POk TR F FApimghid & ¥R EALR R F B 2 R F A2

3 oF WARG S s

T B DR R
SR R e R
e
kLR S B R TR s R 1 R i

Poogrul Bz f g (CNTs)Z2 sz F X 4a(CNCs) > d *v 0 & i B FF %

b

AT R Z N i SR T o P 2 N SR R T F e

H

1

i

Wet 2o AT R AR R RS F AN E R R

Tk

A FL S A el PR @ Sl Mo Bl deie 0 AT
Sk AN BB AR S ERIRM - - AELUEAT RS F
e AF (MPCVD) i & = & B8 a2 5F B S 2 of X4 ap A4 > g ¥
10 nmehasz iy T4 0 He s N > Ar > Cllefe CHoY (5 F R RAL - &5 -

P Az ez F BSHS T FH T3 HAESED ~ 73502

4y
&

Mg (TEM) ~ & &+ ¥4 (ED) ~ =& &3 % (Raman spectroscopy) ~ % % &

+ it 3 & (AES) e 14 [-V BB&REFTAT o

i?ﬂf{ FHAEIT ST B AR RAD B X hg 5 R4 Z it
i wikt i 9Torr hd §FRA 2 400 W ol # 52 & TR AL

TG E ORI ik RR o B Rehf MRS f BB



F

AR MR E BRI T A R AR | RRA DAY

=y
[aaiiy

PRERFANEFABA TGS he N IEEFFPERE EE B
REHTOSEBE L LA S PRI DT A E B R
A o AEF R R LA BB S E 10 A4 R 4R

B, B RETH (Bo) ~ 4.4 V/pm; 42452 3 (Ew) ~ 8.26 V/um 5 3%
B F1FB~4096 0 @ A 10 Vum shE 3T i 88.7 mA/cm’ © it (i
AR E S L RIS E € AT JLRIR Tl R R 8 A
FHA AT R RE DR o 4R B4 b /R Z H/CHi vt
FPETIALRZA ARSI A2 F X448 | /&R
-150 V ® I/CHiZ -] > -80/5 (scem/scem)  # 8 s 2 5F 2408 2 5 B %
3 650°C o KAEPBREF L BMERo/CHot b+ 2 5 3B - Apga
KADERINGR A R A AEEE R Ao/CH vt blent A d ] e G

SEM% % 4 iplat 2 of % 4aen®) v iv LT R ¢ s & 4

cét

%] 3

R A2 gk o & EF S AES~ TEM 2ED A48 2 5 - B %
o B R~ S T et TAUR P i Mo T R KATEINE KRN
SR es o BEE ST A N AR R BR 0 H
BEwd (o) ~ 5.0 Vum; 4242 3 (Bw) ~ 6.99 V/um 5 3% 5434 5%
F1FB~4993 0 @ & 10 V/pm hE HT L ¥iE 173,42 mA/en’ » BLE o &

WY REFRB RS F SRR Y 5 AT nFE TN o IR

Pl AR AHIHERLRE L RE o



Nanofabrication and field emission properties
of the well-aligned carbon nanotubes and carbon nanocones

synthesized by MPCVD
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National Chiao Tung University

Abstract

Applications of the carbon nanostructured materials to fabricate the field emission (FE) devices are
gained greater attention in recent years in the,world, especially, the carbon nanotubes (CNTs) and the
carbon nanocones (CNCs) due to their high,aspect ratios morphologies and nanoscale field emitter radius.
There are many factors governing the-FE properties of carbon nanostructures, such as size, orientation,
morphologies, bonding structure, tube number density andadhesion with the substrate, depending on the
process parameters. Therefore, way to manipulate the nanostructures is one of the important topics. In this
study, processes were developed to synthesize the well-aligned CNTs and CNCs on Si substrate by
microwave plasma chemical vapor deposition (MPCVD), using 10 nm Co film as a catalyst and Hz, NH3,
Ar, C,H, and CH4 as source gases. The carbon nanostructure and properties at each processing step were
characterized by scanning electron microscopy (SEM), transmission electron microscopy (TEM), electron

diffraction (ED), Raman spectroscopy, Auger electron spectroscopy (AES), and I-V measurements.

On the pretreatment process, the results indicate the greater substrate temperature are depending on
the greater gas pressure and microwave power. Under 9 Torr H, pressure and 400 W microwave power
plasma pretreatment condition shows appropriate number density and small average catalyst particle sizes.
The CNTs show the aligned orientation which are synthesized by different gas sources and applied

negative bias, it may be due to plasma self-bias potential, applied negative bias enhance plasma sheath
I



potential or greater tube number density induced. The result of CNTs synthesized under different growth
time reveals wave-like CNTs easily produced on long time growth, it may be induced by each CNT
having different catalyst poisoned rate. The well-aligned CNTs which were grown under 10 min without
applied bias shows the best FE properties, It’s Ei, ~ 4.4 V/um, Ey, ~ 8.26 V/um, field enhancement factor
B ~ 4096, and J ~ 88.7 mA/cm? at 10 VV/um. However, the CNTs after several cycles of I-V measurement

will striped from the substrate. It may be due to the bad adhesion between the CNTs and substrate.

The results of different applied negative bias and H,/CH; ratio on CNCs growth show the
well-aligned CNCs preferred to synthesize under above -150 V bias and lower H,/CH, ratio (< 80/5
sccm/scem). It is significant to note that the growth temperature of well-aligned CNCs is below 650°C.
The Height of CNCs will increase with an increase of applied negative bias and H,/CHjy ratio. In contrary,
the bottom diameter and apex angle of CNCsidecrease with a decrease of applied negative bias and
H,/CH,4 ratio. The morphology of CNCs,may be produced by the competition between the carbon
deposition and ion etching under plasma bulk. The results of Raman spectrum, AES, TEM, and ED
analysis indicated the CNC is the cone-shaped mixture of polycrystalline graphite, amorphous Si and
amorphous carbon, where the existence of Co"catalysts are both in the tip and bottom of the CNC. The
CNCs exhibit better FE properties than CNTSs, its E, ~ 5.0 V/um, Ex ~ 6.99 V/um, field enhancement
factor B ~ 4993, and ~ 173.42 mA/cm? at 10 V/um. The CNCs can bear long time measurement under
high electric field and with stable emission current. It indicates that the CNCs have the better adhesion

with the substrate than CNTSs.
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