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Abstract
This thesis focuses on growth of (111) homoepitaxial diamond films

with embedded silicon-based quantum dots (QDs) and analyses of related
properties. The first part of this thesis deals with SiO, film deposited by
magnetron sputtering, and the evolution. of SiO, after treatment of
hydrogen plasma. The second part-emphasizes on Si-based QDs, which
are transformed from SiO, after diamond film growth. Properties of CVD
diamond film and silicon-based QDs are analyzed and discussed as well.

First of all, sputtered SiOy films were obtained after sputtering a Si
target with Ar plasma in high vacuum. The films were characterized with
scanning electron microscopy (SEM), energy dispersive X-ray
spectroscopy (EDS), Raman spectroscopy, photoluminescence (PL), and
X-ray diffraction analysis (XRD) for crystallinity and chemical
compositions. The SiO, films deposited on the surface of single
crystalline diamond (111) substrate exhibited particle-like morphology
after hydrogen plasma treatment. The particle size decrease with
increasing the duration of hydrogen plasma treatment.

After growth of CVD diamond films, the amorphous SiO, quantum

dots (QDs) around 4nm in size were formed and embedded in diamond as



shown by transmission electron microscopy (TEM) and scanning
transmission electron microscopy (STEM). Also, TEM and XRD results
show that the deposited diamond films in homoepitaxy are grown through
epitaxial lateral overgrowth (ELO) on SiO, QDs. The quality of diamond
films was slightly decreased by embedded QDs; however, the QDs have a
small but significant effect on relaxation of film stress which may result
in formation of cracks in diamond film in thicker films than those grown
on substrate without SiO, coating. Sub-angstrom probe STEM-EDS
analyses reveal that the embedded QDs have a composition of SiOq6. PL
measurements show that the emission peak from the QDs exhibit blue
shift in the wavelength range of 510-536.nm, with the decrease of the QD

size due to the quantum confinement effect.
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30 H & 487 (100) ~ (111)2 (110)= B & m cP8EF 5 > 3 R(111) 5 3
G AT R g AR R e d B ST HET R G R
[17] > & Badzian % « 35 & (111)6 4e7 = £ 427 > 2 S ¥ &
(lattice constant) ¢ % ¥ ~ R FFR @ B S o 0 5 407 HehPt S 5 R
Frodhram R Bl Ao AN LR EIMGEERZ S MY
Fh s o @ %5 %35 chder 18] -

AR K MR ELPR IR, LR

% & 5 (100) & ﬁ;gbz > F& &+ o0 g g (hydroncarbon) £ § 48R
£ A B3 o (111) 6 HoF M Ar o IR PIRG4S
P deB) 214 o3 [19] R A KD F 5 hF R FEPE
% orid S bk fne 300 B fRMEE W04 A5 0 Mermoux K3 -

FIPET Y RIE T % 0 0 B 215[20] 0 AR A R AR R T R
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PHCEE GURE R B RAAE A B D HPE T4 B ORE B 20

o kor AP A e R4 (compressive stress) » @ #EF A & X 3R i

4 (tensile stress) o — AL E F =+ & (111)F F & S 407 0 < 3] Sum

Edid »F VAT A ARES

B

TEALHARJ A4
[21] » & 2% i AR R RS A e S PR R [22~24] -

Bl 2.14 47 "R P i [19] -
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I ! 1 ! 1 ! T T
1340 1335 1330 1325
Wavenumber (cm™)

T | T | | T [
35
8
£
7]
=4
2
£
A S I I B U PR BPE -1 I0.1- %)=
1310 1320 1330 1340 1350

Wavenumber (cm™')

1 2.15 (@)K £ 8 %84 7 (110) 5 457 % (10um 5) (b)¢d ()45

Denz AR [20] -
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244 e iR X &

0 fRAGER R R AL BB N1 mask £ 4EF R (7 R
A RS e Ble 2L RS BT F “45 ¢ > Nam %
A g tapenflare > 1% SiO, § 17 mask it {7 f]w = & (Epitaxial
Lateral Overgrowth > ELO) » 4[] 2.16 #7757 [25] » # 3 »c"% M L %
B > ® =& 4 Roughness i 0.23 nm 1§ i 45 & & & % > Yun & A R
EA1* & SiNy s mask » 4B 2.17 #77 [26] » Fr4] 2 & F] 8 um
Filbap A enBA .

