BT

&
T

/,
%

M F o1 a8

B L% e

SREXTFHTLL A2 A MBS LI

Synthesis and Microstructural Investigation of 2-Dimension

Diamond Nanoplatelets

bRk 2 L
L 7 &2 = 7



SHRAATEMTLL SR BB EA LAY

Synthesis and Microstructural Investigation of 2-Dimension
Diamond Nanoplatelets

Boyo4 gy_ [ Student : Chun-An Lu

R R 2 Advisor : Li Chang

HOE A8 1 s
RN
A Thesis
Submitted to Department.of Materials S¢ience and Engineering
College of Engineering
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of
Doctor of Philosophy

in
Materials Science and Engineering

July 2006

Hsinchu, Taiwan, Republic of China

PERARAY LT A

-



CHANTEGT L L3 A AREA LAY

Fd i pkx sk w2 4
Rz d ~FHEPAFRIEF 8L

£ 2

AT AR A Bk RIETFF ARITAE K S 20 R g (2 11007C)
2 CHyH, =0.667%# 4 ¢ &%= Mz ¥ T 4EF o A Wl aift
ALY KD A R B E SR R R

FofEAE 2N A RRGE MR A E) B PG 0 R
it iR 2 THAR AR RS RE . SRFLF O EHS B A
T HEF g 2 0 4 3 3 A 11 (Fe/diamond/Si ~ diamond/Si 2 Fe/Si)h
PR o RS A AT Pazﬁfj;f%;;»ff_%_ T4 T & A3 B AR IR

ERZ B FRITITHEREZ2FEIT T HERE AW EVERY: R
ﬁ*%&%ﬁlaﬁ\wﬁﬁﬁoﬁﬁ%ﬂﬁWﬁﬁﬁﬁ’%@wgﬁi
BARhFRE o #F5 ﬁx‘@(i‘?'_ﬁ’ HP e g R e > 1100 °C)

A HIBER KNS 20-60 nm 0 if

g\)‘(

LRI A TR R A S
£ #100nm % 500nm # % » H & 2 =% § S<I0>4e7 H H o ¢ B K

R B i< e 5 1000-1100C) % & Gl FORLE T3 OF BT im k der B
1

# I - 1 3 sk (nano-particle) & K 4B 0 2OV ET B (AR iﬁ%@
oo B B MOR 0§ 900 °C)R|F ﬁﬁ"k‘}@?ﬁ%‘} T‘}E}’\?i’iﬁf BH

¢z Sl R o



PR R AH00) 5 Y T ALY o B4 - TR
gz 23X THger o ER YA 1100°C 12t o d SEM & TEM

F RS B A K TR ARE A 0 ARIT A E7) 0 B R A

a\
®
B
hn
-

% 220-30nm > & % G E ST hE 5k o K TEM A 45 FILige 2 f T
H

*
A AR B RR N T EHET Rle £ £ 484 -

Bﬂgé}ihzeﬂﬁidﬁ% T <110> o 3By <>z TR 4T o AP

il



Synthesis and Microstructural Investigation of 2-Dimension

Diamond Nanoplatelets

student : Chun-An Lu Advisors : Dr. Li Chang

Department of Material Science and Engineering

National Chiao Tung University

Abstract

Diamond crystallites in 2-dimension nanoplatelet morphology were
synthesized in a microwave plasma chemical vapor deposition (MPCVD)
system using a CH4/H, gas mixture with a ratio of 0.667% at relative high

temperature (over 1100°C). +'In this work, we have studied the synthesis

conditions of diamond nanoplatelets .with' the temperature effect using the
geometry of specimen positions relative to the plasma during the deposition

Process.

In the first part of the dissertation, we used substrates in a special position
which were standing-up on the holder and allowed it to be entirely embedded
within the plasma ball in MPCVD. The influence of various substrates on the
deposition of diamond nanoplatelets with the formation of carbon allotrope at
different plasma ball deposition was investigated. Surface morphology and
crystalline characteristics were characterized by scanning electron microscopy
(SEM), transmission electron microscopy (TEM), and selected area diffraction
(SAD). According to the distribution of the deposits, it can be divided into
three distinct areas with respect to different heights on the specimen. The top

area of the specimen which is near the center of the plasma ball (temperature >

1100 °C ) is full of diamond nanoplatelets on the surface. These diamond
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nanoplatelets are hexagonal single crystallites with a thickness of 20-60 nm and
side length of several hundred nanometers. TEM examination shows that the
diamond nanoplatelets are oriented in <110>. In the middle portion (lower
temperature around 1000-1100 °C) it is found that there exist diamond
nanoplatelets with some nano-particles which contain Fe and carbon. Three
carbon allotrope including nano-diamonds, carbon nano-particles and carbon

nano-tubes are coexisted in the lowest area near the edge of plasma ball where

the temperature is the lowest, about 900 °C.

In the second part of the dissertation, the substrate in a horizontal position
was embedded within the plasma ball close to its center where a high
temperature above 1100 °C was reached during the deposition. SEM and TEM
observations clearly show  .that“the diamond nanoplatelets exhibit
hexagonal-shaped morphologies, and the:thickness and the length are measured
to be around 20-30 nm and several hundred nanometers, respectively. TEM
with selected area electron diffraction shows that each platelet is a single
crystalline diamond. In additional'to"<110> oriented diamond nanoplatelets, it
is found another type of diamond platelets which have <111> orientation.
Based on TEM observations in a side-view direction, it is understood the lateral

growth mechanism of the <111> diamond nanoplatelets.
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# L1407 24 & L [5]

Property
Hardness
Strength, tensile
Strength, compressive
Sound velocity
Density
Young's modulus
Poisson's ratio
Thermal expansion coefficient
Thermal conductivity
Thermal shock parametes
Debye temperature
Optical index of refraction (at 591 nm)
Optical transmissivity (from nin to far IR)
Loss tangent at 40 Hz
Dielectric constant
Dielectric strength
Electron mobility
Hole mobility
Electron saturated velocity

Hole saturated velocity
Work function

Bandgap

Resistivity

Value
10,000
>1.2
>110
18,000
3.52
1.22
0.2
0.0000011
20.0
30,000,000
2,200
2.41
225
0.0006
5.7
10,000,000
2,000
1,800
27,000,000
10,000,000

small and

negative
5.45

1013 _ 1016

Units
kg/mm®
GPa
GPa
m/s
g/em’
GPa
Dimensionless
/K
W/cm-K
W/m
K
Dimensionless
Dimensionless
Dimensionless
Dimensionless
V/em
cm?/V-s
cm?/V-s
cm/s
cm/s

On [111] surface

eV

Ohm-cm



%012 HFFETH @ HOREA B P e [2]

Materials Knoop Hardness (kg/mm?) (298
K)
Diamond 5700~10400
Cubic BN 4500
Boron carbide 2250
Tungsten carbide 2190
Titanium carbide 2190
Aluminum oxide 2000
Silicon carbide 1875~3980
Titanium nitride 1800
Case hardened steel 800
High carbon steel 400
Copper 40




213 G A b R B Tk - [2]

Materials Friction coefficient
Diamond 0.05
Teflon 0.05
Metals (lubricated) 0.10
Graphite 0.10
Tungsten carbide 0.20
Sapphire 0.20
Nickel (bare) 0.70
Iron (bare) 1.00
Aluminum 1.30
Lead 1.50




LA GET R S HE R @ E G e (2]

Materials Thermal conductivity
(Watts/cm-°C)
Diamond (Type II) 20.00
Boron nitride (theory) 13.00
Beryllium oxide 3.70-5.90
Water 5.61
Silicon carbide 4.90
Silver 4.18
Copper 3.80
Aluminum nitride 3.70
Gold 3.11
Aluminum 2.38
Tungsten 1.70
Silicon 1.50
Oil, Transformer 1.36
Iron 0.82
Graphite 0.80-2.50
Palladium 0.70
Tin 0.65
Gallium arsenide 0.46
Germanium 0.28
Titanium 0.20
Quartz 0.07-0.14
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211 B FApinfiiz & ~ 4%
2.1.1 B4 B

pipBR &Y o AP AR PRI R R A SR v g A
KRAIP R Y 2 A F S 7 24 SR T 2R BEF DM Rl 2.1 2 mh
R[] Hdha B R - Shhs BRI o LEkREY gLy RlY sk
MEGET 2 P RARR DR APT F A TR Y RO ET R
o BRETAPET & 0 A SR 0 FE fi(metastable) 3 Ao T A HET 2 47
P AT RYEY AR ESGPRE ST BT R SR RAP Y
BoREHFLTTETLELG c F BRI R P T B IRHET 2 R
A EERIE A AR VB B SRR G TR L O RE T 4T £
oA VBRI E SR T 3 o
TR Rly v BRE A BHET FHFEFUENRREHY ANB
%o BEBRZE A CFH 5 Riki(shockwave): @ D F B4/ 5] (R T
HEF & = P 4 fjﬁiﬁ%éﬁ % 1EFYET o BTN P RETLER AH
AP E S HEF e RSt B B g o

2.1.2 i & g 4p w2 (CVD method)

CEFAPITA R & SRR (R122) F AKRF o f W(E F 27 )l » el
#oodhd 3 FHRELE( BT ’inrﬁ B)HF B F A 4 5 4p % 1 (gas phase
activation) * @ F AR+ - RF B~ 2 F ~ 2 F B~ FHEI2 B mSTRGE

