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The Effect of Alternating Current Biasing on

Diamond Nucleation on Si (100) Substrate

Student: Ko-Ping Ho Advisor: Dr. Li Chang

Department of Materials Science and Engineering

National Chao Tung University
Abstract

In this work, diamond films were synthesized on silicon (100)
substrate by microwave plasma chemical vapor deposition (MPCVD) via
bias-enhanced nucleation (BEN)uusing “.direct current (DC) with
alternating current (AC) on Si (100) substrate. Examination of the highly
oriented diamond (HOD) “percentage;- uniformity and quality of the
diamond films in comparison with those synthesized via DC bias were
carried out using scanning electron microscopy (SEM), atomic force
microscopy (AFM), transmission electron microscopy (TEM), and
Raman spectrometry.

It 1s found that the optimum condition for DC bias enhanced nucleation
(BEN) is performed with 2 % CH, concentration at the bias voltage of
-200 V for 17 min, which produced 28 % HOD. The DC BEN
pretreatment simultaneously added with AC biasing (60 Hz frequency
and AC voltage of 35.4 Vs, 50 V peak to peak) for various time with 2
% CH, concentration were employed for diamond deposition. It is shown

that 31% HOD can be reached, which have slight increase over those

il



synthesized by the DC BEN. However, the Raman spectra shows that the
amount of sp” carbon species in the diamond films with AC biasing have
significantly decreased, implying better film quality. Also application of
the AC biasing allows the wider range of bias time for diamond
deposition of similar HOD and uniformity. TEM examination shows that
epitaxial B-SiC exists at the interface between the diamond nucleation
and Si substrate. The epitaxial diamond nuclei have pyramid-like
morphology with {111} facets, and evolve into surface morphology of

rectangular shape with larger lateral size during the following growth.
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Application area

Application examples

Physical properties of diamond
utilized in the applications

Grinding/ Inserts Great hardness

Cutting tools Twist drills Great wear resistance
Whetstones High strength and rigidity
Industrial knives Good lubricating properties
Circuit-board drills General chemical inertness
Oil drilling tolls
Slitter blades
Surgical scalpels
Saws

Wear parts Bearings Great hardness
Jet-nozzle coatings Great wear resistance
Slurry valves High strength and rigidity

Extrusion dies
Abrasive pump seals

Computer disk coatings

Engine parts
Mechanical implants
Ball bearings
Drawing dies
Textile machinery

Good lubricating properties
General chemical inertness

Acoustical coatings Speaker diaphragms High sound propagation speed
High stiffness
Low weight

Diffusion/ Crucibles General chemical inertness

Corrosion protection

Ion barriers (sodiun)
Fiber coating

High strength and rigidity
Good temperature resistance

Reactionvessels
Optical coatings Laser protection Transparency from UV
Fiber optics Through visible into IR

X-ray windows
Anti reflection
UV to IR windows
Radomes

Good radiation resistance

Photonic devices

Radiation detectors
Switches

Large band-gap

Thermal management

Heat-sink diodes
Heat-sink PC boards
Thermal printers
Target heat-sinks

High thermal conductivity
High electrical resistors

Semiconductor devices

High-power transistors

High-power microwave

Photovoltaic elements
Resistors

Capacitors
Field-effect transistors
UV sensors

Integrated circuit

High dielectric strength
High thermal conductivity
Good temperature resistance
Good radiation resistance
High power capacity

High frequency performance
Low saturation resistance




r%L2$Ligiﬁgmm

ke e CVD & 467 | 2 A& H & 407

(L= -AS C

e sp’ & &

A Ecgea .
s ¥ ¥ ¥ (Lattice constant, A) 3.567

% & 4 (Surface energy, J.m?) 5.3 (111) ~ 9.2 (100)

% & (Density, g.cm™) 2.8~351 3.515

%% 2L (Melting point, °C) 3057

P

#. % € (Thermal capacity,
Jmol'K™)

6.12

6.195

A & (Vickers hardness, GPa)

50~100

57~104

# = ¥ (Young’s modulus,
GPa)

820 ~900

910 ~1250

Er#~ 4 8 (Coefficient of

friction, in air)

0.035~0.3

0.05~0.15

FAaUE Sy e

# 1% ¥ % #c (Thermal
conductivity, W.m'K")

2100

2200

#F vk % #c (Thermal

expansion coefficient, x10'6.°C'1)‘

~2.0

0.8-1.2

7 [ % # (Resistivity, .cm)

1012 - 1016

1016

T 484 & i (Carrier
mobility, cm®. V"' sec”,

electron/hole)

4500/38001*%

2200/1600

4 % % #ic (Dielectric constant,
45MHz ~ 20GHz)

5.6

5.7

i % 3 & (Dielectric strength,
V.em™)

10°

10°

it B (Band gap, eV)

5.45

5.45

o

378+ % (Refraction index, at 10

(L m)

2.34~242

2.40




% 13 p 4T - B A AR e g

Crystal parameters governing the diamond growth on Silicon substrate.

Si Diamond
Crystalline structure Fd3m Fd3m
Lattice parameter (nm) 0.543 0.356
Misfit (%) 52.2 -
Thermal expansion coef. (ppm °C) 7.6 0.8
Surface free energy (111) plane (Jm™) 1.46 5.30
Melting temperature (°C) 1420 4000
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synthesis) - ¥ 2 PR B 2-2 F B2 HRINAPEY T3 EERE
oo ip P g P 2 s F A e B & v 8 (Allied Chemical) 22
#2802 7 (DuPont Co.) » #p4B~17 4p B & 11
GERERRBRTOMEFESAT T RREREFLNNEK
R e S L S b AR RN LR N
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(electrical discharge) # A F 32V M{A 3 2 A4 x g 3 L
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MW PACVD) % o 4ot 590 CVD s> 2 ol § 3 %@ % e in £
(BE & T 5) & HF ir Pl A2 55 R F AP R G AR RAE S
B AR T o2 gt FApY B e ezt sp’ B fE
ded B3 o 5467 B CVD s £ 47 wcnipat g v 2 % 2-10

i< FEHF ehf_ ASTeX MW PACVD i st (B 2-5) o #& it ¥k
p: o ‘Tf’: 4 SLRAR G PP o Mk ® ']\’3‘ 4 Rri@A |+ 245GHz =
B R LML R DR EE R d AL RS HT S e R
o NP I PR EHF A AT ALY PP S (neutral) i
= 7] ermi g (electron-neutrals collision) @ o %:“%“ﬁf d g AsrIFE T
R > RAREPRIIn £ En BT § WAL 8- HAfE
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#r (dissociation) £ 5%t (ionization) m 2} = 7 3}{‘ g od 3R Jf: N FE D
PP R IR IOTRAES A REFRETEEHT B P Ao
i 4 AR e RFREE ) W E X RES R 0 B B ey 0 R
B R FE (5000 ~ 10000K) ; 3+ &+ > B2 TEFIFR D
IR ﬁu%’aLaa,fﬁxﬂ Lt&,~1mmK),y AP RET S

P Roehde S e b A TR LA RS T TR

(non-isothermal or non-equilibrium plasma) °

‘“\

BORAEE R AR ML TR § ARG F R REEHEE S
EhE f 80 & Aen NIRIM: @ MPCVD 2 #710 4iT & & % § 5 cfg
ERR 2 I ERERY 02T & 21 4T chifBh o B iR
B ALK BT N b MBI 2 AR R T o
2.2 CVD =4%i2

— 4t CVD i 4EF Meen= 325 02 50 2R B iE S
T S AR Y D ig BRI R o - ] S RE IR
o~ R AR R R e FAREIRPT F R T AR R R A PR
Bl ¢ & — o] & (T3 mdy it o

2.2.1 )7z (Scratching)

FIREHB T AP R A AR - AP
LA s RO 4o BN~ SiC ~ ALO; ~ 487 - S 3R R e 2 R
P O NRFRRT I AFEAM LG > BRAM AR AL < E90R
HoAe Fodode 0 i ®HET PR PR TR g ARt AR E\"‘Fﬁ’w
TaAH LG IR iR S AT S PE TR M E SRR

gt - 2 e BREG T AN LG R ESE N OPET RS Y TS

-

¢J‘<

~iEF b oo



222 gz (Seeding)