B E P o 1% mask SopieE K R T Bt MEE E
%o 0 Ando ¥ 4 & 4% Ir(001)/MgO(001) + = £ 47 v 17 4%

) pattern £ FRw S E O FRESTLF L RIS EET > Bl

vl

Er it 2L BEELZIGR AL F 6 Ko of] 218 AT
[27] > &(111)m #EF %> o > i 2 é}f;%yz A BAREE K &k aRm o (111)
wHEE Y 0 BiEdeR 219 frr 0 BEERIRT R OR T EHEET

5 G osndr | gEE S A hA 4 [28] -
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Overgrown GaN
Layer

Si02 Mask
(0.Tpum)

AIN Buffer
6H-SiC (0001) Layer (0.1um)

B 2.16 12 SiO, % mask = & § - 45 %% [25] o

Bl 2.17 vt fit & SiNg2 § 4 A 4 hR A [26] -
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(a) Growth of Ir(001) film
Epitaxially grown [r(001) film

ﬂ] M;0(001 ) v

(b)Ton irradiation
(Bias-enhanced nucleation)

CH//H, Plasma

lon-irradiated surface
————

c) Resist patternin
(© p & Resist masks

M-
— ]

(d) Ion beam etching Ar
using Ar gas L bbb dedesdodd

‘l /

(e) Epitaxial growth of
diamond

CHy/H» Plasma

Diamond

B 2.19 A Bde3 f &aagim s (L11)5 407 %Y TEM Bifr 2

Bn Ak b4 [28] -
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25 FEF Bhenib TR BT
FooR3 A 14> %A 2329g/em’ s 521414 °C o G o 2 % R

(Face-centered structure» FCC)» & & % #ic s 5.43 A @i i i 1.12eV>

hd
W
Wy
[l

FoWGehad o L TRLKLER HETF RN

-

BRF TN BB EAEL § AL Foh B &g R AL

—\

A ED R A & 5 S (Phonon)a) 58 3k > g K an S A 4o
CApieRpenE e L HR o

TEKRREE KBS R F BRI BB B TR o A7)

B3 B ftanz % ) 30 f Kk £ (Fermi wavelength) > @
e R JL%;«ﬂﬁ,}lﬁp,m};}m?‘}d}‘“ﬂ5nm d323 A3
LY i@ H X P A S B MR (Quantum confinement effect) i€ 4

B ABH? FdEa F RS RTF PA RF N PE 0 4B 2.20 #ron
[29] - § # 5  2 £ 3 BA P R g%~ E_i o 3k
FE KA %ﬁﬂ e #E S Bac A F A 1.5-3.0
eV o iotk A E Y L LEDRP B n# ~ 2R E g
pEw rpE AL R AT G R B e e &

5+ Ben@l i 23 L 53 92 (chemical colloidal method) ~ &
724 %] ;% (lithography and etching) £2 #.:3 X ;2 (annealing) % & > 2 ¢ #

ol gE r - B F 4p it ff (CVD) & & 4 (sputter) » £ 123§ § eni@ X
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(annealing) @ # 18 tHE - ¥ 3R AR

lt‘\ﬂ

+ 8L o Zhang % A MEFR
& & p-type(100)# & [f]1 F it A SiOy & 4- ,;‘gg} g AT et b
Y €53 A R tawES B SRl 221 fr7 o £d A R
A2 F R B2 AT VPR g g Sk enA 15 4o 2.22 “7r [30]
Bz ¢ 180 cm™(TA band) ~ 480 cm™(TO band) = i j& % % p 2£8, # &
FEh Mg E 3R d SiIOEF SR iEg o
0 SIOGEEH AP 2 VTSRt M| a0 SIN
Y G £ 5 2k Rodriguez & 4 A SiNGCl E3? # % w7 £ 3 2L >
1A e ciNHg w8 s % 8.5 8L < <0 4o 2.23 #71 [31] - Botti & 4
AU 2 % S ges B 00w § 5 ot & 5 B < B2 3G Bl

T
% o o) 2.24 #r [32] &;'—r;fﬁd Ve s dp R 38 v F

=

B3 b ek R K k3 (PL) -
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Energy Q-s1ze particle Semuconductor
2 molecules