EIRL &;}’LM« ’ %ﬁ‘ﬂ 'ﬁ‘]’/u bt’#%f{;‘i '\‘ p*&‘?é*j’ 'T }‘%7% f‘-'i-é‘aé_i 7‘? #Ej



Pressure (kbar)

400
c
300
Diamond
Liquid carbon
200
Diamond &
metastable graphite b
100 a
Graphite &
metastable diamond
d
l I I
1000 2000 3000

4000
Temperature [‘G]

Bl 2.1 5 penE 4 208 Renip Bl o [1]

fi=& J&(gas phase non-equilibrium reaction) s

TR K BA %@Bﬁ“{. N
B BUEF o R A VWA RS o (A2 4072 -
B Ak A AT T

S0 G RF A R RAH[2] 4 e
4L GOtk 384 #40F (external heating method) o AeF E S TC B F AR ITAE
T ’3]%‘/"5 it ;% (plasma assisted CVD) » & & * £ i 4_F ﬁféﬂlﬁuy (R A R
B g it BB

% (thermal and chemical activation method)
e LB F AR E o

—E. ﬂ—\IZ; ST A ;‘E

ZRE A

/Qﬂa

s -fl\:" S

=

TR e Z2 R ot PIF A 5w <5
[2-3] > 4 %] & #ae 3 B4 1Y 5§ 4p ST A7 /2 (thermal enhanced CVD method) »
#f B4 i B £ 4 4% % (plasma assisted CVD) ;

LG B B § Ap it fp 2
(flame CVD)% %

3R e éfi 4P i F% 72 (hybrid-techniques combined

CVD) . £ % 2 ists

ﬁ;ﬁ"lzl/a Ibﬁfﬁ‘#ﬁ/lb?f e f‘;iﬁ&;{%ﬁfﬁq/\ a
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Reaction

H:+CH.

Activation

J@ég‘:ﬁ:ﬂ&';m

Substrate

B12.2 MR FF APk S F e LW o [4]

213 REH 1 B FApITH R
j&.élﬁ'gl’ IL%‘T»} #E]Hlﬁf;l/z- ’
PenFApE S TR HF BAME 5§ gaﬁ%%@’ﬂﬂwﬁi

1_
A
f‘m
F_k
&
A
pof
T
|k
§
¥
o
3
el

R+ B E 12 B FE GRS R ARG AT 0 R FHET
ST AR o

THEEA S GRS S AR RS BT R[] A T
A

(1) 4% fﬁ%(cold plasma) ~ £ % 8 3J§ PR a5 iﬁi
R4 2 MY T torre T A B B 0 ¥R R & 5000-10000 K T o
B i

JK

oo TG 2 g_gv,ik,:t@?vg;;“flgo
(2) #.% % (hot plasma) ~ %8 7/ k& C B ) ’]\»

>

B4 T (45 % 2 100 torr) > B R B FHF BB T

=H
4
R

B
3 B R 2 ﬁmggﬁ—riir’?/%@é_%s;f‘éﬁ%iﬁﬁzfw»'fr%—i’

@3
e
s RN

w
4u
Fn

t’rJ
BERB DI IR )i;—‘}!;/* + 5000-100000 K % 8 & T > fi;

15



\"B

CR SR PSS T R Ty ST
chemical transport reaction method, CRT method) ~ & /it & & 7 l‘
i 8 § 4p U #% /% (direct-current plasma-assisted CVD) ~ & 4 T SH4E 7 I" i g

F 4P 7T Fi 2 (radio-frequency plasma-assisted CVD) ~ ficitk T ]‘ LB § iR
/2 (microwave plasma-assisted CVD) ~ & & 1% T = Rk & j‘ L8 5 pinsE
/% (electron cyclotron resonance microwave plasma-assisted CVD)% 5 /& 7. ;J“
it B F 4p A% /% (high-pressure microwave plasma-assisted CVD)e T - B &

§ PRGSO kS B R R F AR R MR G

214 Hok R RH B F AR A BT
POk TR EF AR L e § A L e E R WA
LERELG T NS R

I g d > W a i doseiigm 2 Ui it 21 ¥4 3

Vi) S jf(é_i B 32 B 9 - 4 sHAE (radio-frequency) 7 w A R A
LA™ 245 GHz Ol b s T i b o F Bf ML 55§ o
€S AR BRI § A SRS B R <
AR Ara T 2 AR E BT 0 MRS EHHETE Rt AR R
AR HET SR+ B o A £ 4T o McMaster F 5% % [5]7]
PRHREFTRY AR FRAETRY 75 CHy» CHy~ CH3 2

90 et

(-



REE g doR] 23 07 > BY E B EE®
d > ﬂ?ﬁfiﬁ%ﬁﬂiﬁ»%—%’ Mpopk BT P E AL ¥
g2 i o) . Sl R ST e ST
TREFPEFP R E R R SAEFE D B RPEF LMD
EHPRLF G FETAFET 1200°C 2% 7 A L% & Tk
T RF EERY E RFRFAHPEREFA AL SIO S
AF 0 FERERDF L o AL TR il B F iR
ARG R ET Y P F HF(ASTeX) = & 41 | A ﬁéﬁ A ik 7
BB AR VLA R o 2T 5 T R 0 e B R
B0 RS A P A o RS dh AR R N Dl
wo LR 24 -
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CH, —t—— OPTICAL WINDOW

3
Ha
Ar L
SILICA TUBE
FLOW CONTROL
SYSTEM
MICROWAVE
APPLICATOR
MICROWAVES '
(2.45 GHz) N—» ] 4—'

SUBSTRATE

I Q PRESSURE GAGE

L
C TO PUMPS

i Wave guide

Eylindrical
Mo A Caiy
.‘_\\
Three stub tuner
\'\
Pyrometer
N
Halogen Stage
lamp | |+ __ Thermocouple
BT [Healing
W controller

2.4 ASTeX et T It 4 2s it 5 f i ff ¢ 2
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2.2 %PL RSN RN S

BB RE S BHEFHPL DI PEIL > B L Pav LG
fe & = 1% (homogeneous nucleation)£? & & =¢ % (heterogeneous nucleation) “f
T FE A HE ek > o W BRI B 4 B4 = 4% 2 (bias-enhanced nucleation, BEN) -

HET 2 K ARG RIEILP HPT a8 K 2 S S P ]

221 0% H i~ FE B D K X P eniBAL
;ﬁd J. Singh =¥ F %2 HRTEM B2 E I chig % » 4F7 < 4%~ & &

B e anE AT e A [20] ¢

(1). B+ nF A Ed w2 R+ B (clusters) » T F] 5 £ £ & F
£ o4 Nd spl%?:\ sp2°

(2). F15 & B 3§07 FE RS Ssp & sp LR 5 45 4 24 (etching ) B
B3 AR R BT Tep' D sp spt 0 F5 & 2L % 8 g 4p (amorphous
carbon phase ) °

(3). BB LAY 02 spd B LA S HEE P 0 T 5 407 (1)
BoFoG o Bl o Flpt e 4 2 (111) & GhgET Fifd

(4). 407 S B 4o & o B e i0A) Rk & 23k (Chemisphere ) » 3R E7 F
(ordered ) cHdfEz % & - P BB B - & & 5 (disordered) 2t f s & -
F4p¢ 3 %74 sp’ R F B (cluster) e~ pt o o PEL 2L R B R PR

4y

g p e BB BRELBS LT RT > B Kk
B4 o

(5). ST St tF g > & 0 & FITRR ~ 0] (critical size) 2 > F0 fafFL
T

(6). #E7 Hofo RAZBTRA * [ 208 0 F WHET LW A G ks blAcgh
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# I (point defects ) ~ #p £ (stacking faults) & dfh & (twins) & > €
Eprd LRk S 5 Kk & B (faceted crystallographic shape) ¢+ 7
- X #F% (primary diamond crystal) g -

(7). Bt R hE B2Ef A SR RBRAENIEE N 8-14nm d WK F 4
ERZFPARD2IBY UM R ERERRE OERS 2 A 2R
o § BINFHEEOE R AR E LR ARE RS 5 & (critical thickness)15
nm 2 {0 F] 523 K Ig i b oy e R B PRAE R SR
B+ e AT Ao E B2V R P A B R I R R R W AT g
Fr *h 2 = %% fu (secondary recrystallization) 2 2 F7eh= =t £ fE o 4t
= =x = 1% (secondary nucleation ) » & = #7eh= = 4% ( secondary
diamond ) 3f} o

222 #T %

TR e P Edp ks y M %’15]{7?'?3* T fREEAGF SR B
Aodm A Eie e RET | RF E(cluster) s F R AR IR - T
e B PR S rlkE N S S
(DF F 5§ 48 = +2[2]

o= P A g AR e i R R R S PR BHRT £ P e &
/T*L»E'&Efi;“? @AM RF S A pae A e R T AR A G L R TP
MFLAL FZERERP e RETEAE R R A LFAF LT JT*U“
FA G AT PR PR S 0 BB i F AR P ke TR AL
E &PE%* BEFORAMAG BT SE > BPRIFFTS o

& 80 & 4~ > Derjaguin ¥ Fedoseev ¥ ik v & = {2323 » fiip|4f
F IR A e ® i ik [6] e e Matsumoto ¥ Matsui £ 4 & F #E i eIR