B2 AUPT S8~ Si~ BN~ ALO; ~ SiC--- £ 3 * 12

b

=N Y

Yot s Rl SR R T A A AR o M BT PR ARY
Fede PR K T et - 2 B BB RS R A7 §
WA A£G g T o
2.2.3 # iwiex (lon Implantation)
3+ iz * Kaufman ;8 & CHyHy/Ar # 35 ko 0K £
(80-200 eV) ## L4t 4 6 - ¥ 32 % ¢h (amorphous) & 4p L HE ¥ 2
AR AR A 2 o R R BRI K I PIRAE > LY PR
i r e U A gt b S anpt 1t K Y o Tt 0 SR B A en il o B
SRR I &L N R S A =
(highly oriented diamond film)"*!
2.2.4 gtiv ;= (Carburization)
1992 & > B. R. Stoner ¥ A % 11020 MPCVD % i B &if 85 = %272 =
Fé}ﬁzﬂ“wﬂf §LEFAHAG A2 - K B-SIC> Ritd F 4T PfAA
7 Stoner ¥ X { § 2 f-SiC H Kids A= £ B LT T
(B 4-15) o B-SiC e+ 4 #c (0.436 nm) 15 /> 47 20 A2 B
(e 13U e b imRH I w4 L BRI kL B-SIC 2 & 0 A4
T8 3k B eng ek (buffer layer) » 2%t i8R 407 PR 5 2 = 0 ¥
AR S e b R AgET e et - AT N YT AR AR v
#o X Jiang A A FRTT EREL AP 07 - TR EELY
- i g
2.3 %@ﬁy = ¥%;# (Bias Enhanced nucleation > BEN)

S. Yugo % 4 % 1991 & F L% iR e 400 kit B HRT
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Al b X Jiang % 4t 1993 &4 0 f BR A Si(001)
R R AR o N E R e e i (R 2-16)1 e o
MPCVD % i B4 24 = 1 B & = 407 50 io0f WAL D SR L
Fr® izt e #510-10ecm? chX g B Y A £ 2 ot Ad4F
HET W o gt E A B g MPCVD @ @& % &R~ § BRIE Uikl
B RGEE D D oo

2.3.1 E o p %R (Direct Current Negative Bias)

& MPCVD @ $thtsc b [ iR EGEHEE 170 Jhot & ~ 47 %
EPaApg ¥ Leh-fa> N o SEF AT %RE b BB TR
AP RAE G DBRA S FHEFS e B g
Fh TRk s iR R X L h 200 Voo i B R 2 i B D
Pk R AW G 10 min B 2% eufedE TR R IR 2w i ¥ € e bR
o TR BRSPS RRFRRA T 1%
Rk RGE TS P A RIFETE A PR e 2 o b b
(HOD) it & 3] 50% =% o & BSgfRenb]F @ 3 F 3R BB D467 &
B2 G-k B-SICI0 gt oh o d 3t dreh BB 1S EHEE
FEd AR P APOEA R - SRR F AR AP A g
ST E AR R EE RBEREI NS F G S RRIER DR 5 AR
P s b - Ay S A AP S R T F R N A e
BN B R MR SRR 6 - AP AR A S o T Fldegt o
BREP YA TR A6 T REGET R R
E"ﬁ/,,\#%’fig’ﬁli’;:é; E"f’J,‘:P\-';‘Eo"Q}*J(ﬂ ﬂ}%ﬁ—ﬂ“ g Ak R
AL Bl 2-170 s 1 A f R RiEARY £ RPEGB A
4--=xZ% :l]{‘mv‘pﬁ_vlcsp B dobpbrd R BB E Y vk &Fb;
PI§ ies X TRPB R 200 um A ded o b f BRSPS
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123 % »L.C.Chen # % fEp% BEN PFRIi-PF T 2 B2 F 455 & i o
WRPEERE o EB ST T § 3 BRR IR AL A (SR PEIT A
BS- vt RP R S5 ﬁﬂﬁfgﬁwﬁ” o B BRSPS 24 &9
BinAp M A e o

2.3.2 E it HAR (Direct Current Positive Bias)

HAH L BRLT - BiEDRR S PEE K6 0 T BRSSP
B RIE | REE R R oo B REROR P B G A R DTS
R R A A A T F 8 (electron shower) » » ,T*u{
WL RLE R A GF AN SR d T o R T AR
POTYEX SRR ﬁﬁgiﬂ‘ﬁ@}?%ﬁfﬁ%?ﬁﬁj ENENPE Y E Y
Fiz 7 LB LE 2-7" e ML, Chiang % * % 5 88 F4eT & i en
Fdmpa U0 e Bl i R S T RS R -
R ek Sl 7 SR B PR T X 30% 0 kA T %% % BEN
# P e % & +200 V ~ +300 VO RERE S min i 56 10" em™
PR APFR-GEFILIBRAVERTRREAHM LG IR B0
Btk (amorphous carbon) b e & £ 4o L if B (S £ PR EC 0 v (8 T
SRR AE $EF (100) = o ftanghr e ¥ od 3t R R PTG oD
T oAz f BB  A S %‘rfé_] o BECE B0 sk i R
Pris endpr - A M2 Bl AR FEaha o

2.3.3 2 iR (Alternating Current Bias » AC Bias)

& Si(100) # H & ¢} 213K F 2w [LadER 2 G > S. D. Wolter
A0 - iqp e g PIPOIRI . 5w s 1996 # 3% 4112 MPCVD
SRMET R A PR EE S (100) b At LR BERE S
oo Bfb i EPA2E 50 % o HOD » i3tk ehd % 87— 4neh® Jn f iR
FR L RAR R L H AT HPE T ST ER AN BT EL DB -

14



W

2002 & > S.D. Wolter { 3 JLEER @ ¥ 25 /R RgeT & 190§ e oe
PR ELE R R B e FrT g - R G R 2 e T
HA o X E LS - BB R & {0 HOD » 2 - KA LR
A TSRS FR TEE B

AR Ny - BAT T BFE 0 A Floeter % 4 1998 & % v[]%a% oy
LR B S  30 cm® & ] g A

—\

T3 %A 8x10° cm? 7| A&
SHEE S Y e HE S i SR AR R L > ¥ &d ff 20 om’

F\ rb T\

#3] (100) % 7 o tLengeT Mo Al Floeter & 4 i 12t A # 7 2000
EFd - BB 2B w ) yo@ 2-12 ik B3] (sinusoidal,
half-wave rectified) &7 =+% > BB F 5 10Hz > A58 5 /) FFaos
AR 1S RIGET A m A RAc Bl 2-13 (a) GRE P &) 2 R 2-13 (b)
(B8P & 10 mm hiz B)FTT > P endR £ 4y MEER Y 20 mm
FREYLAR I G AR Y 35S AP RE oo R] 2-14 0 208 & e &
Bchr & 2-2
RN Y Sl B e S R U A LR N I T & S

_’Sr\?’]"}mﬁ%z‘/—,gﬂ—’g’ﬂ_'}%m IEJ@::\'*T#ZI}’I]“°]F‘:J’MYM

W

CRIBT RS g ey - BE e par s
fﬁ,ﬁfig\'f‘)ﬁﬁ‘; ’Ll‘—"—l; %’Eﬁ F 1:,\.1}"?‘%\. F@%E} 133_, LLIE}?;E_.FL, R" p.‘élﬁhfﬁ)@
*FEE EE A A ;\&}F%#ﬁm@g{ NS BRSSO B

THEPAE PR B E - AR gy ¢ 220 MPCVD & SiO,

N

Yok dom bR GYET DS Emin R SE S D HGkF F TOOW S T 5

ER 10% 0 BB G PlE A -60V B in /R EFse b - 2RI

B ERTE S S0V (<6050 V) > ® FAE X B 10 kHz 4
Fler LB A (9 3%10°em®)o AT g ¢ F MR RIE B A | H

¥ B hb A L 2-811% .