"
Conduction i =
2 i i —
Csm—
T \—
Bandgap Bandgap Bandgap
- p—
Valence — —
— —
band = —
— =
\—

B220 8523 @6 4B [29] -

B 2.21 Zhang * * 4% SiOx F -5 8 [30] -
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[—— as-deposied

€ —— as-deposited

— 40 < ——400°C

—T00 "C A —— 700 'C B
— 1000 °C

Intensity (Arb.Unit)

Intensity (Arb.Unit)

PR [ T R NI ——

I A I '] L
100 200 300 400 500 600 TOO 100 200 300 400 500 GO0 70O

1 1, 0 o, 0 s 1

Wavenmuber (cm™) Wavenmuber (em™)

B 2.22 Zhang % 4 % SiO H ot (77 o FERY T 1 chd § k3 (A)

SiOgg ## # 2 (B)SiOy4 z# ** [30] °

(A) 50sccm > (B) 100sccm » (C) 200sccm » (D) 300scem [31] -
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215 H—e—
? —— .
® 210+ ."!;—-;_,._%. !
= \
= \
@ 205 | b :
L \
2.00 |- \
i
1.95 = ® |
| | | | |
2 3 4 5 (3] 7 8

Average particle diameter (nm)

B 2.24 Botti % A P & £ 3 21 < 2 H i Mookl % [32] -

26 F3 s

B 244 &9 JFZ O ERHAID) 5 go7 o A G ded] ek
oA mager AE 2R a1 4erwd AT B4
B gpAp i eniEd > WEIILE LB &F A1) ST B A
25 & ¢ ®{ I FRFFHDT NI IR EF BT F BUR
o dPy P AL FERERELF ST IR T ELET R -
G e RGBT R - 25 I g R E G R

R LR B S 4  R ) R BT
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31 R &AL

AFHRIR LS G Z XA 5 - MRS AFORE e FH LY
i 2 R AE A G B o AARE - CVD 457
2 Af i * LEKW 5 KW et T % 1 & f 4piwf# % ¥(MPCVD)-SiO,
BT O g iy iR 4% (Magnetron Sputtering) o % = 81> & A F

SR R AR RE o

3.2 HPF g

AR AR OE S 4EE A S FACT = & ¥t eeh YK-9L
A b § A dder >t 95 1mm’ deB] 3L A o d i
EARHTZBEFR2US > BRI - R ZRFTHRDER
Mo Bt P r v FREPE c AOM TR A R 2 &
A58 2 & A58 P en(111) % 0 @ 22 A2560(100) 5 0 do ) 3.2 AT o A
%ooe b d 25 g (amorphous carbon)fe B i 4 B A G m £ R
TR RFEALE L ORR JER A2 2B TART AT TR
B I F & o
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F32 F &467 7 k &5 OM i (A) (111)5 - (B) (100)# - (C)it

Fa s idow o
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3.3 #e% cphik
AP er S HPHT 407 > s 45 5 748432 20

B frpiRe iy CRRE LG H AT

(1) 12 1: 3 5 HNO3/H,SO, v B e & 20 ml chsg feia ik o

(2) #-5apkip e D 290 °C X Zie 407 = - 2 48 o

(3) MHPr B T MY AR AR s A0f A G AT R

(4) #HPE B30T @Y AR A RF LA A F RS AT D o

34 ME TRHYPT LEF L

- ’jf;'a "3 'f,fﬁ:?‘t:e o ZE R E AT R T B
E B G ¢ B REET AR TR it * 1.5 kW MPCVD 1
oo &2 400W-~700 W~ 1000 W = #&7 fo 5 F i 7 - /| PFeng §
$ASL o WAz A5 Hpo it ® 300scem B4 10torr o 12 AFM $3#
P ERo BB RIEw (s ehEk e RMSekE R 4ok 3.1 %751 > 700 W ~
1000 W # % S fic¥t 4 o ch&h %] i~ R3S F A > @ 400 W e
BL i iR G AT g > e A S 400 Wit - L PR T R

T L T R g T E
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231 & BT B E LT A A 6 RMSae %1t