FRl A F AR PR E P EP R Vo AL 4T BHEOmRF R
- P F
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AhFE AGEF B2 BTN AF AR SR T PRET] . &
Mitura 987§ ¢ 4% 5]d CHy~Hy~ Np~ Ar &2 ch5 o § #¢ > CHy ¢ »
fam 4 XHETIA . FAIIPE > R ERFER S AL R FES
Fenger Pfisbd | 02 @S 2H 0 BT S o T A4 2 EE
A2 BPFMLE SHF AT o HPTRNE R T A Y i A F

FARAMEET o RGBT AT T OT IR 2 0 R LEE B E WS E

3y

PR AN A > AR E B A bR de ) o BT RS R A

(2)% B = ¥ (Heterogeneous nucleation )

B =2 1% (Heterogeneousmucleation) = & f FAH 1+ > 5d B FAH
i fnin g o driE i i R E R AR M T kR Al (Particle)
R RRTEGET PR LB R I o - g - AP
EAHE G b BRI Hag AR g FI BT A G R o
& Yarbrough % Messier ci7h 2 [8][9]% #& X FHT B F = PiehFlF 5 -
& -

(1) ZEH % o ek s bde: 534 (Vacancy ) [9][10] ~ £ # (Dislocation ) ~
¢o 18 = & B} % (Growth Spirals )~ F¢ £ = ¥ (Steps )~V 35w # (Reenty
Grooves ) ~ & fi (Grain Boundary ) £ & (Twins) %

(2) 2 Fehz dpd i § (Hy) -

(3) p it (freeenergy) -

(4) # @ it (surface energy) °

(5) 4 @ st (interface energy ) °

(6) & % ¥ #c £ §- (lattice constant ) £ mismatch °

(7) 27 3 4 frs B e focsp’ BUAE S o
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b gwmkg o R AGEF AWM S RHEE c FlainE Ay 2 2

A Fe B ¥ ¥ B & omoAc o ) T2 FER[6,12-14] ©
0 HET B R S RGEE P TR & A h R B

2B mAR o FAMEG P GERIL LK SRR Y Mo
FP F R PR R AR > VY g A A e W 2R (scratch) 0 A
44 Ka (defect)  #e B A & & v > HAr X Pl o blde D L3 KR
SEWR SPFLE SV A w G R R GEEE  T F
FHPYET PR B G AR R P G RO AT RS o

WRHRFTHEF 2R DR FAENT R TR RS AR LG
Tk L g3 - Ko FIS R EART bAM AR A R RTOSPIRE
Al ERE AR 2k FI AR RS €5 £ R[14-16]

FIAE B 1991 £ (A B Tl 5 Yugo & A [17]= # e fif i R = 272
SERE AR FTAMOIERE EL 2R 0 2 et BRG]
PR TR I RFFNE AT LG 0 b f BBRERIF I T g

AT BMRFAH LG R BRER LY LTI e AR A G

frid X HER A E A A G SRR S Z s F o FI AT T e Pk
FA -tk

S.Yugo ¥ A BB NS IHB S S HEFAPIRR @it
R TR RSP 0 2 5 g F S A E R L R E S
Pl [18-19] 0 e & v @2 i 8 = a0t 4841
S PR R EOFIEE G - NP AT S 0 U] e PR R R
# %15 SEM fRA7AR 7 J3 3 R W AL A B 70k <o P fa s 3 F b dgd
SEM % o @ it TEM @ 2 BE A% FF > X FIL R BART 3§ T kb
E%0m 3 FEERIEY F AOHRIR L -
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223 4F = & . (growth)

Van der Drift % 1967 # 3% 1 7 i& it :% 3% % +4|( the evolutionary selection
mechanism ) [21] > #8428 7 YT G f AR (vapor deposition) = %
ALY o - RO MR € £ T T B ARIT R B R hd
A 0 Bots B MR Woeha K 2 % (growth orientation) (% s Bg
(texture )) IR % o

ETH - LS B AoB 2.5 7 0 BRILEAMR 2 e o 4
% 347 (surface diffusion) » X = 22 W4 > BRAL L2 i B
(Intercrystal boundaries) » F L & #E7 "o ket & i (the crystal
front) » BB 40P B4+ R EESATH F EE 2 v oh2 2 4T PSR 0 B
X A APHDBET PR S R B R £ - A ( coalescence of adjacent nuclei )
TR BCEPER 0 Bl Y A BB =X 55X 2 t=25x = B 7 b PFR 4T
fo B B R i B AR e e gl B g S K B o et
e TRt Hhws eI E A A G e o WA A
AT KB i ( columnar strueture orfiber structure ) > # Yarbrough % *
Fo? 7 UBEERI SR ERBIE T EE o

t=25x

/
/
/ / '
H
/ / :
/\'/\‘l/\:
! / H
/
! , H
! S
/ AR
/! / H
/! / H
/ / H
/ / 1
H

t=x

B] 2.5 Van der Drift *>* 1967 # & ) e:& 1 £ #% # 4] (the evolutionary

selection mechanism ) °
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K. V. Ravi f /B ~ 3 = & i# F c4f7 &5 (thick diamond films )
2 4P7 ¥ % (thick diamond slabs ) = & iE427 » 3 LT e il o 7F o
NRESFT AR 0 R A G
Flot g BB IHET b8 e K
stability ) o BLEF|d F & K F AT E P ger e i ¥ LR A

4 (competition) =R %73 A o
g 2

;wenfE T 1 (morphological

1> A5 %7 4& T4 (morphological instability ) » H ¥ &t e 4] &

(1) BRR 4T Wt dod- ) €773 48 <0 (morphological stability ) » 467 -
% 23 (uniform) - #& % 34 4% 5 (void-free ) ¥2 5 % (dense films) ©
(2) "EFHer iz £ o J07E AR R B R R G
fef ™ R VR I RBRITRBEEBERATF S S 0 AR
Ao e ] L R B ERL i § (competitive shadowing ) R 58
RERRITR ER F Wy 3 Ak RIEMN o
(B RAFPET LR FIGREIFEEFERDF UG 4 gFF R
(4) 235 it 24 (oxidizing Species) 2 3 H4 & § & B 58
SHET Sk g 3 K AR (lateral growth ) o {4l RSB

(competitive shadowing ) s % » # /| SEf ST £ & F] 5 <X T @

P
i
pac
paa
g_u
|
a3
W

\n-

Fo T RRMRCGERERIGE PP § o b

#F7 4p (non-diamond phases ) (4§ #4545 %)

HEF Wocha A (texture) o) 3 (morphology ) &2 4EF Hcha £ i% 4
A B4 CERET BOMG e CWild % < REFHEE (100} Si AH
F ke gt (strongly fiber-texture ) 487 -~ {100} Si A4t t R F & & BH

( heteroepitaxial texture ) #F 7 % ~ {100} 47 A +1 + F T & & 5 4
(homoepitaxial texture ) #EZ W3 fo i > o & £ i R Pt B % 0 TK

THET AL G e Sl M AP ARG 0]
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YR S & T %% (the growth parameter o) FIE_& 5
o= A3 (vig/vin) s B ¥ vigo & vy A B A HEE A{100} & 2 {111} &
b £t F o R{100} 2 {111} B & o SR FLF 5 HEF 4 00 Ld
B ofe o PR 0 N G H (cubo-octachedral )o ;%7 » {100} & > » = &

FREAG > LT HPE {100} 5 > pnB ek et A {1116 S 9 &
B 2.6 & ¥t S B &

at2b
a+§m

c+d
c+2d

A9 ap?dH (10005 % {11y B enf s »am b i c £(111}% {111} &
G130 i £ o

> K 3 *’r:fl\\ /
E j ) \/\X/
0:_1 .

o=1.5

2.6 % dh HEE (1003/{111} % 6 & £ i 500 8 ena) 0 5 i
values) ° [22]
o P I ARER S K S HET ’-‘3‘?—1”?7?‘3 # (texture ) §v3} % (morphology )

BYEF S R EE 2 Bl o A B - B RS & Eag
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Eﬁ“%(Gﬂ)ﬁkﬁﬁu%§&$%%$£ﬁ%@o
BEAX o LB S A APE[23-25] C-BN -~ SiC £ Si i} 4 & &
B R g s R A AH B PR g kD e 1 b g
BN FIE o AR AT HEHEE A7 B AW S PSR i
A R

2.3 i = &
AF R SR REGEE R OF SR F A A R

%ﬁ&wﬁéﬁpi@ﬁﬁgo

231z b &
S R 4T & LAk (Shape) § AR ¢ - AT R T Ak
(Equilibrium Shape ) » — &8 = & 4% [$ &£ & 72)% (Growth Shape ) °
bo% A £k 8 RN US40 ( Strain Energy) 0 B & A8 6075 B4
# @ p o it (Surface Free Energy ) #rid-%_ > @& S8 it Jg Ak M pd & ™
ST Ol B o 23 40T [26]
[a vdA =a minimum
HeYys#a pd i (Surface Free Energy ) A & o #f o
P 4o pd it E X e (Isotropic) BF > P & 88 e ok 35 T 055k 5 I3k
3] (Sphere)  F1 i B2 fu 4l ¢ <t FRIZR AR 28 5 hdk & ff 5 B) 0 FI
EIR D Y B e AR NEFRWAG S A d R
B 2 B8 T ek A A5 ¥ 1 d y-plot ¥4 k4= [27] -
% F4p-F 4P (solid-vapor) % 5t¥ > 5 8 = % = £ a0 A P [29]
FACFRFSD FBEDF AMLERE ﬁ@ﬁ@%#@é%ﬁé
FtBED A A o FEF P €= (Adsorption) > AH EF w0 B PF
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¥
Y
%
-l