BEARF 0L b BB AT BRI R AP R R R T ] o
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T
g,
N

Bt S EARDRER AN RHERT BEN prafs 4l LT § 47

PRI G 2dm 0 BN A - e ped R B AR

I

24 HET S P

WA At BEN a$ 4| X Flipd RiLawT g o3 5 kg — o
AL FRfta) @ & T = P18 b) 48F @ Sir cnB B4 0) &

AR R PTR R e o d SR BB S PR HE ST R g
B AR (Rl 24) 0 T Pl AT R RIRG EH R T -
o R ;,pé)ﬁ:ﬁozﬁ,@fﬁ@ﬁ;+§,§tﬂ—gg§b%q\.ﬁmﬁ;§§@,ﬁé\%

elemental surface ¥? subplantation & f& 4]

\t""

2.4.1 Elemental surfacemechanisms

=8

A I A Bk eSS U E AL P R T i ek | L
B BEV R R WA CH & %aR 41 258 C-C 4o
§ 0 T H G AP E Ot R gy B 8 B oh CHy' 4
WAE AR AR RS S bR AT, S W T I iRy ¢ &
P R lL § ot A g s s 0 A e TR L
FEED ST VS AT G R G R 4 80 B ol £ T
SRRl Rl R YRR REA SR AFRIEL G B
Penpids o o 8RR AR R R eger Pl

2.4.2 Subplantation mechanisms

Subplantation &_¥ — &7 B4 2 e o Z AL AT L X
RS BERMAGH S F TR €A P AL 5 Tw
A e T bdG SN T~ FEA S5 2 A
o do B hen B-SIC g okERFP P e m u gy S e
TR R B-SIC BHY A spt EE £ »APT PAR - R AR
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=+ ¢ Subplantation F & #&F 3+ o £ () H K 30 eV) 4 B
AN~ AT o2 g % & + B 4%t (Monte Carlo simulations)
G N E P E BREY S 200V BEF o Tiochdgs i B A B 10 eV ~
20eV 2B B digInB9L 40eV~50eV 2 BBV o 20— a9 =%
PR PR G RBRELGE 200 Vo wmigthadidr E T R %R AT
@k d o A H0 e CH," 7 ki A8 & A1 353 sp’
SRR T X PRIZE K 70~90eV g i g0

T g3 B ot Q Chen ¥ 4SBT -
2 > # iz # Electron-Emission-Enhancement (EEE) #$+1]-4 A_

Lo & R FP o @ HFCVD # %35 f 6 48+ - K 254
Wehd TR A S ] (AoB 2-11) 0 @ - AT R E RS HE -
THRE A2 E « § S gl 7 BRSSP AT RS T ERF
£ 200mA T B RS EIBE S RIRRRAE TP BRE (9
mﬂm%°§ﬁﬁ?%ﬁwﬁEﬂikﬁ{fﬁﬁﬁﬁ%}ﬁﬁ%&’

F T o SR AT S AR SRR R § 4 R F MR
= S R Y2 AR Ty S Y

25 HFE S & 8]

JT‘ p R RaF it 2 R R m €A oA A EBRDH G R g
BERD K o 1y Wulff 2 487 R &L Thi {111} & g7
~ m 48 (octahedral diamond) - ?ﬁi&%’ 2 {100} =gz = > 4 (cubic
e
(@) o=y 3Vie/Vin) ° Vieo * %47 (100) & 02 L3 F >V &
U7 (111) gt R F 4Pt BRI T kR § B AT

PPl o FEYET A RO RT S Bl 2-9

el
7% ot Wild 24 e g 4 ¢ o 0l AH BT A W TET ko

\\\f,.r

diamond) £ {110} hgger = = 4P - Wild % * = & 467 2 £

T B 4 KK
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2 Rl (o) 2P ROM o o LS 4T g AL <110> &
B
3B § HRHET O e & ehd £ HEF e g F e poan P

1.5 o 3 o %«T#m? fig d <110> #w <100>; % a

¥ ¢k » Van der Drift &% /# i [£i%# (evolutionary selection) # &
Wl 2R E IR 5 S HEE SR g e F S o s B2

&:E%H*éiﬁ&%ﬂi£ﬁ${&%ﬁ’%i£@%ﬁ&%§%

%

SR S A 0 B E S e i ad £ R T en) g
(texture) » # 4+ %% B 2-10 #7577 o A Van der Drift 8] » Wild
FAG T RGP h2 KA B R RGPE (111) 5 4T T E

—

G <110> % o 4 K G it P o gor hn s fi 2 £ i 04T T

m

B EY AT F A EE P T E kd e e F WA

W%

o Ak

BT gy o %’gﬂ % B4 (carburization) & E EJE 82 4o i R A 4o 2 11 %
wJZ (bias enhanced nucleation process ) ¥ 14 £ 35 = & & B-SiC ek
P2 A K PT Tl A e d B Ak e g
@AY Ser § FF F Fma it aR > FROTHRBEY &
FF T E R {100} & <100> o 2 K SHET o
26 F7 B
dole 233 & AR HBR AP G R IR B8
FEMEFEELF G LR M A Y R 8N o 7 S.D. Wolter
R R TN IR RS P AL BB B R R @ (pulse) TR IE
TR PEIE (T o A SHEA T Y A R B B R SR g ko
¥ 50% s HODP o &r 2 MAF e ¥ shfie & 11 2 S L35k 4
Ot B~ f /R 2 BEN =& £ 47 WOIEE Rt 0 B fs 8T 2 m /R 2. BEN
SRR o R []%v’ ¥} 2w pdodo 3 412 HOD & # b

ol TR R R R RS P2 B .



% 2-1 S48 CVD #ire i~ sgkt i@l

Typical Technical Data and Characteristics of Diamond CVD Techniques

Rate Area Quality* Substrate )
Method 1 ) . Advantage | Disadvantage
(pmh™) (cm”) (Raman) | material
Si, Mo, . ..
100 — . Simple, Contamination,
Hot-filament 0.3-40 +++ silica, .
400 large area stability
AlO3, etc.
) Si, Mo, )
DC discharge . Simple, )
<0.1 70 + silica, Quality, rate
(low P) area
AlO;, etc.
DC discharge Si, Mo, Rate,
] 20-250 <2 +++ ] Area
(medium P) AlLO3 quality
Mo, Si, W,
Ta, Cu, Highest -
: - Stability,
DC plasma jet 10-930 | 2-100 +++ Ni, Ti, rate, i
. . homogeneity
stainless quality
steel
Si; Mo, .
W Quality, rate,
RF (low P) <0.1 1-10 -/+ silica, BN, | Scale-up o
. contamination
N1
RF Stability,
30-500 | 3-78 +++ Mo Rate i
(thermal, 1 atm) homogeneity
1
] Si, Mo, Quality,
Microwave (low P) .
40 +++ silica, area, Rate
(0.9 -2.45 GHz) 30 .
) WC, etc. stability
(high P)
uality,
Microwave ] Area, Q y
0.1 <40 -/+ Si rate cost,
(ECR 2.45 GHz) low P o
contamination
Si, Mo, . .
Flame Simple, Stability,
i 30-200 | 1-100 +++ Al O3, . i
(combustion) TN rate uniformity
1
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3022 &1l

oy b + 31
i-,.:m%}ﬁi:z\»[ ]

7 =
~ ¥

Sample 5 Etching Bias Treatment Growth
Bias Voltage — sinudoidal, half- —
wave rectified

Bias Voltage Value — 0Vto-230V —
Bias Frequency 0 10 Hz 0
H, in sccm 1,500 1,500 1,500
CH, in % — 0.7 1.7
N, in ppm 5 50 51
O, in ppm 5 25

Microwave power in W 2,500 2,500 2,500
Temperature in ° C. 810 872 750
pressure in mbar 25 35 19
Time in min 5 20 300

20



(a) (b)

spf hybrid orbitals

CGrraphite lattice (trigonal planar)

: . 4 : 2 = 2
Bl 2-1(a) T &% %4, (b)sp’ 47 AW -
[http://phycomp.technion.ac.il/~anastasy/teza/teza/node3.html]

Lt iidE
".1:,"’ :- ‘.-‘_‘},i;n_:_:. !_E &

L i i

Pressure (Kbar)
400
i T A
i) \
300
MERNTBE kol
Ef 3 \
200
g
AR
&8
100 R“x
o i 40 ot it s s
— | |
0 1000 2000 3000 4000 S000
Temperature ('C)

Bl 2-2 FiApBZ # b & 2wz 1 v
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e e

.h-.:in_... o |

. Path of I-la.-;-.u:i.ﬂ_ b

o ; -n C“-W‘

Graphite
Sample’ T ——=

- Pipestone
e -L'T' “Ciasket”

Graphilc-gs

Bl 2-3 P. Bridgman R4145 ¥ ;% (pistion-cylinder) % j& /& 413478 5¢
(Bridgman Anvils) 5 & %%##E%?][” 0

f Y.

