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Abstract

The vertically well-aligned carbon nanotubes(CNTs) were successfully grown on Ni coated silicon
wafer substrate by DC bias-assisted PECVD(Plasma Enhanced Chemical Vapor Deposition). As a
catalyst, Ni thin film of thickness ranging from 15~30nm was prepared by electron beam evaporator
method. In order to find the optimum growth condition, the type of gas mixture such as C;H:-NHa
was systematically investigated by adjusting the gas mixing ratio at 570C under 0.4Torr. The
diameter of the grown CNTs was 40~200nm and the diameter of the CNTs increased with increasing
the Ni particles size. TEM images clearly showed carbon nanotubes to be multiwalled. The measured
turn-on field was 3.9V/uzm and an emission current of 1.4X10 *A/cm® was 7V/xm. The CNTs grown
by Dbias-assisted PECVD was able to demonstrate high quality in terms of vertical alignment,
crystallization of graphite and the processing technique at low temperature of 570°C and this can be
applied for the emitter tip of FEDs.
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Fig. 1. Schematic diagram of PECVD.
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Table 1. Typical deposition conditions.

parameter condition

Ni thin film thickness| 15, 20, 25, 30 nm

RF power 200 W

DC bias power 20 W

.. H, © NI
mixing(CzHz = NHj ) 100 : 200

ratio

working pressure 0.4 Torr

emperature 570 C

"

368

A% ARY 39 1
ThEFA iﬂﬁom—.
2=

S10CAHA SFavtefFHieE
L *‘mﬂﬂ A}4-3 PECVDS

L i Ea - ==L e
570C, 7b2=8 CohbSt NH:E AM&3rdem 7hs
gare CH, 100scem® NHy 200scem®ith. 7he
22 mass flow controllere] ]3] A 3tgl o
ARG 04Torr@ E2v=HFE A% |
RF powers 200W= 3stgew, DC biase
20W(700V, 0.03A)Z <A7F3tAnt gaueREvt
217} RF power® DC biasel] w2 d&FE FAs)
7] 98+l RF power® 17} & wjo} RF powerst
DC biasZ A <A7rd 7v7 A srade

2 = [e]
Z2&4 =W

G TRT
% 12 3 221& ded 2xojth
Ni 7]#e ®4 gelstar ghav=irH

ol gstie, TEM(JEOL JEMZ2000EX)-& B3l
gatebue 43" Fxo duE A ¥ 7
9l9lt}. z8]m FT-Raman spectroscopy (BRU—
KER FRAI069)Z B4 UxFHro AAHdoen 32
AEE FAstAnt

oy 2= AANE BHL ZAE] AT 5%
r&g] BAEE Yehgdch Alg 7]#EE led
2 A28 om, cathodedt anode ARoj8)
< spacery 200umE FASAT. HA Hc}jsz‘ 7&
#o %A cathodedl <t 17H8Hal anode°l

L2t

o

\

_Ihl ot oX

’L

0£

A AFE FASE LS AR Voltage
sourceZ = high voltage® Keithley 248%& Al-8-s}

9 ou Kelthley electrometer 200022 A Er%:_' %
A stth Voltage: 200VelA 1500V7HA]
An ZRA 487 @ arcing BAE

ogte] v 5V with 2x9 HAL Fi

&

spacer CNTs

anode

II|IIII(I

cathode

304stainless-steel

ag 2 AA wE HFR ATE
Fig. 2. Schematic diagram of emission mea-
surement.



3. 23 & 1

E beam evaporatori® &% Ni 7]¥e #9
AElit FE SEMe #9latgiv) 13 38 15nm
¢} 30nme] 7]# W i vEbd SEM ARRle]
t}.

SEM A#eA B F ARk
NiZel FAN F7+ & 7%
1= AL 4 Ak Ni & Frlel mhi: Niog A
o] =7]3* 15nme Z-$ °F 80nmeo]il, 30nme

- 150~200nm A=z #R1¥ At

ZFx2y 7]¥ox RE power 200Wol A &4l ¥l
g auniin e SEM AR A3 f1g 49 uhE
BlE=

IO A 1, 4(a)iz 1onm, (b)ir 20nm, (c)i
25nm 124l ()i 30nm FAQ] Ni el ol g%
Aot Hoeln) f1g 4(a)iz A F o] 70~100nm

15nme}t 30nmik
A& A7t Fovet

Tum 1um

(a) (b)

a3 3. Ni & EH SEM AHA
Fig. 3. SEM images of Ni layer :

30nm.

) 15nm, (b)30nm.
(a) 15nm and (b)

(a)

(d)

a8 4. N Z& FA Wit A e H e SEM
A4 (a)15nm, (b)20nm, (¢)25nm, (d)30nm.

Fig. 4. SEM images of carbon nanotubes de
pending on Ni layer thickness (a) 15nm,
(b) 20nm, (¢) 2bnm and (d) 30nm.
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Fig. 6. TEM images of carbon nanotubes by
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power and 20W of DC biased power.
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