F@#"ﬁ%@ﬁ#’ (Desorption) &4+ % & o SO R M hE R

B

-~

B
F}
s
—
&
?\a\-

—_\

TE G AT 208 0 F R EBIR RS P o P E
X F PR AR TR = <t (Critical Size) & 0 W 4

A

&4
b
5
)—L
5

oo 1 = %

o

PLPE SR A E T A G F BEdE 4] (Diffusion Controlled ) =t £ 12 %

% #=#] (Interface Controlled) th= £ o @ B fg> & 124 8

~ go B 3]

i

G

(Facet Morphology ) # & 48 » BI& .2 & o4 ch= £ o

Boo i gl £ e SN e B 2.7 417 L F A AR E B S

- =+
27 B B

4

a%ﬁ@ﬁk’ﬁﬁﬁwi's34~*wﬁ€%$ﬁ%°
% mfru{ﬁ&_ﬁ > £ R RS [29] o Ao 2.8 AT o

EREE T SN

Growth

B 27 = 8h8=% > %7 & HB



High growth rate

A

Low growth rate

Bl 2.8 foh = £7 LB > &£ RAEBR DS G G fAR L

232 #erchz BHEWAE
LA-THRT ez BB HMAE AR R 2 BT AL Sl
B o= A3 (Vigo/vin ) F £ CEP vigo Fvag A4 S & 4EF 2100} & 2 {111}
G e Kk 5 ) g R fIoiEE @A F & ik WAk § as15 pE o
(111} 5% & & £ g B - § T5SaS3 P 0 {100} % ¢ & £ g B o » 7]
PAR € G A e e o ent ] o Bl Sl o § EFE T B
ERH oA R PEFAMBE RS LA RS o aBmax o HETE I
Y H WA Ao R 2.6 977 > Foa=1F KAk 5 = 2 4 (cube) > o=3 p*
Ak 5 ~ & (Octahedron ) » ma=15 F LMK 5 14 & %

d

(cubo-octahedron)e ity ¥ 1ud ¢ S A X EPFEDLBM R o @B

f S R £ PE{I11}22 {100} & & =+ £ ehdp ¥F3& F[30] -

233 Ak L
sk Rk 1 (twinned platelets) § OB LGt o &a &
ANMK—-E 5 ARBAFTY o i’ﬂ‘ (Germanium ) & T L L BR RS 2
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AR ARFAEL O FRAFE S Ragp P S s JFREST
Bk i o
Bt - 2o N ¥ 4% 1960 &£ pF Hamilton and
Seidensticker # ! B & o AL P A PR LB S L oS £ B4
( Twin-plane-reentrant-edge(TPRE) growth Mechanism ) [31] > 2 #-3]4-§] 2.9

t:Li-/“ ° BHB’E‘%‘:J\;'FE; Bé*: ’ ‘iif"‘;t %\' ™ ﬂiIﬁ;%gﬂaﬁi E‘f‘lg‘é ’ %HHB\_]:! g}'g_i" /’;l: AN A

)

7 & (self-perpetuating) (S FF > & 5 Zf £ gL i=% > T LW
1:,\ ¢ » r» l%»i‘;? 4 l;:] L g A, éa.gﬂa’g_gé'{ m Il}‘:l\‘ JTL;PY BBB %ﬁﬁrfﬁ 210 "”"i'
T’r‘ o

B Erowth
irection

Twin plane

B 2-9 o ﬁ_%aﬂa TR | A #Biﬁ-ﬁf‘@ ’ ArIp— v g m‘é:—f# °
dm A RSP AT B R A AL

B EFg 4 2 3 2 K (self-perpetuation growth) e
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Reentrant groove

Twin plane

Bl 210 TH EHESERH &, J’ﬁ—j\éf S RS

Hamilton and Seidensticker ;ﬁd E‘f*é" S TR SR TR ES
FEFA 0 heF 201 4w o F ARG A BAL SIS 0 2
R g L3 29 2 & & 5 1411° 0 ff 3 4
(Reentrant Grooves ) £ % & 218.9% %k 24F (Ridge) - o »vw & Zg B
el o FROPRF ) R ooope i lic (% E) - i
Ty nn BEF T A ARG E P g a p o E BHETS -
EAFF AP ALMAG €A S 2 F AT ENER G g

FERBHAE IR LG oA AL - BIPHOLWEYR T F5 G

W= £ i 2 et o F B4 B 0 TR G s R @
gg"/i‘%&itggaaa‘ii: a'_)ig"‘}’ F’r’?:—%‘ °
[111]

Acute lip (70.59) "

Reentrant groove,_ 1;{1 11} face
-“h“"'h* .
(141.19) Twin plane
e

Ridge (218. 90)/ \(

Obtuse lip (109. 5°)

B 2-11 T4 o B4 -
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Jagannathan R 1993 & pF42dp 4Lk it 4~ ,.‘%ﬁ‘%&a T KT 7 @
% I {1113/{100} /{111 6T 45 5 K8 B & $f§[32] pr *1‘%9 7 % &5 195.8°
PR REHEE L LS 1642° hR NS4 & BT R LWR G S
il E R S B

BTG OSE PP - B ARG REAGIRDGH I I F I
T FF HFER33-34] 0 # 3 A I B RS S S & i Az v 4o 2002

o

# pF Lee 22 Hwang % 4 [35]1¢ * 5 + B4tz (Monte Carlo simulation )
AHCEES £ BRI ELWAORG BHEF 0  {1IHhe AL £
(100} 18 & -

234 gprcho ML WA

BAPT S Y o 4 7 Hamilton g dhemds T 4ok & 48 0 04 BT 4F B B
» B F Ao 1992 & BF Angus FAR & A T R a0t %‘-"iﬁﬁfﬁﬁwﬂ %=
H I BET S & A g T DN BB AET S S [36]0 H ATRLER T B
[ r T AR BT 5 2.5um> O AHET TR chipl g LA DT 70 i)
B g e B PR R SRR KA R E 7 P £ 2 (multiple
stacking errors ) # Ko T (7 {111} dfam cHfFdfam > i @ F LA REL 5w
1§ %1 @ 1995 Hamilton and Seidensticker <3235 ¢ & S M & T4+ & o
2_ {6 » Hirabayashi % * 4% O,-CoHy % & = 467 B » § O)/CH, v F 4% 3
PE 4 g I A0 {111} BT R S & T [37-38] 0 X P AT
SRR LG W R o BEIRGERET T Y SRR E > LR E
EEES SRS R T TSRS LS R 2 X
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235 - &2 K BH4TF

g = BRI A e R ARaE R OK AR 0 3T K Barnard #7 3 HC
Boh SAEE A AT UG L RIS 2 F AR R A
[39-40] > % 7 B R OB RRET > L d 0GR F LG Ld R A > R FHER
3 f T+ AAfrt(negative electron affinity)crdF 2 3§ & W) iR R 3 8¢~
e @E-wz K é,’-ﬁ_ﬁv}%% SRt {ER o

5 7 1968 # > Derjaguin & X [41]% % & 7 G4FF H & A4 P+ L 407
% do (whiskers) o F A F] 2 g o ¢ HEY AL v R2HHE L
e - B ARHEB AFEF o
TR e e - B34 Masuda [42]% 4 1% EHRECE
kAL S & egET Fl4 0 LBl 2-12(a-b) %ﬁt“ AERIEF P EER o

Y
"=

B 2-12 (a)(b) Masuda 1 * 4eH tmficts & = & § J chdFT 4L o
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m Sun ¥ A BIfI* & 3 T f:f]%/%@l_ MWCNT sps B & i 17 - S H J 4
TR LA L AZE 2005 2 29 10~150m =% 0 A
2.13(a-b) [43-44] o

Diamond

Bl 2.13 (a)(b) Sun #- MWNT kL «E;
- .sg-ﬁ%b? Y e 2 ﬂ_‘ 7}}&1 % | :- |

% T g (Bottom-Up) % & & — % % YT A 3
s A FEAIH 4 e T 3 (Top-Down) k & = 487 2 5 42 - Baik
FA[AS] 5 KPR RITL A4 T F R ’J\(alrplasma)ﬁﬁ? 7 Nm EE
#F 2 %k LB 2-14. T3HE F60nm £ HFEXN2ume

o Baik 117 % a3k ¥ Wk @ 4% 5> X3 FoAndo £ 4 BliT—
wHET {100} 5 5 b o 1% HcR B i hard mask o $5fe & st B Ay
#F(RIE)4 %] L1 V407 2 5 5t o "L 5 [46] (B 2-15(a)) - £ B 1% & T ¢
LR AL G RbH g8y 525 (B 2-15 (b)) kLR
AR S S € )2 d {100} o & 7] = T35 2Rk N
(] 2-15(c)) -

‘—r‘»?»% W

B = % 50~200 nm =
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B 2-14 Baik & % 17 % P HEEEL AN I 25T jjs(ﬁ&%s} A+
Wyln R AR -

(b)

Epitnxial dinmond

\ S hisker dinmond .
/

4 i
MR"M oMt 0-15min  15-4%min  45~106min  106-360min

Rw*:ll{l:'