:9% I?ﬁ ‘;;;Knix' ¢ ﬁ; ’it
&h

Nucleation and growth
mechanisms

Specific mechanisms

f: etching by radical hydrogen
g: silicon redeposition

h: carbide formation

iz preferential nucleation

a: adsorption-desorption
b: surface diffusion

c: metastable erystal

d: critical crystal

e: growing crystal

silicon (O  carbon @ hydrogen  «
Bl 24 i 8§ ApmfE4er P50 & Si A4 G ek gl
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Nicrowave Mass flow controller

Generator Waveguide { }
Nl —
— Mmmwiv_j"il] | |

Moveable )uartz window
antenna 'j T Microwave
Plasma ball Cavity
i —
H, [[CH,

—1

]

=
DC power| AC power sooler
supply supply pump

Fl 2-5 ASTeX MW PACVD % # 7 & -

CH,

p !2

Ar L
FLOW CONTROL i SILICA TuBE

SYSTEM |
MICROWAVE
APPLICATOR

MICROWAVES fEess
(2.45 GHz) — —
¥

N

| ! Q PRESSURE GAGE

——
C TO PUMPS

SUBSTRATE

Bl 2-6 NIRIM =4 4 ol T 3 e i 5 F Ap i f wlal
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@27IrM%%@¢fﬁ% hﬁﬁtﬁ]@)&ﬁwué%@AMzé

s R,

20 30
Frequency (KHz)

B 2-8 08 47 5

1
R

& F o
g 108 i
= 2
2 2 o
g w 5
g | 108
f
o

1

Nueleation Density (cm-2)

106

VaR

R

20 30 40
AC Voltage (V)

Si0, & 45 % & g 8l

24

40 60 50
Negative DC Bias (V)



éj/ )] @ )
,L“: X9 ) @

rd
Vaony/Vain 0.60 0.70 0.80 0.87
o 1.04 1.21 1.39 1.50
/ S g §
/ ! y
Viooy/Varn 1.00 1.155 1.30 1.65
o 1.73 2.00 2.25 2.85

B 2-9 2 & %8 (o) 240700 WP -

1%

ST S

AR

QL e

A

Bl 2-10 #p7 = & A2 & B .
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filament

(O-

mide cathode
W Si W
e ——

substrate holder

B 2-11 HFCVD * & & T %% A+ 3 flz 7 7 Y-

NS

Bl 2-12 Floeter= % X &feteha in g A g 2B o

B 2-13(a) 3% ¢ &, (b) BEES P & [0mm 2 =% P
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10 Hz

—— T T -
" i y
g 4:[;'/‘—//‘ -
N 3
o ,
— - -
>~ 3 F B
F ;’/‘—'_——"—4' i
o~ - ]
2 k
[ a
1 | 3
1] C ]
=2 L ]
B ookt
o 4] 5 10 15 20 25
é Radlus [mm]

Bl 2-14 #FF =g

b R R 2 B Al

(b)
Bl 2-15Stoner ¥ + 7 H & [-SiC 5 A4~ & hf LT ayd]
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Bl 2-16 Jiang % 4>t Si(100) A+ & F = v prger

AR

nanncrystallina
diamond

SiC

|si|in:c:n substrate

< ~200um < nucleation

] 2-17 The morphology and chemical state of the substrate at the front of

the secondary plasma as it advances over the substrate!*”
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Chapter 3 g 5K &% ~ inid22 A 773 &

31 #WaxkH
AT ASTeX MOk T B EA B F AR IUA A S T A i
ST PARE LR (F 25 £F 31 -

ek A 4 B (Microwave Generator)

Mk 22 F (model: AX 2115-2 Rev 1D) F§d 242§ (magnetron)
(model: SXRHC 0190-09265 Rev P1) A # 2.45 GHz #f & erjicit » B *
¥ % iig,] IviE 1500 W o

A %¥ (Wavequide)

P A A (et 2 A5 e Y MR B (S B X M (antenna)
Hpic o~ TR 607 gk B ORPERMD A TEE 5 = B RAe (stub
tuners) > ¥ A5 PR £ BER AL Ak ¢ hiR AR R R
SRR 0 i ek Ao 1B AN IR VR R VERR Y e R A i B

- ’f% IE, J\» ]'i;i“""ﬁ)’%’i*%@mﬂi o

ilgIﬁ ® (Circulator)

P R REOR R F St R enpicl € 3 dummy load @ KR ik

A 0 N F SR 3 R

k)
%%ﬁﬁﬁ% d A adsh Tl PRXBE oI EEEIRES T
S AT A A A S e SR BT T P ALRRT

BRI e % 2 HEE P DA WP EALTIIRLFIE  RER

-Eh\

G RN A R NI TS e

0§ v (window) > B B~ £ ORI o
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Z 51 UEFED
L)

d MKS = @ #7flig hFindr#] % (mass flow controller)> 12 multi

gas controller (model: 147B-PCS) #:#|F # /€ » #-d § 5gin 1 en? e gw
EFMEUBENFBEM AL DI 7 R » DT B A R
% 20 scem #FEA £1.0 % of F.S. (model: 1179A21CR1BV--S) » & # 7|
% A s g & 500 scem 2 Finip4l®E £1.0 % of FS. (model:

1179A52CR1BV--S)
B pngg s

B4 el ksl & MKS @ 2 erglag o JF ] S0 R e
LR KBRS EFEE G AHmiRd E 7 FF (PFEIFFER, model:
G

AN

P275140203) #tH= - P % 8.,0.01 Torr 27 o

hBREE
A5 AW E O H/R R L (LABORATORY DC power supply GPR
S0H10D) » # ﬁa?l I+ 7 B A 450 Volt s = o ik & ik %t (All Power

Model : AXP-1005 > programmable power source) ° ] | & @52
ZTE FHEATRERS 0~ 300 Vi (0~ £300y/2) - 47 5 ﬁpaﬁa %
45.0 ~ 9999 Hz > 2 jR /R eE M4 B8 Vi 7 J2 R FmL

BE o B4e Vins = 100 PEFiG RS & 52 100/ 2V = & 1414V o 18
AR L +1414 & (1414 V 2B RT bR %Y BE 4
Fh 21414 Ve X35 > AAD%endsic? R 0 50 Hz 2 60
Hz & e dp 5 5/ o L@ FHRR R T Lt BRAE S mE -
VB AR I R R G L ST ST
LArg ¥

MRk AR R N R AR RPEERE R o AR AR
R TPERRRTROEAT o RFES 25y TR RE AR
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TR R 5 21 o
32 RE&iiAR

AR ALT AE IR 32 KA T o MT 3L BA AR
P ime o

321 #FPH 4

A #- RCA clean &2 {100} p-type silicon ¥ & f [F]*7 & = 10 mm
x10mm & |2t A AR R P AR R R R A
“ﬁ’r%ﬁ% B2 ERR RS F R 2 TE A F M RE
BTHEER T

3.22 MAHEE WL N

R4P Ak 2 (N AR

RAP AR A b f YRR L m A B b L - KT A
(BRI 4p ~ 07 ~ 7 & ...) mdp AR bed ap AL e 1Y R en B R 2
BB e RPEE WAL VAR R Fring o ki
SR T AR R AF SRR 2T PR A
SRAECAT LA PREFRETE LY P M
BRI R R AR AR EATHA AL RA ST BT R
TEFET - & NPT AR o A4 AR P Bche £ 341 o

N

»

!

KR

£ Mgewtamﬁ
MR RE S AT AT A S 1§ TR f (Heat) « BT

(Carburization) - nﬁ,@ﬂ:ﬁ v &+ (BEN) 7 % & £ (Growth) & w B %
Fod TRUBHFRLLF ARP T - SHBAMIETHPE > P
g & (800 °C) 1t 5 = RFE TR R ABGE A
PR A F R A EIFFAM A G ok o RIS iR Ry e S P
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BEP T B NP R R LR S - SRR hikive AR

P& AT R ¢ g R L RR IR BB S

R apkiR o fs A K 5?1%'* 1 % " = féﬁ’ﬂ?&ﬁb%ﬂﬂ?aam

Gidom A M GEESE S RBFERAE (100) AR 40T B
323 R

AR FBRAFE ARG ARl o el Ao ol

o] 33 oo pt- el B AR P SRR ada kb3
bed - SR R TR - ST R BRI R TR
i

4_\_)\
%‘#

'ﬂ\

gaﬁ:

Yo 34 rT o ek e el T2 g b TR
(£20 O A D S 2o A

bR R kB A BT R 0B 3-5 2@ 3-6 4pzpi ot
F)l@j};i’gg}]\ o

3.3 &K G

¥ ;' & 3 8 ek (Scanning Electron Microscopy » SEM)

Fhit Bk L81 TRIELTFH M4 05 ~ 30 KV e
&k E K

2

13

k]

GETRRETIEAL DTS R B eRBEETES D

4
—
)
—\
G

W

BoRTFARES - BEBREHAREY Y o F T ARy
FENREFNEGE s R IR F ~F iR~ FTHET T M

TH BT LERERTS B X b FRE S BEATS

g

s £ W pH Y gz X F F kA2 Pk (secondary electron
4l
~500 A fERp s AT F A FWEL DA AR ERT] 0 FLEE