400 W 700 W 1000 W
FedE T e kR 31.02 nm 24.11 nm 15.23 nm
I (S ek R 24.71 nm 31.63 nm 20.81 nm
S -20.32% +31.12% +36.84%

35 WAARE:

ol T Jf@m (s 18 (7 IR4E SIOX & AR ﬁﬁb% BT fi B 4E SIO, R
R4 1Ry R4k (Magnetron Sputtering)ie = - @ 4EF T AR R A
R Ap Ak iz (MPCVD)ig 70 4™ 4 5 & Az iR E 2 &

R AT

3.5.1 B4 (Magnetron Sputtering)

AR HEr AST o 2 e9Psur-100HC e mdrimsg c % 2 2 B
5x10° torr - @42 % 48 5 Ar> ¥4t 5 3 =4 (100) p-type # & [ o S s 4
FEestris o FIWATEDENZ 3~ £ 0¥ o s fiet /AT 5 B4R SIO,

A e i r SHIF RF e ke AT T B Y

b

S
MR TR RT AL ArR R T - R RS e AT

i e o Rz R3S A F A bhE L o 51 RBRET X



http://airp.org.tw/iars/95_Ebeam.htm

ik + 3 L % o mobility 2 @3 { B &5 SiO EH > EARR LA
550°C » e iFin A7 40T -

(1) B 23y > #7238 T% 3 5~6x10° torr o

(2) @ @k k18 17°C > heater ;§ /& 3 % 1 550°C » #¥/F 30 ~ 45 -
(3) =g 25scem il ~ Ar F 88 0 FF R B T

(4) PR RF- 2 5 50 W BhAS R 58 B P A4 i e 41 15 » & -
(5) R Fhtr > B4Rz -

(6) ez > BBFF 2 heater> FT " 3 FEBNER o

B omiER el o X E AFERREID FH o L R Y
o RwedE BF] R EH SR SIO EZ B K R
Flt ¢ Fendhpk Al 7 Fardarie O] 25 % SR E T 30 oLk
e AP RARIRET TR B T AP ENZREL U ET

Ej Bﬂal}‘ﬂ@&éﬁ’# s 1 ﬁuﬁﬁ;#éﬁzfgfﬁb?;f‘lfﬂ—g ) 'lif']%] 34 t”‘l‘ﬂ‘ °
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Background gas
O Neutral target atom
© Electron

Substrate/ Anode @ lontzed atom

- 10 be coated In cathode material

Target/Cathode

- containing raw material that Is
sputtered off by the positive
fons impacts

B 33T LB [1] -

B 3.4 (A)iR4xI5 3 T el > (B)SER 3 5 2%k 2
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352 i F § sk (MPCVD)

AR ARRT S SHOL TR F F AR s 4o R BI35 (2]
15 KW i 5 % fd= 93 SIO E Mt | F 407 woeniplz - @ 5 KW 4%
AN AR R A A EERE AR Bt F

B 4o®] 3.6 ¥77 o MPCVD i Siifis A 5 & 8 (¥ A2 de T

3.5.2.1 MPCVD ,x %t
(1) #c A2 # ®(Microwave Generator)

A& A2 Mok o d Bl iEE S B (Magnetron) 2 2 1k o
(2) # % ¢ (Wave Guide)

Pk A A (st 3 A E A R B0 E A < UL
N LA EhE Rl N o S g 2R S e (tuners) > T A 2
FEE RN Bk (TS Y R R R L fhdp i 1 B
do B A S I Bk AR A R B RERRHAL NS
e LA
(3) % % & & % (Chamber)

DR Tl PR Bt N EFEEEIRSE T AW
L e G % FRA G T LR T R -

(4) F e B
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MKS 2 & %3¢ e i 4] % (Mass Flow Controller) » 45
ol Frun T By g F g o &g

$rF R e

L L

(5) B4 Hl&z 3 ks

WREEM

lul
W

B4 gl kil 5 MKS = 2 9t ilag > FF i dlig R ah kB R

AERA oy ihd BRALZEFES
(6) #4rkx:

TR K F AR RE A 2 e

B oSKWH S ensfrREaif P AT oVl d 4 58 o

(7) 34

B AR g AR F P e R § 4

B~ fmm o UZ 'gj:}f;;]tm@? FEE

_N_'
Microwave supply

H2
CH—P>— || —Tumr| Eoe

Sample
/Mo hoider
DE\ /i/ :UWV-ew window

1

% 3.5 MPCVD + . B [2]
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10mm | 17mm | 24mm