Bl 2-15 (a) Ando 4% 8 & A4F} o 1% 7 dps 8305467 2

AL e (b)id TIILBAL > BT R K MO E o (0)ALGH

i’é‘ii’j‘i@?—_i@@ SRANREL Y I RN N N = M
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NARZACREFIPFERGEE B IR FREAHER IR
Sl PE R AR RONHE R E TS A LFG A6 ook
o BAPRARHFER 23 FOER -

Badziag % A &% ¢ P TRA o AR ARG IR E B A DR K4
PRV gk G 5 REEE [47] ° BiT Barnard Rl - B2
ol eapz Behdish [48]) w38 I k2% > £0-1.9 nm &% B &5 #
G BT 2 1.9-52 nm PIEHEE A 2 A 52 nm 2 (SR F
EARE ST F Aok HEE 2R Bl 20 1.9 nm PF o SEPEIS SR el 1
P HHET 0 oq Ay ’fﬁ (fullerenes) °

= 312 5 467 > Barnard # 7% T EY T3 AFE T 700
°C #0 carbon-onion & = 4F 71> 4@l 2416 [49-50] o & ¥ 3R > ipAp g1t L
i oo ﬁv}%‘% BG4k > A &% % carbon-onion e

- @y e 2R R0V 8 F ipsui B AR BN R R R
%(DC bias enhanced nucleation) 4% o 4o 2.17 > Lee s’ ¥ & A4t 1+ %
SRR IR Y AN AR TR SRR T S LS IE AUy
FRY 18 H & A &S e g [51]
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@] 2.16 Barnard 4 * 7 + & 3% % 444 3] 700 °C 17 carbon-onion > i i&
g3 K e F [49-50] -

B12.17 2 Si{100} &1+ FI* WRH 22 Z 1 L HEF o S2HET 1

FETSi A TR E S b %[51] e
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2.4 B & 4 F (multi-twin diamond)

Hzmi aanth > AP ol Sl Rart®on i
HEEFARICHE AT ST Y L ARV ARBRRT kne i©
i @Rk~ G WE LEET ¢SS5 W(E 2-18() & = 5 W(H
2-18(b))(decahedral % icosahedral) » g4 - 6 M £ - - 6 WHET > FRAL
d R A E RE I £ H 4 (pseudo-fivefold symmetry) 77 5 BF o 3F f

(multi-twinned particle, i§ - MTP) & 4= £ [52] «

B 2-18(@)7 L3-S R MPHT -(b) 2238 ES
o K HET o [23]

APEY T UFRELEFANCVDAT TP g S hrxd 2
GG MR o ERA R G AR - R e agenA) e o Wang & 4
[53]> 1% TEM endijis » &R + 854 2 AT L% > {111} h & F 5%
RE R RSB Y B BSOS TP AR R o {111} iF
FF

& CVD 47 fke? » BEh iRt 55 alll}he #4227 @ F B
{100} & o 22 T R B 0 A RARIZEE 0 (LB 2-19(a-b)) o gt ) 2 0 T
FRGEEREFOFFE2LY | - T ¥ BRZEY R

FIRAw 2T EFaRA {1} T g %nfig T ENfdhe oRp

—nl\«



Bl 2-19 (a) Wang ¥ 4 j& & S JEHPT £ £ {100} & & 2 {111} & & f 5%
B R SEST B A{111} A G B G S SRR AT
[110] 85 dh et 3R o (b)JE g ARIF KB » 7 MFIRG 37 5

A} 4627 #2@ @R &{111}45 2 T 7 o [27)]

11* TEM gLiplen:R joKasum@ A o0d 1 2 {111} H f4F7 ¢ & £ 467
[28] > » #R > &t m HEHRZE gRRA{IL}T 6 T 7 (4cF 2-20(2)) ©
PAp o Ad T AEAEY L RTERTS EREL DAL 0 4oR] 2-20(b)
T

Ehehdd @ FHF S E L - T4k 0 1992 & > Angus § A 4 T
ok enz ST [36] - B PG TR T F p i & 4T
PP TR AHRT Bl d o 4X T PR AT R o T A E P ET
#H G B %35 — W H (reentrant groove) o H F T %;:&F\Ezﬂ i £ 3B

Hamilton and Seidensticker == £ 3235 K iE 7 o
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TH s Twin plane A
Twinned layer A
| [001]y Parent layer

Untwinned layer B

£ ' 23\
[,gll_ 'TT"'" E_:I i) .
Grain . “ ﬁ 3 .
boundary _ e 4”] fe2 .
U@ @
| le2
.- .‘K el 3 .

. | . L
_E:‘UD_I_!:_;;F__ S . '.’ _‘-ﬂj{t.' ‘:\““h. IHIT|
HPHT substrate Je -
o 0.8

(b)

Bl 2-20 (a) Kasu & 4 2 4ez {111} AH 2 FHFTEHT =& - #FR
FE A ELTAFERL{II}HEMTE - (b)# PRI

NRFRIES A &R AL EL F R EELAEE

K+ 45 {111} 7 o [28]
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25 VLS #+41 & ~ 4E7

Ao m ot AP AR ER L e A gPr L L Mat o f 0 B
BELZRRQETH AT AP gIpd - BHRF LR
EE AN SR 70 HREE R 2 G > S RaT
fedd ~ ¢ B R 0 2 Jplen3 f2R % 2 F]1F o £ 1996 & p¥ Haubaner %
A e S AE A e BE[SS][56] o BEM 5 = A

PR EERALF R A FRIENOS T - 2P g BT

7 £(Au) ~ £(Ag) ~ 4:(Pb) ~ £4(Ge) ~ 4F(Cu) ~ 45(AD) © iZk B & = 4F
T AR 0 F O ORI R DA R o W Tt ag SHET B A A G F

PO LB AEl AAF R HRBIEEG P T o MR
b B 4E B FULIBE RO S AR 0 B8 A HPT il

2P o R € FlYRAcE s AR A o R T A ~ A
Ao RIS @ ] gha RS AL ‘\%’%‘I‘i%ﬁﬁjsb}‘ﬁ:’jﬁbﬁf\}ﬁ;;i
B EHMN A, ﬁ‘gJ"fT:r'Tl""}#’,a FIR R T S R

Sp’ S b PR B A foa s B TR BT AT B end e

.%. o
P AHA R § AR et e 1t dode (Ta)~42(Cr)~ 47 (Mo) ~
8 (W) ~ 45(Co) ~ 45 (Ni) ~ 45(Ti) % -

TRARE AT E S HET T g DI DEODIR Gl s R T Rl W
B ER s AR d o~ ) BE S E AL 1993 & f 44 # Roy ¥ 4
St k- BB B R R RS i 1p

Hpmi g F 881 B%2 3 E3RE

"U?'

¢V,széﬁ‘5}-i‘g\.g\% ’

FAPE =~ I REHET 2

\;\ —f-‘r

(w,

‘*“\
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[57-58] -

ABEBREY CHBERI B 194 EERNFZBOPER A £
LA 7% g et M) S PR iR R RS g TR & 3R G R
(VIIIb %) ~% » CLEREHEFEBRBYRERT WEET
o BEEDTERRFITES BEEHDRI I > d T F 03

BRER  F TRV U R N RAERY 0 B GRET R ST ) o

1996 & Sugano & A [59]% % # %’iﬁ"]‘ 4v 50wt9%Co-50wt9%Fe f= 66wt
9Fe-34wt9%Ni & &> HPHT % st¥ » #v < tg's MHET & PreiE it R
25K BB R ERA 5 Fa %5’&?379 R R I

T b > Tizuka & A [60]% A7 % PF 7y e Ni-Ti ~ Ni-Nb %2 Fe-B

& £ HPHT ; 1998 & Eugen Pavel & A [61] & { .3 & &% HPHT /% v+ g
LB end ¢ IR H ApA) A o]
B90 &N FEEMRARY BRI SRR
BEARE WA E SRR 0 1 R A RT 4o B
FRFINGRERY MAMNERLEM S 11" LRI 2 REBPEL R
“ & MEEE o B Pt fE 5 LPSSS(Low Pressure Solid Source) ©

L
v

s

Roy 7 % %% 1993 # % & MREAP & = T fALHFT 2 18> & {1
MPECVD i 5t > BB G AR > 4o » “ EHRE B A S S PR > RESR B
Ao § e #IE R A 500-1000 °C 0 RGEEE P PEF AL 5-10mm e e
&£ 7F A4 MPECVD i st@ » g R B E_F AL 40 » 1-2 wt9g £ (Mo, Cu,
Ni) % 99% & +2% 7 =4 B > iE & & 600-1000 CT » %54 g & /4 f8 L 40
£ FpEI S LPSSS 467 2 £ = 55[62]

Jou & %3t 1994 & 4% PECVD it i kBT » LHEMRZ

DYET T A B 3 2 AR R G - BRT ) RR o %

FEENHE FRERA S 100mTorr # 5% o4 > 2Tk 1.0A
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3 450V 0 FE PR R T700-850 C» 9% 3H Ak AL G 2
£ 407 5]63] -
Roy #1995 # Z F frdc » 10-15%Ag & Au fr7 &353R &6 LER
7m4m0t,ﬁ@@¥m0%n@§§ﬁf,?ﬁ$ﬂﬁ%&%%’aﬁ
NEEEBEYTE LS AELUT 0 1996 £ L DR E S NELGT
2Bk I [64] -
Br e pkw AR Y 0 HFC GE T RE AL o AT iR

