/7
14>

o P s
B B 3 K

SOD FxFAe] g thojelZr utute] 54

FEM KB KB
W B2 #M

19984 12AH



SOD F2HA o) B2 tholo}2E wute] B4

RRHER # = &

F #M =

o] mN<S BB HLBN WXoE RHUE

19984 12H

FHEES PE LB XS BT

FEZXEE ED
% = El
% =] ED

EM KB KB

19984 12RH



Characteristics of the Diamond Thin Film
as the SOD Structure

You-Seong Lee
(Supervised by professor Chy-Kyu Choi)

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF
THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF NATURAL SCIENCES

DEPARTMENT OF PHYSICS

GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY

1998. 12.



Summary ...................................................................................................................... 1
L A B e e 1
L. O] B e e 4
1, TO)oFE T 9] AR TR it 4
2. To]ofR = o] FAIHFH L 9
T, A B e 18
1. vlolaZgolB Zgtzul 387 A=A AR e, 18

2. 71T AR T] oo 18
3. T}o]o} = BFOE BIAJ e 20

4. poly-Si/diamond/Si(100) T-& A i 21
5. TiojopR wtulol EA BA s 22
1) XRD &4, . 8.2t o o0 e 22

2) Raman A A 3 o 22

3) SEM A AlS st 22

4) AFM B2 AT e 23

5) C-V I-V EA BA e 23

B) Bl A TE S e 23

IV, A3 I D LR e 24
1. CVD t}olo}lr udlulte]l AAAF W A O] i 24

2. Tholol B uhubo] T2 A EA et 27
3. &2 @& tojolEe vhul HE] i, 29
4, SOD T2 BIA] ottt 34

5. 8HEFO] ZTZ] A B A e 38
N B e 43



SUMMARY

The diamond films which can be applied to SOD(silicon-on-diamond) structure
were deposited on Si(100) substrate usihg CO/H; and CH«/H: source gases by
microwave plasma chemical vapor deposition(MPCVD), and SOD structure have
been fabricated by poly-silicon film deposited on the diamond/Si(100) structure
by low pressure chemical vapor deposition(LPCVD). The phase of the diamond
film, surface morphology, and diamond/Si(100) interface were confirmed by X-ray
diffraction(XRD), scanning electron microscopy (SEM), atomic force
microscopy(AFM), and Raman spectroscopy. The dielectric constant, leakage
current and resistivity as a function of temperature in films are investigated by
C-V and I-V characteristics and four-point probe method.

The high quality diamond films' without amorphous carbon and non-diamond
elements were formed on a Si(100), which could be obtained by CO/H: and
CH«/H» concentration ratioc of 153 % and 15 %, respectively. The (111) plane of
diamond films was preferentially grown on the Si(100) substrate. The grain size
of the films deposited by CO/H: are gradually increased f7Hm 26 nm to 36 nm as
deposition times increased. The well developed cubo-octahedron {100} structure
and triangle shape {111} are mixed together and make smooth and even film
surface. The surface roughness of the diamond films deposited by under the
condition of CO/Hz and CH4/H: concentration ratio of 153 % and 15 % were
1.86 nm and 3.7 nm, respectively, and the diamond/Si(100) interface was uniform
and abrupt without voids. The measured dielectric constant, leakage current,
breakdown field, and resistivity of the films deposited by CO/H: concentration
ratio of 153 % are obtained 53, 1x10° A/em® 1 MV/em, and 7.2x10° Qcm,
respectively. In the case of the films deposited by CH4+/H: concentration ratio of

15 9%, the measured dielectric constant, leakage current, breakdown field, and



resistivity are 5.8, 1x10° A/cmz, 1 MV/cm, and 85x10° f2cm, respectively.
In this study, it is known that the diamond films deposited by using CO/H:

gas mixture as a carbon source are better than these of CH4+/H2 one.
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SE AA, b AAM, 3 A 22 F3F doleE F9o 12 FA Axtet nAY
a2z o] & 75 3lth(Park, 1993).

olg|g F&A Zhedl HI AW 2ztel 7bE AHHoz LY S e Bob
7F SOD(silicon-on-diamond) 7% #HAdoltt. o] AL ¥ fH&o] ¥ A7|H HA
E4% ddxgol $439 1 GDRAMel IMD &4 o]&3 SOD 49 Fdo
A 223 g Al(heat sink) HEZA o] &l A X7} ARAFNAN A3
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A 727 SOI 72 Eoh #Hojd EHEA(100 CTollA Cu9 3uh)3 iAol 2
22 8d BRI 2 WEA &4 diF HEo] goldtm, WA gl FE el
st FA Aol BE AP A AHE Thed AR e wEA
7t 7bsdtth(Land & 1990). ©] A& FAHL W AW Fe 2x 2 o