B13.6 (A)dp A=~ LW - (B)geT iy Bt ga A o

3522 15KW # 5 3k einfz
(1) gadsrk-ki > #7 % 3 18°C -
(2) LEZ (R »3 5 » SR E 25 001 torr » #FLHET X F T H

B e o K TR AEE AT 2R 65

-&ﬂs

() A wli » & # 298.5°sccm ~ ®¥= 15 scem - /& 4 10 torr > % T
F 400 W > 3 B tuner @ & B3t EE > Bhie 7 jf: o

(4) - FHRASF RS - FAFtuner @ F S FaFh 0 FA
2 1000 W ~ 75 torr > B AR 45 o

(5) HlAzisd - BB Y %+ & § 3% %.300scom » it B4 E
T3 10torr o * B IFE G ik 4R o

(6) Fitdr: 28 » BLE ZB- 138 % o
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3523 S5KW # -8 iTinsg

(1) fedsrkokdp - #FT 1 16°C -

(Q REZHE &Y SMRPEZI 030 FLHE X F BT
AR RKRTAEFRINE 25

(3) #% » POWER = F a4 > 3 » & 4 298.5 sccm ~ ® = 1.5 sccm »
&4 20torr > dadF 30 A 4miE F niE T o

(4) & %t 5 400 W BhAz T 34 > - W/ R4 - B3 tuner
B F S FaiFa0, F2 3 1300W -~ 80torr o B A7 4 o

(5) WAHd » MPF" % & 5 »ARNLF Y-

\?’

(6) #FibsrE 2R > BL

Yk

R S

3.53 MPCVD x 3u:g & & ifl

BB B e L R iR 5 el AR B $oi-d 2 MPCVD BhAs
R A EHTIZ B L S F R R BT A
PIER FE & ahd o RUR R DB R Mk 7 FHE R B (4o Fl

37 #r o B D KW 57 @ FlIRE IR R 0 Lin g
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e

5 Eﬂ I I I I I 1
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(B) 5KkW
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950

850

A C)
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55'] | | | I 1
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36 A1 RER K
AENE AT AR E & 5 E A TSN S
B po
3.6.1 ¥4 ;T F B4t (Scanning Electron Microscope » SEM)
*FE i & Rk e JEOL JSM-6700F 4 33 #4538 7 & Bk
& > 4c % Oxford SDD X % i B 4¢3 %k (EDS) > 1 iv/& 4 % 9.63x107°
Pa > 1 iT§E4 8 mm > probecurrent 5 8 mA > i S Fl 5 At it
TRISKV @ HEF L2 EDS AL (TR R5 KV e 1 &
Zend_ SiOx W2 407 iend 5 EDS RIALHF R BUTE T
TR 2 AR BT d N AEFHT L% it SEM
L+ i fed BBy T LA DT g
Fo3 A e
3.6.2 3 & ki &k (Micro Raman Spectroscopy)

AF BT ik & Rk < < M4 % 0 Horiba Jobin Yvon
Labram HR800 > ik 5 Ar & &+ A& 5 5145nm- £ B P 05 /2L
éf_ﬁ%gcza W £ 0§ R F RS e B 2R H g A A 5 2 SOy
FIF LT B g i S g0 & bR RCE 3¢ 42 (confocal hole) s i 5 g
R LB > 1 7 1300~1350 em™ e R 0 A TR AT O
Ao AR W RapgER o ek o e R P g BN Sinkg L o
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3 3.2 Blendr & % B o

Wavenumber(cm™) Carbon type
1150 Nanodiamond
1324~1326 Strained CVD diamond film
1332 Diamond (sp® bond)
1350 D-band (sp? bond)
1580~1600 Graphite G-band (sp? bond)

3.6.3 k&P kkHFik (Photoluminescence Spectrometer » PL)
NF BT sk R kIR L 2+ 3 % 0 Horiba Jobin
Yvon iHR320 > % ik 5 325nm He-Cd T &> 1 iv5 & 700 V > 0.5°/
step- i 7] 4% ] 350~700 nm~fie £ 2400 gr/mm = 4# o p 8 & 7| SiO,
ET I LT H R IO G LR g o AN ET R < G ] (9 1
MM®) > L #HET RER PR Y 0 LR - AT S R FH