ERAMPEUp &t 340 gy > b h@RERT » AH i

=

MRRIE XELRAEAMDE > R FEARE SRR L B
ERHT FHRT BERDE B~ 4) o Rt ek TR s GALfRAEE F
AR A Me,CH, 8% - BRAEFELRFIPETFRES sp
B $%I‘f?'u-_m/€ﬁi}§i§“’“’ﬁ5§h? SR fRR O PR ¢ &
Bend s 474 0 @ Rk § & & spTat Fopk 4k (etching) 0 @ 40T F
A A O L
P R A BN B R kT T g L Ak R bR
ﬁ&‘&ﬁ“ﬁﬁ‘%&ﬁ\%&mﬁﬂﬁﬁwﬁﬂ’ﬁégﬁ@@%%,
de DR BB R PR E g JIF HEE £ S aIR o ¥ b BG4
Pl i AR eSS > G REY Y R BB b A2y
F#B oRF oRETIRFEZCAMT O HVRDBIERS 6 SR

s
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<

bR kAR F 0 A AT A B K 0 R
S RJR(GR) S Y BRSO B s LR R IR 7 E T TRk
—r;\g’?%[lﬁf‘;{;i’-ﬁ‘j\&MPCVD og M }f'{L;P\"fﬁﬁb? ’ﬁ»%ﬁﬁ']g\?q
* SEM 22 TEM (74458 £ (4 en %o A9 k2 F it A2 B4 B 3.1
f:’l—i-—;'[- o
322 F%KH

FHREFTBE~ > Be 23 BING A6 LWBRE DI L8

BT -
ALK &

AP I R AA T T L BOA T F A
j« %(MPECVD) > % ASTeX #i#la " H 77 3 Bl4-H 3.2 #771 » = B 3.3
PIE AR korie * i ASTeX $85 o Bigi ] & > AP Bk T

’Jﬂ‘% LB FARIH AT BN H A AS T o
(1) #c A 2 % kb ( microwave generator)

ik & 2k Sed LB AsTeX #Fflig » S A ot 55 125 KW
Mo 59 4y F (magnetron) & 2 0 B R FHE S L 2.45 GHz » jicik 5o
o E (wave guide)iis?lié I ¥ J& % (reaction chamber) ¥ B:%¢ 7 Tf: °

() F R HHE 5o

FIEf # m®endpdl2 & &4 MKS B ord2+4] % (Mass Flow
Controller)* MKS % id §& 5 %8/ £ #7 4 % (4-channel Readout multi-gas
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SEM TEM HRTEM MAP

Bl 3.1 ] & % 4 8 T 4T F B in AL
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Bl 33 A%~ o1t ASTeX Hep 7 ’wa g F A s sl

55



controller) » ¥ #-d F g N en? (CH)Z 3 5§ (H)R £ 16 » F B %

moo

() # WFEZ

ERFHEF BT Aot > B R LAk BF LT
o v g e edn AL R o

FIVRRBERBREEL AP EHARARZACED BTG ART

(Window) » ¥ " BLE 7 “Ff( BRSNS BRTERIEBLMRT -

a
<l
R
[
3
PH
Bt
o2
T
=
%ﬂ
&3
-
A
sl
gh’i

FREMES L& HdMKS TiRlig R 4 gl ks gl &
AR e R R IR 5 AR LAY - 5
e & 58 E 7§17 (O1l Rotary Vacuum Pump) T 5 3 5 §F - 2 97 8
2 E % 0.01torr e
S)mBEE

ALY the k- B O IBR & ¥(Labortory DC Power Supply GPR
S0HI0D) o ™ f /RS 3 » AP df fadh- HE A8 SRl
1% holder + » ™ ¥ — 3P A7 ddp F RERE o i F ASTeX ;2 £ 5
B A S P2 B R RG RO E L - B AR
¢ b d FOREEiE 3 - iF ¢ =0.5 mm 4z 5 (Tantalum Wire) i %
*Wé?ﬁ%%?ﬁﬁm%ﬁﬁ@%ﬁo
A1TK A

l’ft/a\’f’frrﬂi'lgly s Igéj‘l-éfig\,ﬁgﬁ%‘iﬂjﬁ:y_;‘ ‘\:L';G{- A\‘%ﬁ" )

PR A FRT S BEASSEM)Z 7558 T 3 BACE(TEM) -
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-

(1) # % ;° & + B e (scanning electron microscopy, SEM)

FhATITHERELEIN* T FIAAF R L A4 - F
BEF ST T ol X F R E)NS50eV P AREY A
(5- 50 nm)en= 7+ F 3 A G o0 5 d Everhart-Thornly 1 /p] % (SEI
detector)jz & e #3152c~ T CRT F » 7 N EE P T4 o AR o
EAFmY &% 0 SEM - 5 B7G F ~2F %% JOEL JSM-6500

Al SR T S R E Y B L B ISM 67004 BB sHFER T
+ HpsL 0 1% SEM kBLZZ N TS hd G A ~ 2 o~ A G F

(2) 7 i : T B Hedi( transmission electron microscope, TEM)

7 i 3% 7 F & pcsk (ttansmission electron microscope, TEM) &L » H
REIJ*RFR ORI ATBEFTIF LR EREF L EF o
& TEM ¢ B2 thoms ifa & %’%’\z’ = %;ﬁ_}"'%”“ 3k
ot % - & 5 A ¥V (mass-thickness contrast) > % = £ ¥+ 40

-

(diffraction contrast) > % = H_1p ¥+ +* (phase contrast) o f %255 B
(amorphous) A L J2 fepF iz » 1 & EJ|* % - fE g 3V o @ AT
o AP o RIRE A MRS KA oo o T LS B R T S P
(selected area diffraction) 4 7 s R 554 % 4% Five LR B f347 82 (R AL
HaEAp ok = e %ﬁ A ATEE . T MR R G B Rk e
Tl - B A & 47 de M8 5 4E (crystal structure) 2 F £8 A R (crystal
morphology) i % o A AF %P NP gt i~ F 444 % Philips
Tecnai 20 TEM -

(3) = + i £ /nsi(Energy filter)

IR RGBS 0 6] - R SEA
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%7t 247 % it ¥ (Electron energy loss spectrum ff 4 EELS) > %% 7 ¥

PN

E ik g 2 0 4 37tk &enit B 45 (chemical bonding) 2 ® + B iE
(electron structure) o ¥ ¢F AP F 0 AR B a4 R ok e ik
(Energy filtering transmission electron microscopy, EFTEM) » % i 8 e
WEFE > P UEEXLAAFUE A HFRP L AR DA D
Fae Ay ¢ o7 Fa £ips T %% & Philips Tecnai 20 } ¢ Gatan

image filter (GIF) °

323 R%™ %
&

LB RS Tk L6 (100) B & Y 0 AHeRlE LR
SR TR E i e R N P T

2
g

3

(1) & Fgiesrid * a3 205 35 RCA clean » & ) Ff4c™ 5 #7dy i

(@) HoSO4 + HyOy ¢ 3 i fe vt 5 HaSO4 : HyO, =3:1 0 BB R ¥
# A 120C > #* FFRAF 5 10min- H $ 3 & chp ehpa 3t 3 “/’TT oo 5

FoARF O T

(b)HF + H,O : A% petl 2 HF : H,O=1:50 > £% ;8 & 2 ¥ 8 >
T FRF LS S A G A sk i H A '@’*j\—ifz\m;ﬂ’*"‘
E g itk o

(C)NH4OH+H202+H20: —,‘E!LL' l/)"'Jf‘—én 1:4:20-> /%/&/ﬁ’-&ﬁ il}i—
75C » F RPER 5 10 min > H (7% 4303 el 3 o F 4

2 4 A o

(d)HC1 + H,0, +H,0 : 3R fe v i &

kN
p—
—_
N
N
¥
fd
ETINS
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75°C > WATPFR 10 min > AR RT 2k ORR S & & DR

P
f
=!
=
+A
&
e
x
b
x
¥
9
&
S \\-a
3
—k
N
&
ET
e
%‘:
4y
7
)
—
=z
o
\a¥

(2) ¥ B 42

LEBRR&KE Y > ANPREF =AY - BEAF AM LR &Y
7 & 457 " (Poly-diamond fims){s - £ 4%+ - & 50 nm Fe - » %&{Fe(SO
nm)/poly-diamond films(40um)/Si> — &5 12 5 f 467 "5 2541 % 12(100)
Y2 BHB & f%fv% ;tJS’H' °
® Fe (50 nm)/poly-diamond. films(40um)/Si 2k 44

# RCA clean /& i2liE 2 67w wafer % >> &% St ek 7 TC JeoxL
(HFCVD)* it 7 & = Poly-diamond films > H #7Z & @l fepF ¥ 3 £ 46
hro ¥ 2 & 2550 mAEo? SHF W AR P REHF P
SRERE LR E o 2 (S P2 100mmx100mm s # * 2 <&
249 R F ¥ 4% % 5 Dual E-Gun Evaporation System * P 7

ULVAC EBX-10C) » % 44 + %4 50 nm Fe ©

FhEiE T FaETRA 3x10° Torr s WAERA4 :10° Torr ; %4k

F:0.2 A/sec °
® poly-diamond films (40um)/Si 2k 44

"2 Poly-diamond films 3 £ +f > #3& % 3+ = 10.0 mm x 10.0 mm

%’ﬁ»mﬁiﬁﬁﬁ @Féﬁiﬁkﬁ}gﬁo

® Fe(50 nm)/Si
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#-50 nm B Fe B BT SR A ANELO PR
2 16# 4 10.0mmx 10.0 mm & =} > %Ecz\j%it;‘pi?'l\,fa e eiF3
H TR £ e