V.N
ﬂﬁi

image > SEI) o d %+ = =t § 5 jic3 TFOTF N ARERFT A 50

32



AR FHGT BRI 46 9 6 A& (morphology) e & F A1
e SEM KA G -0 - SRFS A A ERHR T L85 MT T R
(Hitachi S-4000) » # * cndeid TR <] 5 25keVe = Z R v <~ §F§
TRERY P AT L BSF ST T Hks (JEOL JSM-6500F) - ie78

RE- R b @ TRE 15 keV o fed 2 4ep T & F

E

R ERBAGAE T AR ETRD 10keV & L Mt FH
Tk REBMEE R S b c BT L/ AT R
BER A G Ao K AR N T
k2 30 fide RFHR PN AL RERBEA9T (83 E
WALRBEE- RET Y &

g B s gr ’}ff Fleit Frd o

=

kg

R A5 AGRODRT

P R - p A amE Y kA /0 1

7 &3 7+ s (Transmission.Electron Microscopy ° TEM)
HRE I 3R ERFAGTE B R G HHR R Lo

e g %ﬁﬁ RIS RRRE SR A S
£ 5 & #¢ (mass-thickness contrast) > #E%+ %+t (diffraction contrast) %
P4+ +¢ (phase contrast) o § BL% 2% F (amorphous) HALpF - % - fE <
G2EF LR oa EA T LM B4 Qiﬁﬂ%%ﬁ”iﬁ%’ﬁ
V2 R T ST (selected area diffractions SAD) ke A 47 £ 48 % 4
Zoiklne m B fET R GR B EAP Y ke AF SRR Y W2 2+
% £ RER* P w35 Philips TECNAI 20 2. LaB, #% 5 % 5 3¢
T s v TR 200keV o

d 3% TEM BLBRLEE BEFLET I AT AT &@EY
FR G TEM A7 24p% £ &b hF %P e TEM A 47
MR H (cross section) FEF E A o HFE A FAR L G AIFENZ

FIB (focused ion beam) & f& » & iff 4 !
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Ly

AIVPET SRR AR ) o Z P aand o I A
¥4 (Gl Epoxy) #3325 ¢ fipL%ihg $HRE > I G 3FREE 7 ohd e

SRR AR Al e ST E R RAGRY B P R iR 2 TR /B
T TLSE L AT P T B AL R S Peid S LR RN T o 1Lk &
BRpE S R L R %f‘w 2%l Btetd (Hotplate) Fie i
LB RFAN R AT M A P b B Bl R R
FIRARE > R &=t * 180 ~ 400 ~ 800 ~ 1200 ~ 2400 = 4000 3iérpk i
FRIAD e EEbmE o FER AL AR R KR
Hoo Lo 4000 HLFT R i PR R KA ERAE 301 2 05 o
m PHET R A BT R ARG R DE G oo RIEBT R
B -6 L lick - 5 BEARA RS 0 R RGEET g
ok T GRT R e AR G KT B Pl

Ad €22 aeBkF? o el 3mm o P /S 2mm X Imm dF Tk *

¥

AB BRAEFIT T Bl ang P VO QL PR Y 3 300 & R Bl AL R R
Rl BEFEYS B AB Bigts o # BeAT DA R g R
ﬂ,% o BT RMIEN R A M (Acetone) Bk a2 AR ER Y &

e
N

PR B L PR R o B S R (Gatan Precision lon
Polishing System 691, PIPS) 2 j&z& 5 » # * double mode &k fg » £ *
FAR 60 i E 40 keV TinH 25~ 30 mA hEMF ABE > 4
5~10 min » ARGE ¥ AT B 0 Lere MR 4% 2 35keV TR
15~20mA shg 3+ > T A g E L o2 o mig R Y 1-3
min FEF T T LE AT 3 RS BE

FIB ;2% @ #

(a) BB P r g Hp > 28F B4+ (SOG) o P et 7

THERIpR > B R 2 (83t gl b 1L 150 Srd 90 4 48
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SOG *E B 5 034um =% o

(b) #irBL%B2Z RE > L7 SEM HRpE =% -

(c) #32®%~ FIB p > 2574 - & Pt £#T & (A Y 1.4 um)
”%ﬁ‘?$°ﬁ%%$¢’ymﬁhﬁiaﬁo&ﬁﬁ%anﬁ
VERRZ LR AR REYAERBRI GO LFEHT - BES
Z AP HES A HAERAM DRSO T o FEHFRT ERY

CFARMT kR R 2R BAF GRS BERESF -

¥

ot

- BERL 120nm M T~ E RS ABEZG A 2
—Hdm T R T AF A R BB RAPERER Y 0 e e BEL

PP gY (bending) i AEB Ao AP %K FFE Y EAE A 120 nm
NTSERXYE 20um 24+~ FANE 1O0um =4 e
(d) 7 &lfs g » & SEMaF «"13;9‘»5%'{%%%%‘*’? 4 ¥ TEM 33 57 s P
(62~ J BRCEEF e b diegt i R R R L 0E o
£ & k3 & (Raman Spectrometry)
$ % k3 £ 499 Raman  fe 1928 & pFig 1 2 & 4754 2 &k £ i
BHOLE AL R ST ER o AR TR 0 ¥ - Bk 1

S T B BiS AT KAk SRR A M SR aHE S A - R iE

Bao B AR A& Ed 3 rSER L TR Lo TR BT R 0 §EFFEY
At A G g A2 F R RE (vibration) 2 E %g# (rotation) ° iE
LR R VT TR A S g ie 2 S B W OLRLG ET H
GESA YT o MR HRRE T AU < F R T o0 Micro & k¥
% (Horiba Jobin Yvon - type : Labram HR 800) p i He/Ne 7 &%k >
A 5 632.8 nm o e (TpFIL b2 ok F B et (Olympus U-5RE-2 5 &
A B EF 1000 x) $HEEY o URFHEHELAREIR utm < (7

3LiE) o A8 K T4 % ' Laser: 632.8; Filter: no filter; Hole: 300 g m;

<k

Time : 3 x, 5 sec; Options: 1200, x100 - & & 3 (FTPF4F RN FL = 33 > 7 &
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Hole &3 % ¢ % Time 2 R & o & Rl e sl - a2 B %
ek 3207

R+ 4 B pc4t (Atomic Force Microscopy > AEM)
AFM -_ scanning probe microscopy (SPM) - f& > H Ri@ g | #

kB R EPIFFEEREY Ao niEr 4 (A - ot CFER
IRV SRR SERRINRIYS -3 $F . RURLE - E o P I SR
TG S RGBT L o 1T F SET ST 4 R iR
XA BTSRRI ’%J)\Fé%w viEdm B4 G ek
AR B ¢ At g W 73 o & i F % % 2 Digital Instruments DI

5000 z =+ 4 fF 4B pcsR o B dp BBV IT4E R (tapping mode) ©
3.4 LTIy
A BRSO G D s Rt R i B0 ot e
Photoshop #t 2 78 ik % #7{8 F4ik (SEM £ )<~ TEM £’ ik~ AFM 2% 1%)
B2 ~ 12 Origin 3 875k F Bl 80 %2 2 curve fit eha i
F oY RG LI SEM B3 E HOD o ft blpF ¢ *

- 7% 3 R 7F2 & 7 v (National Institutes of Health » NIH) #7#% &
2% 48 (http://rsb.info.nih.gov/ij/) » A5 Image] o @ = & & ff &
#4718 e SEM BIA5 ¢ (100) & 2 fpd$rt 4e 38 0 12 Image] B Exz.
&> I > 1 E 52 535 Image > Adjust > Threshold (Bl 3-7) # %
Process = Binary = Threshold (%] 3-8) ¥ ki » & {s & 17 (100)
f R BT H G fyo 2 ok B R AP B R IR o i Threshold e
Wi 13 B¢ e Analyze - Analyze Particles > &k TALE ¥ 03t
Fenfk xR BALE ¢ B Show hiti> ¥ E#H$5 1) Outlines &

F Masks @ ok 2 Rde o ot $ o d S RESL BT BIE i AL F
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B RAB G B (100) & =R BcEApRF > i ERRARF R
¥

o AP %Y £ 9E Summarize 2 KET - F &7 &% H HOD

5| (area fraction) - B 3-9 (a) 5 Image] Analyze Particles L% % [l
3-9 (b) #rAfldy g% o
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# 3-1 R4p R A2 S ¥ E

Heat Bias
Power (W) 500 800
CH,4 concentration (volume %) 0 4
Time (min) 5 60
Pressure (torr) 20 20
Substrate bias voltage (V) 0 -200

%32 P& ks sy pe pnl

Wavenumber Different carbon species
1150 cm™ Nanodiamond or trans-polyacetylene v;-band (C=C)
1332 cm’! Diamond (sp’ 4£.%)
1350 cm’ GraphiteiD-band (sp’rét.&)
~ 1450 cm™ Trans-polyacetylene v;-band (C=C)
1580 ~ 1600 cm™ Graphite G-band (sp° 4¢.2)
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LN DC BEN
HEFH: fed D> RTY D ACIBEN >4k
RCA clean (100) Si > V_O tage

time

345 1x1lcem?