Bl s R RA -~ BRI A B Y s o o] 3.8 4T

(A) A (B)

AEE

B13.8 (APL:# 2 3% 7 LW (B)LimA 130 4EF i + £ 5 0 o
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3.6.4 w3 4 B4 (Atomic Force Microscope » AFM)

*~F % & * Veeco = & = Innova Scanning Probe Microscope » -
FOE * ¥ 5 (Tapping Mode) - #F 4 4 ] 1~100 um » £ 4- 5 Budget
Sensors =7 silicon AFM Probes Tap 300AI-G » + 3=4#7 & 300kHz - £ 3
BT WA G A% 7 RJET 0 SIO, E Rk R o 3T R
F R ERM B RILA ST E R E QR - R e S BRI
f* 8 5 9 CCD £ ifim v B (s en ﬁ?]ﬁfﬁiﬁﬁﬂifﬁ%fﬁé%

BT g AT

3.6.5 X sk ¥tk (X-Ray Diffraction » XRD)
bR A G R T 2 A4 % Bruker D2 Phser > 1 ' § R
30kV > 1 iTF ik 10 mA » 0.05°/step 7 ¥= 41 = 4 ¥= (K, & & 5 1.5418
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ARFEIL o F LTS R[S P T S5 T 0 45 e Reciprocal space

mapping (RSM) & | H & % 4 2 X 4 35 o
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i
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*
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hkl & (111) (220) (311) (400)
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1 fFpEd s 0.50 cm e e 7 pEA S f S8k 5 30KV ~ 20nA > dm g
% 30kV~03~1nA- i * p et 2R CVD 467 "k ~ SiOy & i

WAl g TEM 32 % o

367 e LB HFHTENT S BEME (Spherical Aberration
Corrected Scanning Transmission Electron Microscope)
AF SR 2~ F &k JEM-ARM 200F > & + 1§ & Schottky

Emission Gun (FEG) ~ TEM information f%+7 & 5 0.072 nm -~ STEM BF
f247 B % 0.136 nm ~STEM HAADF 247 A % 0.082 nm~ X kit € 4%
W & #7 &% (EDS) : Oxford MAXS80 Si drift detector (SDD) - Energy
resolution 127 eV - & * %<#ic s ek 7 B 200 KV ~ illumination mode %
SPOT-8C ~ CL aperture : 40 um ~ Camera length = 8cm ~ Exp time %
64 psec / pixel - HRTEM 2 if* kL% CVD 467 "= £ 72) ~ 4FF
g oY g LF S Bandke Mk > m STEM BF 2 STEM
HAADF {1 * R+ 5% Ir A 2§ > BB KT F Bt ¢ o

37§42

[1] http://www.etafilm.com.tw/

[2] M. Hiramatsu, M. Hori, Carbon Nanowalls Synthesis and Emerging
applications, Springer, 2010.

[3] http://www.horiba.com/

[4] http://www.bruker.com/
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m DTSA #t88 %8k ook 4.1

3 41DTSA #iigh i * %3k

Window type Moxtek AP 3.3
Elevation angle (degree) 35
Azimuthal angle (degree) 0
Position Optimal working distance
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(mm)
Sample-to-detector distance 575
(mm)
Detector area (mm?) 10
Crystal parameters Dead layer (um) 0.03
Thickness (mm) 5
Configuration Number of channels 2048
Zero strobe discriminator (eV) 0
Zero strobe discriminator (eV) 5
Base performance
Zero offset (eV) 0.8
Resolution (eV) 133
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[1] O. Debie, et al., "Structural and optical characterization of pure
Si-rich nitride thin films", Nanoscale Research Letters , 8, 31, 2013.

[2] M. Molinari, et al, "Visible photoluminescence in amorphous SiOy
thin films prepared by silicon evaporation under a molecular oxygen
atmosphere", Applied physics L etters,88 ,22, 2003.

[3] J. Alberto Luna Lopez, et al., "Morphological, compositional,
structural, and optical properties of Si-nc embedded in SiOy films",
Nanoscale Research Letters, 7, 604, 2012.
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Diamond substrate
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CVD diamond film
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