%

SRR AL BF R P e TR AT R YT UAE R
TEB M A Rf FIpt A g Sidr e A er  andl A o )
e sirrdr AN A Bk A RS > e 3.4 007 o R & F B3RP
FHBETHLE > PR EA G ETRERIERY L 1.0-20mm > RE Y
¢4 5 10.0x 10.0mm’ > 3% T 2 Bl 4p 4 R 0 ¥ 2N E i MPCVD

K ¢

AT Y AL LY

BR o Br R AR E S MPCVD F R ipsip - T 8-3 1
%Wﬁ#mﬁaﬁﬁﬁ%iﬁ’#Eiiﬁﬂﬂxuﬁmnuﬁﬁiﬁﬁﬁ
P2 FHNEE L RA BTV R LA B ApLE S FBF &
Ve BAENI
(1) H2 plasma etching:

i FUEAFEEPN 2 VERPN RS 310 torr PF mﬁm%?ﬁ
£33 S00W o HiEr pEE L 10min > #dd & ier {17 § TR
etchingz# * 4 ¢ > FFFY 4% > BF BER~ ¥ 5 700C -

(2) i, /& (bias) F& £

Wy BRGNS PR RO T 2 T "Ff:
=2
T A200V F BFERF L 15miny P mavk A 5 4% 0 -+ fﬂf\l Fim

‘E

Feot (s BFHRBE o BEBIEWMORS AT 20 torr 0 H

=3
E4 )

—rs\
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Ta wire

MO HOLDER

>

W34 b g5 TR T H AR LW
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¥ 288sccmc TR E & 12 scem o
(3) =8 & (growth)Fs £

FimREARZ (S KRR TR RERART SR PFERAT
%1%&’@61m4mmm¢a,%ﬁ@ﬂ%’%ﬁﬁ%%%’&%

TR FHMRE > ZEFPAIEEFNTRAFH
B B fdcho 4 3.1 4Ton o

3-2-5 EE 2 ERY 45k

(1) SEM---% & A ik

AR RYET L AR AR BA T AR AR RAR
2, )% SEMBELZEE RS nde A5k > ¢ 70 s L Rp) 0 A

TR R AT

%32 Bl &7 K TS S EA

Time Pressure Gas flow Power Bias
Process
(min) (Torr) (sccm) (W) V)
Pretreatment 10 20 H, 300 800
Hg/ CH4:
Nucleation 15 20 800 -200
288:12
Hz/ CH4:
Growth 30 20 800
298:2
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(2) TEM 2% & # %

3

- B RTHEHER MBS 44T 0 B SEMBERRZ (S
&7 TEM e 45 » 3 8 enfll (v > @ % BN TEM 23 gl > 5 &

i

LBH - Bl 0 Bk éj‘m/ﬁ Hets o HEr 8 3.0 cc T f% o H-n
ERAA TR 2 F Y o i PP RFAERTELT Y
1Smin» B e g b2 2 32T RENBRY X RBRY P

A3y s FeE o I L PSR RFE T AR

N

B TEM 4 2 7 b > BB 5 sLF 2 0004 7 7 5 8 = FRUW
2 A h i R R G A R S S Rad S5 WA & TEM A 49
P € 3 97T 3B AT iE B Bl e 0 @ A i (7 TEM & 47 R

EERT ¢ MRS P EEES s
(3) TEM e 5.4 47

ﬂ?TM4%ﬁ%§$iﬁ%%i?ﬁﬁﬁ@au%%@%

(diffraction pattern) % 4 47 2 Epfic gt - 4 Fa i 3 2 A%

6534
Mﬂ

4F 4 3# & (electron energy loss spectrometer, EELS) k &% # it & & = >
HAaZ F R ERhFp AP+ 242580 & 8 i B WEpw g
Yk k- LR RPT o REHE PO R

v E AN HER > f|* EELSmap X £ R H E & -
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33 RERSEEHR

LR BREY O BFEHE SR RRE T RS 2% 2

BE AW AR RS Y F TSR o 88§
AR BE R AET o BEFMIFE A R AN AL X A TR eT
R A MM LR F w > R4F3t Fe/diamond/Si 744 » Fe/Si
A4 % 2 diamond/Si % A4 -

"

N~

>

331z g thﬂi i

B EHEE AR o O Y R R R o 3R 8 AR T
%

TRMBAS AR TRBEF Y R HE SERTRE 2 A
@

&
it
=
bad
(U]
\T‘
_{"
>y
-_\1&1\?;
i
) =
A
5
o
&
-
\)
i
A
¥
@3
7
er)
=
Ar)
o
3
B
~E

mAERE rjft%&ﬁfim% SIS
FPEB RS CTEROARL R R > A A LR Rn > Aigi A
— B AR HRYRHERCEERBEIORRAS A BRE
WA > BRI ABFEPRESL BENEUFR > AT K
ARy ¢ oo JUF hELd RIEE R BRI R R FRBE T

-

S RBEARE A 1100C > EEF P FEADNL YA

3

1050~1080°C > @ & 5 & > “r & PleE B K 5 1000C L+ T - igfhenis &
LAFRpy el  EFERTHRY cHRR GRS > mTER
EF T V- BRWRAIT Y E 2 RE E A4 HER

BRA GG o
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Plasma ball

i

Diamond substrate

Ta wire \
Ta wire
/ Mo holder

— A

e e —
\

MPCVD holder

F3.5 Rlv & S4ER T2 T tpsel

3.3.2 Fe/diamond/Si £ #t

B 4 %45 31Fe (50 nm)/poly-diamond films(40um)/Si A+ > H F %

H, etchingF# £ : 800 Watt » 10 torr > 300 sccm > 0 % » 10 min
B FFEC 800 Watt » 20 torr » 300 sccm » 4 % > - 200V » 15 min
= £ PR B 800 Watt » 20 torr » 300 scem 0 0.667 % > 30 min °

SEM % o 7 fs #F 34

B 3.6 53 % F 5o o SEM T ST B eh i 407 A 4R



Fl4c@l 3.7 #77 o 29 hd EEm? BRA GO dod - B &
=L EARY AT E R
B % erif B B8 % 0 C % 4R Bl eif B B

r—g,
S EREC A e B 3.8 1M 310 A5 5" SEM RN =

B 3.8()5 # 5 A BATREII O T U RA G YR S 2
TR 0 3 AT R T R A S L e

F4 30T U RATE LS "uﬁuﬁmm#ﬁﬁw/é*’%@
3.8(b)# % » 3 B B K20 n

i

F60nmr & - FE B AL KA 100
I 500 nm * & o A FE "%”’ﬁ%i‘li*ﬁﬁ*%ﬁ-” gD
BRFHW 4 AP AEP LG o AL BRI hd o TRk

T hE R chd g > d L2 R Ao B2 SE-

~

2 SRR L R ‘}'I*FH’L"LT#—WZZFE?° 4"1%2;7»2\\]:?1/?]‘”5

/T 5 (step) 75

ﬂ‘»

BTRAR3I LR BREBOLAG VL AT B REE P T 1Y
N RER S SEE AR L A Ll
Ao B 390@): MEFT AG A 0 B 390b)R] FRE B F T RR
A TR *%l%ﬁéﬁbwﬁ’% AR o ATELET R F TR 4P

v

TEM % 47 ¢ EF & 48 0 ~ ffa—&% Ak o i, & TEM % %



SEl  100kV X50,000 100nm WD 9.2mm

B 3.6 & % (50nm Fe/diamond/Si)* &7 SEM £ & 2%
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5> 5 =
B2 %

SEM gL

REF AR

® 3.8 (a)
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v g%tlj#"]ii o

B 3.10 235 CHEBDE G M0 > AR RED DY FRAR
Mo 3 EREEI N T g & 2k apkeder £
oAl 9 BFAAE BLATREET A5 5 L) gr

A
M

w
(Q.
.‘3\
ETIRS

S
>
N

1
17,
_r
&
a3
=
)
A
_\_\_
-
e
=N
s
=
A
N
&
St
|3
pos
.‘3‘3}
4
3

A

\

ﬁﬁ%iﬁﬁiﬁwQMM’éﬁﬁ’&%m°@3m@plgﬁ

dE G RN PT LFRE T B2 AR DFEIRT > 53 Y

7

BB 3 Pty pAak - P FLER ST
g F - Hin % o BRGNP RITT ]ﬁt‘:umsp
BooF B ERBE K 1100CH Y 45 WJ;ﬁa¢;ﬁy
For 1457 0 TF BT HE ﬁNfiiﬁﬁ’ﬁé.wa%%ﬁj
2RI A b DRI OBEE R 8 4 1000C -
IE 2= 3 %%Lﬁ%**%wﬁﬁﬁ%@t,gm &
100°C 2 6B £ 7 {7 BRI F b dwin i 2,2 3 A g o %

-

o

g S RN NO) K-S U2 3R 9 ECECERFRE
g b E G RBRTIEE oT A L F SR 2 0 hF R R
BOBERA A BE LAY ERTEERAERRE A FE A o
EF > RIE TS o AGRBRZ A PR TEM &7

e 478 A 4E
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Bl 3.10(@) s 75 CH =2
e % SEM %%-L«mqj,u’é’f—%%}fﬁﬁb%’%'f
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TEM £ 47