A
SEM -~ AFM ~ Raman ~ TEM

B 32 & 47 2 in AR W o
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90 mm

12 mm
3 mm
3575 mm
¢ 20 mm )
o
S
—
24 mm
B 33 F&kpes—~ Bm -
20 mm
B M5
¢2mm
ISmm
24 mm

B 3-4 F5kpeE - B -
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Upper electrode

Plasma

Mo holder -

substrate
holder

N

Steel Chamber Wall

Bl 3-5 el = B ANAURIEHP 2T LR -

Plasma

- &

Mo holder Sample

substrate

\ holder

Steel Chamber Wall

Bl 3-6 fe¥ - ZEWF ROEMP Z TR B -

41



imager ST

File Edit Process  Analze Pluging Window Help

ol e »Fﬂlfl FALY=In

Segmented
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Calor d... Cirl+Shift+T

Stacks
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Crop

Duplicate... Ctrl+Shift+D
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Zoarm L

Lookup Tables »

=100 =]
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Sharpen
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Maoise »
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Suhtract Background. . Options..
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Analyze Particles |

Minimum Size {pixels):

E‘

L=
File Edit

Maximum Size (pixels): |999999
Bins (2-256):

Show: |Masks -

il

|_ Display Results

|_ Exclude Edge Particles
[ size Distribution

|_ Clear Results Tahle
|_ Record Starts

|7 Summarize

(a) 1k | Cancell

Threshold: 0-0

Count: 43

Total Area: 10,489 inch®2
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Areg Fraction: 12.5%

]
-
4 I *

articles 2 4 % & 38, (b) @?J:".L

=
et

43




1

)

Chapter4 %% ¢

d 3t RURMEL AR 5 & F 1 eh¥RAe (positive portion) 0 A
P ZHERITARI AP PEAPS A 4] [ ELRE TR
BRPFE = L gerayin S 42 ] & RIRRS DT R EBH UL BE
Bkt 58543 2 44 ] SRS Ao RS BER
2 F PRS2 HET W - A R DR P R R o T3
BIRg F kfEE 2 s Pk o

41 Mt RBRE P L HEE R

411 $¥&3

B OEAME L R A 2R F R P 0 U R R ] PR N AR
TR TGRSR DR BRI R R - SRR fRE -

KW F RN (Bl 3-5) T FRvt TREIIFHRIE LR
R B LR B R RENR LR ELRGI TR R 05
TAIERE P oo e d N HRNESIk B AHEG ARy -
HA AP RRROFAVERACK > A ARG €3 F A T DB R .
Bl 4-1 7 SEM 2 AFM B2, B sc PR B fs & 6 i 8 %) enfFim o
AFM B254 71 2 & fed A FE 5 3nm(RMS)em { Fl 4 SHEFA%
ek AR R R Sl 8- WS AT RBOHE FET oo
P m P HAET I LT A EL LA PRAAR L AR P

RS e 0 P S flichrd 4-1 424344 12 4 450

Bl 4243 2@ 4-4 »w]EEF 12 NEFEF 3 9 SEM £
oA A PR e 22 Y S¥ch BEN R AT 4ccniB R L F A
F100 Ve 3@ 5 1 235 2 ABBREY RHRIEAHIESRAS 9 5 20
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mm £ 15 mm> & SEM #6017 F Ligd Rl m e G A
TTRRLAUP AN (100) 6 i @il GEE d P R EE S 3
LR THRIEAMAF R F Smmo ktsd SEM R 3E v
Pl 1.8x10° em™ gt P A o d U RV T RIEA M IR H
FrrPmARPTLE-

TS E AFET 4 (B 45 2:3% 5 (B 4-6)s7 SEM gz»
ST EDIEE o EY 4 235 5 4 BEN FEE AT RER L3
% > BHEL S 4250 Vo HBREEAS BFEF 4% 20 mm £ 15 mm o b
B A ERRELE 20 min PHBRBRIPEUESE 1 % PRER
30 min L 0 FIRFET 4 (FEL TR 20 mm) R G LFOLET 2
(Bl 4-5(a)) > Ap ¥tz s S(EL T 1Smm)A] G B 3F 5 40T <2 ()
4-6 (a))e e FFF so d T IRBEEFH L H 3 - X 2P a3 B 55 SEM
BT R T ¥ SRE (cauliflower) 975 (B 4-5 (b) > B
4-6 (a)) °

DRI SR SUR IS R g PR Sl (e
Mo iSRS E M E R PR B S A R
WHEFERBBRRAHBETFR LT GlAeimR A 21254125V =0~
250 Ve S BT R R R AR RR DT BRI o ¥ Rig- o] &
FE? FABRDE > d WAV RO EU T TRAPHEAMD T L E RE
wT 1]3:;4 PR F D R ARG R SRR A A AR T

HE 5 oW 47 51 RARL OFAUK R 48 5t BUES SEM 4

42 M ERBRE TS LT R

421 S8k
- J“-ﬁg@%’%ﬁo l?_ _,J\é—‘ﬁ]}lﬁ,n}%jéulﬁgi ?vfg&ﬂ,é_?
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1R AR R e kR 322 ] & TR A R 4P AR 1T dp Ak
P RN EF R E %R (AoB] 3-6)c st &L & P
PE BN REDERG L BRE SHET S I E ST &R
VLo g i * — Jé;’i’é'ig%‘t‘ AT e R S8k (B <) 200V & -250
Vi 9% ER 2% 3% 4%) kBF-2% 6 1 15 L8 ¥FRxhi
Hchod 4-6 2 £ 4-7 o
422 3 HBEEH®
Bl 49 P 23 #FPHEL 6 1 11 22 23 HEET RFDBHREET
R R A PIEE LS F L 1% 07 kR A fSF 60 min PgRT e
ERpE e Byt BB Y AR PR RN AR PR
SR eFET 678 AW[E L 4%~3%~2% 1% 250V i BEN
FEE s #5F 9~10~11 & wld 0 4% ~3%~2% 112 200V i BEN
FEEL o %11 200 V 2 2% P wmiR R VR BT SR T T 2K
HEF G v B TR e R A Sl oo
Rypret > #4200 V BI2T% Y b G BRI 2 B it S8k o B
4-10 3 B 4-13 Pl A vigfe s d enddes B #ER 17 min > 21 min ~ 23
min % 25min S BBRER 0 000 fEE R BRATR Sk G ER
LEoB 4-10 3#F5F 12 2 k=¥ 2 250 SEM 2 47RBl-:# 5 12
BRPFERE S 17 min > B 4-10 (a) £ A4 4F7 %7 < g SEM B >
7 B 4-10 (b) ~ B 4-10 (c) ~ B 4-10 (d) A & T pEde? <2 | mm -~ 2
mm ~ 3 mm 2. SEM ¥ i # % 12 (-200 V/17 min) *# « B0 (100)
HOD %5 29.2% » i & 4k Image] #73- B ez 5 5 (100)
B2 emd pte BimE o SEM BIABRET F IR E FIFEREY
s BE 2mm 0 (c) R BTG (100) chdy w0 e FEY S B 3mm 0 (d)
R ARG (100) st F o U RBLEELESI FHo )ﬁn\ (e)
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B> #RAPT W TR ERHE AP BF S FORBEILYE 4
mm e A) % ok iR DR FI S 4 A 44 ) &Y L RGHE o mA PR
=\

oo iB/R 17 min {8 £ 5 60 min FEYLITE RN 4

bl
-
m‘v
)-;x

(=1
=
=
H—
\“J\
Ju

3
mm P hk G A REIDG o F ST 315 B AR T TR G R B
Bl ehge BP0 o lp R ehiF 275 @] 4-11 (% 13) £33 % /& 19 min
22 60min = £ ¢ SEM % & Aj 501 2 p RPELF RS ¢ F o 40T TR
JiER T g HOD W 6|7 i 28% 0 ¥ P gt P S HiTE [T
4 mm pehdag BRI o B 412 GEY 14) BEREBEF L 21
min » 487 Rk ¢ o HOD v & 7 id 12,6 % bty GHERE
o RPERE 2lmin & { EEFRF Y > R R iER Y vk
B AR e ABAIRFL - (100) & o fF 0t S8 S e i R L e R
PR o Dy Mg RRERE T L T ORI N B Rk R R A
- (B 4-12(e)) > * I 2B it SEM. Boifs 7 3P ASEREiER P o
X2 mm e HEF WA G RIS a5 TP 0 i (100) & Sk o 2
R LS HOD 2 3954k ¢ 4 dia cn@ 8 - B 4-13 &Y 15)
/R 23 min 2 3F 5 o BokiErz ¢ w gk HOD w65 5 125 % >
2% SEM Bl kA R B HBRERF L 21 min 235 14
il o p AT L B BIRR RN R R S ) edgE -
200V OFRER S PRk R 2 % TR PR BEN
R SRS 0 WINTAR OSET R A R S 17~ 19min 2 F i
Tl B 7 HOD 6] P i a3 B o

