ﬂ 73-1- YEtYE
TARE Efi%" F o2k 3’]3 Y% 5= A2l (electron beam)d] ©] 7]
2 (emittance) & H28 A|A F7 -E‘bﬂ%"l L x4 94¢ 47 s
tgak Zl@sel CNTE A3 A7le 714¢] 2adn Qi3] 23y 0
A a—,%l(mlcrofocused) AN S W& NT-J AA%E E42 CNT e e see : : Y
o AR, Aol & EAT JBHe HAY o de aA Bed 53 ;
‘e A7 (nano-sized)& ZE 7|@E o] 4¥ 75’ %, 7193 CNTo Had
& ANYY AAEE AAAY, Az FEAF, A8 € 9 4GS
7719‘1 A 388 AR A °Iaiﬂ A7e vy vFF 440
o}, CNTZ oj&8 AALE719 o HAFlhigh current) AF 23 $4&
ofe] gistel 2 FAPOE ¥R gl

gl 2 d7odMe vgd45E dxd 7H“‘° d3 YxaslE %e
2y grd g 9o g AR F2E 2E S3de 23 A7
F, CNTE AAAA 724 84 2 dA%4E 57*3-3_ B7tet Aot
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L}iaﬂa Ze AANE7] AZRE A3 2mol/L F4H3AF(KOH) 4
d ot #F(Py) AFH 250m AR S #E H2d oto]oj(wire) Yol
Z]Tr 3VE Qrtste Asdz F O Fo| 300~450nme AZF S zte ¢
28 g2d g2 AFsidc AgE gad g g slaEE AdE
01%01-“} Eld vebdurel 2ol TlN(40nm) Ni(35nm), Al(5nm) =2t
og3to] 4o NHez vRae 93uRE FHAYT, ONT 4%
A Tme] FAS 2= Ni FuE RF claves HHE A8l
Aadld yx 1T 2 N U 982 A4 N Fo=og o)
o N W HRE 1027 4% AT F, FEAGEAR 5e 257
(ICP-CVD) %%‘—% 01%6}04 400mTorr (CaHy/NH3=200/125), 700 "Cel
RFAE 200WE dzbsiel 1087 AN I8 1> pEUelel TR X0 WA U N AU B2

AAE CNTS EEAAH v F2E FAAAE 4 (FESEM, JSM- izl £ FESEM EMAIXI((a)~(d)) 3 AMFE CNTS FESEM((e)~
6330F, JEOL)# ua#j4% F3dxd0|Z(HRTEM, JEM-2100, JEOL)E  (h))Z HRTEM((m)~ (1)) AfZL :
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Catalys.t average CNT average Field emission Properties
Sample ID Catalyst/Buffer grain size properties :
Layers Post-treated Length Diameter Eu Imax B
(nm) (um) (nm) (V/ym) (wA)

A Ni/TiN ) 39.79 091 59 2.74 19.9 -
B Ni/Al - 2952 132 26 . 270 127 -
C Ni/ Al/TiN 37.74 156 28 248 60.3 8707
D Ni/Al/Ni/TiN 3315 1.61 28 2.08 202 10792

(Es: threshold field for electron emission, .. maximum emission current, 3 field enhancement factor)
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<@ 2> gisdiato| BB of Px0f mat HFE CNT2 Raman ﬁ‘l"iE
B Io/lc Z=HI.

TiNgb AH2 8 ABHAY 4zkd Nj Udx gate 2713819 @)e A3
o A3, BFYsigen 449 CNTY d7Zd Zoje g7 &g AHo|
ulg] 24 ofd z:, Atk T AL AHEE AEBY Jdx{Ae A7)
(2319 (e AY Ao, 2 2374 2793 H. ¥ TiINT Alg
2ol AL4d AN¥ C(2¥1Yd (@)% D1y ()9 dxgdaly E¥e
7Y, 438 CNTY A5 ol &g fAAth ojg|d Ane
2919 (m)~@HAM veid HRTEM 239 dx&tge. AHAS A9
Uiz g3utade] A%E CNTE 8 £ 52 ZAde Zdd go g
Zulg4o] REH e A% A Z4(tip-driven growth model)[5]&
H2E AL & & A ¥ R’i g3ututoz TiING AHEE AHA(ZHL
o (m)7 (@)l 4FE CNTE A7Ae] Ao, Bo] FdWoz Tz,
%u}]% Efg]-s}x] %L 3% AA T d(base-on-catalyst growth)[6]& W=
A% Y F AU
%‘#‘EH 529} Fzo wel A" CNTY FAAE B3]

Raman #3¥& FYstRx, 2 2#E 292 Fesgr. CNTY
Raman ﬂi(peak F a8t 1580cm ‘o nadx d¥xez ANy
%9 3A(G-peak)st 1350cm 'S} F2o) ¥4d ga 59 @2l ¥
B g9 & Yyehie 432(D- Dcak)7} veldo, £33 o] £ mlAe] Ak
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(field enhancement factor, B)& #A4tat¢la(8], & ## Y{threshold voltage,
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A, 2 F gFwwoez ANYTING F2d Had Y(AHED)Y AAY
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CNTE 7]“*"& 0}~ Y arlg e A4y 44380 Ag3de &
Af7 olvHel 52 o, CNTS vi2 2o gt 539 AFd gz
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stk 130 Agd 2P yHaH B gFalolof 600VE Xﬁ‘{_}% o]
7 g% U 5‘3} e A% walE Hsyc $EAF v_ 1040
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F 9%, UANTFS Az W § Had § pozny 0m BE
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AR E4E ¥ & 5 8 AeF hﬁ_b}
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