BRI T AN T RAEE - R K TR e
S AR ARSI LG L R AR 3T Y AW
Bl > & TEM 32 ¥ “7LR D|ch2 % & SEM e % F4p 0 eh o & B % 8
e ESES AT RS R T R S 2 SR
IAAERE- AR 31l TENT ML PRE R IK
( bright field (BF) image) » # f® 00> 32 T4k 4 > = B v 5 5L
LRI 0 d Bl 3 11(b)H F S Bl A 17 S A TS 40T B0 B 3.11(b)
T ik S b cndk B SE54 B9/ (SAD, selected area diffraction) » 12
[011] 3 &dh= w > 7 4 B gszs](111)22 (200) 554 8L » 50 32 8 4 47
Fe s H fo 40T 4 LIS EE % % VBT A& MRt
FOURE T 2 S (N 2w T [ S Farh S B o R B
TEM 3# % % ¢ » < 300 R MeT ch 6 2 % £ 49 3 1<110>7
wo FlEE Y A TEM 8 5 RV 2 Mg TEM 22 7 d 0° 5] 2°~5°
7 F[E<I10>Pho o $245 SAD (1 5 T Lk I T AR T ik v B
s oEl A <002> 2 <I11> - [ 3.11(c) 5 % R ¥ i (dark-field (DF)

1

image) > £d B 3.11(b)¥ ¥ ¢ 4 514 0 111 Seot B L 7 mpR

TOH LSBT R B0 2 3% 5 F S % 0 subunits “rE S o

BI13.124 & B 444328 ¢ B en® B (B % )& (7 TEM 4 17 ] 3.12(a)
P PRI R FURRI =T AT G TR RS &
frt & - B R~ 5 50-60 nm % F FEAe 31T BT R R R d
Bl 3.12(b)#% % 544 47 S FE T 5 HET F 0 Bl 3.12(0) 7 TR B R
FHRESTAE D DB 0 SiETE A48 [110] 5 dhe KB A
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B 3.11(a) 28 THHEFPARITR G (b) 7 H L [011] 5 fhre 3 T 355
B 5 (c)s BlRER(b)Y & HEp 111 #7142 RALIF B2 1k o
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F13.12 ()2 f THder P g 6 ¢ e B R P (b)F
A ILGEE [110]50% 3% B S5 -
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FTRAELE ST SH - RFL v IR 3.12(a) HRE 3.12(b)insE
EL APIENBBPEDEZE o BwBRRZEF TR H
LT LR REF S 5 LS R (multi-twins) 05 0 @ et S 3T S

%’”&F‘Ezﬂ{]ll}@ﬁ AP R AT AT E YR P Ue F R EE AT o

BT OREEFAE Z s w P (Elemental Mapping) © = j* H_i¢ *

B EREFRPATL T F 2o AL T A E (energy window) 10 eV
> W g R~ % k edge (284 eV) % 4~ % L edge(708 eV) F:4F 4 A
£ (coreloss) MELET o B AERAF A TR GIP 0 K 3.13(a) ¥
RHEIMPAL DI A FZ AL G REVERLARAFIE O &
TR RARORRT AREgE 0 R D% T R HET i
T EHET R 2 0t R AR T IR & TEM 4 eE P hpl

F_L
f
=)
i
2
(‘5 |
Sl
‘a\
|l
Jul
f;
=0
=
W
o
=
=
f‘ﬂ
%
d
2l
>

7l
R G ZRAR-HFT UL ZBEE > R AR NN A K
Feafooo@ A d RIS R KB ¥ o ARSI A

GRS AN AR K TR % R RE VIR B ko

B 3.13(c) P E_4H 3.13(a) H(b)lp - 4=+ A B ES S LA E A
AR R FERY SV SR
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B 3.13 5 ~ % = s % # if(Elemental Mapping) ; (a) & & 7 %
LR D) EEFEALS T RE S (OB AE()F 2 (b) B & Bl i
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& F 175 £4F £ # R(electron energy loss spectroscopy, EELS)4
+7»EELS & 457 1 A = = ¥R o — B H_F 4f £ % (zero loss peak)
TRIEID AFLA T NT FAreES o - BEAMSEF L T (ow
energy loss region) s £4F 4 i & gfo Fl =~ & Z€_0-50 eV 2. ¥ » 5%
PORH T F N F i Bl 3147 s - £ A G 2R F o
Fooorivd cn B 4oB] 3.12@)° ot s 1 e B iR R ;Ff(ié
(plasmon peak) 11 3R % 33 eV » 5 - BL AT I Y o W R
Aips ¥oud low-ratio *iE o od M B A R ENER O H
P K+ 9 A 43nm> &2 SEM #T 8 R R T RGP B R AR o S
- R P EB i £ 45 4 ® (high energy loss region) > % it £ 4 % % 250
eV 1 F e 330 0 B) 3.14(b)s 4 Fe.L-edge p K drusd endp 4 i 3% 0 &
IR R E 447 FBREE R R 3-12(a)° 152 o Bho G
B¢ 4w ¥ 2T Felld fe L2=edge s & s cidp & s 3> H 4 ] A
=% 708 eV %2 721 eV(whitelines) - [ 3-14(c) &_carbon K-edge P %
PUS ndp A G S e ] 0 A BT R K TR REEE & e

IR LHT RN A B NI R BT RKILE 2856V dLEL ) 4 3k
X4 sp carbon =7 FLiE 0 sp A 4 Vo AT S kPRI S

SE R ES S R R O Lk
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5

Intensity {a.u.)

33 eV (diamond)

¥

0 100 200 300 400 500
Energy loss(eV)

—~
o)
~

(Fe L, edge)

(Fe L, edge)

Intensity {(a.u.)

695 700 705 710 715 720 725 730
Energy loss {eV)

(C) ——diamond datahase
——diamond nanoplatelets

Intensity (a.u.)

260 280 300 320 340
Energy loss(eV)

1 3.04 ()5 iSi B2 B i 0 330V 5 — B L 2 PgEr B il 3 =
B 5 (b)& 43 K ki 7 Fe L-edge ] A& #u38 erdf & it 3% 5 (c)&_carbon
K-edge P i #Us 4F 4 40 00 0 A4 0]30 3 o T 0 407 21 S P71 Bl o
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58— H 0 R K B TEM 3# 5 d 4E7 <110>h i # 1
A Sk aBkchl b0 B 3.15() 5 PARTF RiG 0 B P S BORGR B A
KAk o 1995 B 3.15(b) ek B SESTE) A, 0 H ¢ AR eh B YRS REA B
TR & N {111} % {200} > P S E 2 (87 a0 [011] 5 #hd 0 bee

Sr

BHpergic T H v BRI E R B 2 (54 W SR B(FesO) R 2 F 1t

4 (Fey0s) S5t 8L § 1L 425 & 4 7 it E_TEM @& % ¥ e it 4379 71
TR AT AR B IR i R R i B AT Y AR T
1AL o Bl 3.15(c) 5w BAR R o LB 3.

)i B 3.15(b) 7 bee 48 011 SE54
4 o UL T %ﬁv‘é‘:iﬁ%fj&. S E ST

:«%E
\m

L‘—

d b oA e % APREE] - B & i Lo T R ERUR .
d SEM g & ¥ MU IR R o i BT HEE R R K R B
FrP P D s 33 5 100 mbar 2 fick it £ & 1000W g o
“TA 2 sk e SRR ITEE §2000-3000 °C [2]0 14 N
kg 01995 SEM LR 2 RIER DERDHT 0 £ 2 2 K THEHE D
W R ARE 1100°C g & - 2 - i f* MPCVD & s\ﬁig‘i% e
o HE RE E‘.%Fﬁ]* 700°C -900 °C » @ & i iF 2 T ST R T m&?‘f?
GRS Sz AR MRS -

1991 & 5 - RM R KARE 2 22 S35 Ay ¥ e
AAREFY B A A RE s A B H R 4 F R
BE:F i MEGER S £X DTG Ujfsikg > H9 S¥Ax
RLr Ry A d 2 KAE P a5 a8~ 42 4% £ B[3-6] - 7 KA
F 4 S anE R RRE S HET ki 8 A& 600°C -1000°C © § F il
BAZE 1000°C p& > & TR M-¢ 4 REZAME Lo g+ G T A 47
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Fe bcc'[011] zone, axis

B 3.15 () 5 AR TS B2 050; (b) 2 [011] % s hbee Fe 3 % 4654 W 5 (c)
SRR TEER (b)Y beo sk Ol BSFEEATE A o
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3F PR AR SR B[46] 2 2 o 2 e 4y R 1000°C R
CEE A *ﬁ?*#%iﬁiﬁzéﬁﬁ’fﬁﬁﬁﬁ&%ﬁi

TEY A RE T AF REARMNDOFE(G R 1000°00)7) % A B
BT P nd s R R Y BER DR S LR R K RE 7

FooBed B2 R [P & e b

o

b BT S AR
Fend 3 (ERTR ’]‘ﬁi sl ) gt R B IR T 4EE . "Jf#mm

Foeo FIHAPET T - alE o A MPCVD ®l42¢ > A7 %2 & F D

S

VERE P o & RGET R iR R KGR 900°C T % E AT 1200°C ¥ F o
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