4.3 é '5'7@ B g ﬁ)@k’ﬂi%@ﬂ: ’}"*":,,\: ﬁ},ﬂi
431 $8m

Bip— MA T % o K 5%@?5@?1[3‘.%. °
FRYFERpE - (et TR B 3-5) P Sl G

\\\xr
)

&
3
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HREREH B LT Gt 2 pend 4o 550V 2 2L
PR Se RAhe o f BB > @ BRI T RES ] AR -150 ~
S0V 2 BEF (-100£50V) o 3w fdcded 4-8 o

P FHRE - (B TR AGAL B 3-60F > 1B E H
AP RGET kit Sl AL T e PR R A R
g RRREF R E SR R e IR e Sl £ 429
B A 4100 AipIEA Y F R B SHY B Il 7 R

%‘%’i;ﬂ""\%% =N ‘f_)_ mﬁ =;| o

H

M

HAE 49 T2 Sl B EA T G M AT BBRIEG S 5 0
BRI P d W AE I BRA PR R E 200 Vo &
(3 e P b R R PR RE (R R ) 2B B B R
B 200 Vo wt 4oz 12100+ 100V 7 TR E A 0~-200V 2 FRT o
1352 %ﬂ’wﬁm%@ AT R AR ) S - R R
[21]

P ARAFEHRY G RinBERT 0 % 68 min (200 V #HR

“'J’J'

22 17 min i =) 0 e @ Ek{s BB R FRAZE 120 min friv R
FURMET N o Bil { MRRE B LR 250 Vo BBREFFHED
YA R R Y TS R e gt e R BRSO A B -1252 125 V (G
217 HRPER 80min); -150+ 100V (& 5 18 0 #%/RFEFRF 65 min) ;
175475V (GES 19 R 40 min) 5 20050V GR Y 20 > kR
¥ 19 min) o

% 4-10 P EZES 20~21-22~23 12 2200250V #as &R s
HRPER A S % 19min > 21 min > 23 min ~ 25 min # BEN #93%fm 48k
20T R A S RSO RE T TR R oo

432 FEHBELEH

# 4-8 B 4-14 GEF 16 -100£50 V) 45> F skpe k- & ?
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PR E P S R EP A RS D 2 SEM 4 &
VP BE P FAIPBAERS R &HG TIRA RN G 5L PR
Food WRKEERF G L UFHKRE - BRI FFS A RRNS
B3 5o TR ABIEFOTEN R AP AM L AEF
Mg T A o
BTAPRY A4ht TR FHRRES TS 23 Fhf % - B
4-15~4-16~4-17 » | B2 % 17 & -125+125V 80 min~ & % 18 :
% -150+100 V65 min ~ 325 19 @ /& -175+75 V40 min {5 5 X &
60 min T GET 0 B EEY AR 0 SEM 4 G )G 0 U E 4
TG AR T s R T LR 2 BRiER o d TRRiER g R
T ARAR] o fﬂ;'ﬁa@{i&x”r “ DC bias PF > F ki X endic g f 4%
o E R R BIAR S TR IR RN Bl Y AX % o G dEF eh SEM
Fifn T 0 2 23 2R RER? SIIREEPG 20% < HOD -
F AR PE N R A 0 pulse R L | RAR B2 R
B RS % 4B 4-18 ~ 421 #1759 B 4-18~4-19 ~4-20 ~ 4-21 4
L E 2R A 2021-22~23 9 SEM % & A5 A 17 Bl R iR A F R

\\\?{r

R B R gA W E_ 200450V i B <] A B R 19521523
25min ¢ BEN- ¥ d &35 (o) BlF Hw i Bk i s 4p
FAEO O P Bl R ) A RApRLHES 2R (a)~(d) )
W mEERIEFES A 4 mm EEFERPFG R (100) % G A
Bo it 200250V ehifp B 4 [ {7 19~25min 467 % BEN - £ 5
60 min % &7 F 4 mm ESFEFIP D DL T AE Y 20
21+22~23 @ wwghin HOD 4 8 5 27.1 %~31.9 %~ 28.6 %~26.4 % -

PG R T R RBER N PG RBRLIEE D et G 5]
ST WP g kI LG P REGETL 0 f R RBE S PO R F
Bobe P RE BT A G AR Y AR GRT e A R RIB S i
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% HOD * Gl4E7 il R & F (19 ~ 25 min) PP &9 2 i BEN
(17 ~19 min) =+ o ig38 BELF 120 QAT A PFRF 404 enFEE R - 17%%
Pl AR B E R o

44 B imgran BEN 2 v gt

5 2 HOD # #

PR R BRI E S 0 HOD b bd % Rk iE RN ]
i%f‘ﬂﬁx"‘i%@:o % DCBEN kA2 200V ~2% 7 =2k B ik
RPEFER 17 min > i'«f?%:‘?efg? 1 % "% kR ~60 min £ (£ 47> 3%
12) ) 7 MR R B E RGP Biple ¢ FOFERELYE 4mm <o) oo
THBI Pk SEM Al RS P A R R ETEL P A4
(B 4-10)> 7 ¥4 4 mm $#EP G BEEIGE (100) &Hd o s
DC BEN * & =& .8 /= domm =B P} 323 <hgez % - d  SEM

-

o
-

BEREVFEIAY EBEHOD ol E 29.2% o
Mgt Sl AA#H R BEN-Gf A B R EL ) AT kP AT

@rlekid 2 8cE 200150 V2% P MR R HBREFRF 21 min o Bf
BEE 1% "%ER ~60min H2XE (£ 4-100 P 21) - a3 B
% vd p 2 SEM ¢ BZFI A 4 mm RPN 53 PYET I  ER
2 ¢ HOD &% 319 % (B 4-19) > 4p# b it DC BEN 7 HOD
Ll E 292 % (B 4-11) o

Aol gEEy 171819 = 2 $¥c oL = ® 48T & BEN pFig #
F I A2 ARG RUEE s R A B 21251125V ~-150£100V 1/ %
75575 V (R 4-9) 0 i3z EEE P LR T LR T UEF|F 4D
HOD & (95 20 %) fedp Blendk iz X @ FIrp B (B
4-15~4-16 ~ 4-17) o FF I /BRE B 4e + BIFT E2 & 2303 1 &

SHET
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Folig g AR X ) Pla J9 @ Evk B ch HOD v blofa e & 2 % 5 4% 3
G AR R PR G LR RBR AR AR D e MR
(EEURCY

de b A AAEZ S

B43 ) E? RS g R Mo R UNIMEAY B N BB B

= % ]w%{gﬁbz.ng*:rﬁ%fgfﬁﬁ‘*%%]ﬂ? B < > @i ™ 0 AR PR
FAFERR oM BEARE S E it e R R e AZ & HOD Bt i

T aFRS O AFY 12 (200 V/17 min BEN) % @ P 21
(-200£50 V/21 min BEN) # % # w7 Raman k2 B Fr# b )1 (8 oo
br L GRANEET U sp” et FA L FE KGR 422 T LA e S v
& 22 Raman &2 @) #o H #1332 em'! li@’F’K’ﬁ PR MR sp’ 2t

gofe Rt 21 @Y 1580em . Aath T M4 sp’ i B

NS

LOfELAMER AP TR PR &% - BRGF L R
Bz dched 4-11 (3% 24) - i $8ikc i -2200VE50 V/21 min &
BEN FEE (517 21k » 3Bl LR E Jn b 4e 2l 5h & BEN P ts
ST R HEE PEALE RO - B R R e

Bl 4-23 2 [B] 424 % Y 24 2 ¢ o m % A AFM B
oo He ¥ LR PR IS ) 9 h 30~80nm 2 B 5 1A F AR
& 100nm % % o B 4-25 R E % P ariv2. SEM B i S
FRAE YL 25x10"0 em? s H £ @ ARy i AFM 47 B st
Too#im iptRing S g - M AT L2 BN HE IS L L6 A A £
AN B 426 2B 427 Y 24 A BAREE2ZFER G TEM 4
170 A& Bl 4-26 (a) 2B 4-27 (a) e % BT, (selected area

51



diffraction » SAD) ¢ ¥ L 487 {111} &2 {111} 2 SEsdghpt 7|
WARR TR R AT PRSI Y A G B M R ¥
e {111} SESPRER] AT E MGG 30° 2 5 0 BRI ERP ARG
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%41 %P 1 2 fdck
Sample No. 1 Heat Bias Growth
Power (W) 800 500 500
CH4/H; (sccm) 0/300 12/288 3/297
Time (min) 10 2 30
Pressure (torr) 20 20 20
DC bias (V) 0 100 0
Distance from
electrode (mm) 20 20 20
% 42 e 2 2 %#ci
Sample No. 2 Heat Bias Growth
Power (W) 800 500 500
CH4/H; (sccm) 0/300 12/288 3/297
Time (min) 10 2 30
Pressure (torr) 20 20 20
DC bias (V) 0 100 0
Distance from
electrode (mm)t 2 k2 20
% 4-3 32 B i
Sample No. 3 Heat Bias Growth
Power (W) 800 500 500
CH4/H; (sccm) 0/300 12/288 3/297
Time (min) 10 2 30
Pressure (torr) 20 20 20
DC bias (V) 0 100 0
Distance from
electrode (mm) 20 > 20
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C 2
Sample No. 4 Heat Bias Growth
Power (W) 800 500 500
CH4/H; (sccm) 0/300 9/291 3/297
Time (min) 10 20 30
Pressure (torr) 20 20 20
DC bias (V) 0 250 0
Distance from
electrode (mm) 20 20 20

3045 #5052

Sample No. 5 Heat Bias Growth
Power (W) 800 500 500
CH4/H; (sccm) 0/300 9/291 3/297
Time (min) 10 20 30
Pressure (torr) 20 20 20
DC bias (V) 0 250 0
Distance from
electrode (mm) 20 15 20

% 4-6 =5 6,7,8,9,10, 11 2 $#c#

2 7
Sample No. .
6.7.8.9, 10, 11 Heat Pre-C Bias Growth
Power (W) 800 800 800 800
CH4/H; (sccm) 0/300 6/294 |12/288, 9/291, 6/294| 3/297
Time (min) 5 60 20 60
Pressure (torr) 20 20 20 20
DC bias (V) 0 0 -250, -200 0
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% 4735 12,13,14,15 2. %#c 4
Sample No. .
Heat Pre-C Bias Growth
12,13, 14, 15
Power (W) 800 800 800 750
CH4/H; (sccm) 0/300 6/294 6/294 3/297
Time (min) 5 60 17,19, 21, 23 60
Pressure (torr) 20 20 20 20
DC bias (V) 0 0 -200 0
% 4-8 FEP 16 2z %8k %
Sample No. 16 Heat Bias Growth
Power (W) 800 500 500
CH4/H; (sccm) 6/294 12/288 2/298
Time (min) 10 5 30
Pressure (torr) 20 20 20
DC bias (V) 0 =100 0
AC bias V/F
0 35.4/60 0
(Vims/HZ)
Distance from
20 10 20
electrode (mm)
o 4-9 F% 17,18,19 2. %84
Sample No. .
Heat Pre-C Bias Growth
17,18, 19
Power (W) 800 800 800 750
CH4/H; (sccm) 0/300 6/294 6/294 3/297
Time (min) 5 60 80, 65, 40 60
Pressure (torr) 20 20 20 20
DC bias (V) 0 0 -125,-150, -175 0
AC bias V/F
0 0 88.4,70.4,53.1/60 0
(Vims/HZ)
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# 4-10 3¢ 5 20,21,22,23 2. $-#ci

Sample No. .
Heat Pre-C Bias Growth
20,21, 22,23
Power (W) 800 800 800 750
CH4/H; (sccm) 0/300 6/294 6/294 3/297
Time (min) 5 60 19, 21, 23, 25 60
Pressure (torr) 20 20 20 20
DC bias (V) 0 0 -200 0
AC bias V/F
0 0 35.4/60 0
(Vims/HZ)
% 4-11 Y 24 2 fHcd
Sample No. .
Heat Pte.C Bias
20,21, 22,23
Power (W) 800 800 800
CH4/H; (sccm) 0/300 6/294 6/294
Time (min) 5 60 21
Pressure (torr) 20 20 20
DC bias (V) 0 0 -200
AC bias V/F
0 0 35.4/60
(Vims/Hz)

60




3 4-12 BV % E E R SEERE

#FP | Y324 /| BENCH; | BEN #/& | | BEN pFRF Growth PF /¥
Bl | FEF (mm) | ER (%) (Volt) (min) (min)
1 0/20 4 100 2 30
2 0/15 4 100 2 30
3 0/5 4 100 2 30
4 0/20 3 250 20 30
5 0O/15 3 250 20 30
6 X 4 -250 20 60
7 X 3 -250 20 60
8 X 2 -250 20 60
9 X 4 -200 20 60
10 X 3 -200 20 60
11 X 2 -200 20 60
12 X 2 -200 17 60
13 X 2 -200 19 60
14 X 2 =200 21 60
15 X 2 -200 23 60
16 0/10 4 F100=50 5 30
17 X 2 -125£125 80 60
18 X 2 -150+100 65 60
19 X 2 -175+75 40 60
20 X 2 -2004£50 19 60
21 X 2 -2004£50 21 60
22 X 2 -2004£50 23 60
23 X 2 -200£50 25 60
24 X 2 -200£50 21 0
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% 4-13 Fitting parameters of D-band and G-band of the DLC film
deposited at different bias voltages"”’

Sample Bias Peak position Peak width R (Ip/lg)
number  voltage (cm_l) (ecm™1)

V) D-band G-band D-band G-band
DLC 14 —150 1343 1597 186 88 0.742
DLC 12 =200 1355 1605 104 108 0.393
DLC 15 =250 1353 1587 226 91 0.239
DLC 16 =300 1410 1598 244 66 0.586
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B 41 §pcf THREFLCRFESZ AH £ 5 5% (a) SEM, (b) AFM
(Rms: 2.786 nm) °
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B 47 AP GEREUAE > b T ROTIE L R

B 4-8 F RiEfF2 SEM £ & 3447 o
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B 4-9-250 VBEN : (a) 4 %, (b) 3 %, (c) 2 % ; -200 V BEN : (d) 4 %, (¢) 3
%, () 2 %3 & S%s B 5 (2)6,(b) 7,(c) 8,(d) 9, (e) 10, (D) 11
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-100

1110cm™  1332cm” 1450cm”
. 1380 cm® 1580 cm’
3
S
>
K7)
c
[¢D]
j=
1000 1200 1400 1600 1800

Raman shift (cm™)

B 422 % 12 # 20 4P 5 Raman 3 #R) -

1

J

- Section Analysis
L 56.641 nmM
RMS 13.501 nm
lc DC
RaCle) 2.074 nm
RMax 10.485 nmM
Rz 10.133 nm
Rz Cnt 2
Radius 86.936 nm
Sigma 1.005 nm
B 0 éS 0.%0 0 55
Ly Surface distance 76.737 nm
Spectrum Horiz distance(L) 56.641 nmM
Uert distance 44,629 nm
Angle 38.236 deg

Surface distance

Horiz distance

Uert distance

Angle

Surface distance

Horiz distance

Uert distance

Angle

v Spectral period DC
DC Min Spectral freq 0 Hz
Spectral RMS amp 0.0002 nm

Bl 4-23 # 5 24 (-200%50/21 min/without growth) 2. AFM £ i o
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3.00 200.0 nM

100.0 nm

2.00

0.0 nm

1.00
Digital Instruments NanoScope
Scan size 3.000 pm
Scan rate 1.001 Hz
Number of samples 512
Image Data Height
Data scale 200.0 nmM

0

0 1.00 2.00 3.00
1]

-4

out growth) 2. AFM %

82



) |
B 4-26 3% 24 (-200+50/21 min/without growth) z # # % TEM 4
#7 =% - (a) SAD, (b) ™% & image, (c)® % 5 image °
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‘sic 111
(a) ®

B 4-27 @ % 24 (-200+50/21 min/without growth) z # # % TEM 4
7% = (a) SAD, (b) & & image, (¢) % B & image °
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B 4-30 2 FIB #] vz % 21(-200t50 V/21 min) 2  # % TEM
& 45 (a) #FF 2. SAD, (b) Si Atz ¥E5+R4), (c) BF 2 DF
image °
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Chapter5 %#%
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