Fwa

g Uxol o8 FAHE FA9 AW 54 & tholoj2= worg gy

+~

HA 71Eo] A olg Fo] trojolZ = wiutol g ijo] FPHF ol uwhe} vlol=
23 313714 FAY, € AW EY, jon plating ¥, 28] 1 jet TetZuolE o] &3}
E Uy o2 folojE vteg FAdtes AT/ AEHD Jdd. vlojaz st
318713 F A A9 oF 1000 W ~1500 W, CHs 557 1 % W8, 3 ¢tHo)
T4 Torr, 7| 257} 800 T ol 12oA thojol2 s uiulo] A gttE A
o] ¢ A Uth(Argoitia T 1993, Argoitai 5 1994). 3t H tloloj2 = ututo] o
Hd JFE golol2E ey BN 71# ellA 3] AsE WY ol F4H
oz gyygo] RuHI Yoy 422 $E&E& A% Si 7|H HelMe dFdYgd A
ol AF3A R Ut Koizumi! 5 1990, Yarbrough 5 1991). watr] H 2o
T Weto] 4AFd met 2 ®Wol UAI WEel morphologyE UYENE
texture 3ol ¥ AF7F AI=H T H(Stoner T 1992). tiololZ = ututel F
ol Yetd £ e 7ted AAFWL {111), (110}, {311}, {331})3} {100} & T
d ol ZF {100} ¥ oj2d FHI JEI} AW d& + JH(Spitsyn T
1981, Angus % 1998, Kobasi & 1988, Messier 1986). SOD 7% &Aoo Qo] A
B Adn F2e dolopre whatg A7) HaiME 7B dH, we stx,
g 21 2 A U Tl ot {100} He] AT ofge wute Y &£x
BYsA AFE 7 AT Y 2ol 87H QU

¥ d7oM = GDRAM 2#elA SOI #+& tidl SOD F+xo 349 439 o
A4 tdolotZ= wtntrs &4 Y COY CHsE AH83le vlolazyt 3}str) 4
Moz JFHANA I8 2 AW FJEHE 2AE D, dAdozMo fA F59 A
E4S AT 28l SOD 72 4o we gaR-dygE e [¢ g
&5 2 (low pressure chemical vapor deposition, LPCVD)S 2 3to 7|5 A g
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o] ZAARANY AAANLS X-ray diffraction(XRD)9} Raman 2% E & (Raman
spectroscopy) 22 EAMstm, HFAH 2 AHA  AeEl=  scanning electron
microscopy (SEM) ¢} atomic force microscopy(AFM)E ZA}3ts uwtuteo]l FA A
F, 74 AF 28ln 25 W& vAE wsle C-V, -V 43 4-point probe
methodZ 243t} o]5 FA 02 HE SOD Fx Ao @& tolojg= vt
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(c)

Fig. 2-1. Unit cells of diamond and graphite, (a) diamond, (b) diamond,

and (c) graphite.




wEol °F 320 nmol A cut offslH, € MEEE 9 W/emK L2
Sk v Age 1x10° Qemel 4o ws ag.
(2) Type Ib : % 02 %AEY FAE XTFslE FAHo2 1 aYPoz A
S dololZ=xs A9 olo] £3Aw HA tolojz=zE of |
%PE EAHRG. A 54L& Type lash vl &3}ich
(3) Type lla : B4AE A9 #73tA &L AAHo2AN FAsA EAPY dHs
=7F 26 W/emK® o) F31, 225 nm °]49 £} =g shzid
(4) Type IIb : i+ A3 XFHZX &3 borono] 2% EYE AFoZA &
gAEA S EYL borondd s A4 FE YL wo
Aae] 10 Qcm ~ 1000 QcmA EololM p-& WA E4S
Bl
A 4 FFe dEA olgdx, didsl gAEA EAN02 %olu) AT
carbonados¢} ballas?t lthH(Bachman & 1989). Carbonadost EH& A% X sl
3 3len, ballase W4 dAAFEC] FAH THIN gAY tololgsz M oE
< @24 tolotg=d HlF Alsti WFAAF Zal F AXNA @oepz FI
T2 olgdd. HANNGFTAYA s FA=HE dololZ= wrate carbonadosyt
ballas¢} Hld S-S BAY X3 HA ez S FAW FAAM 7HF
BAE 24 FHZ lonsdaleite’t 9lth(Hanneman % 1967). Lonsdaleite® 23] -
33tA ddol tholot2 =9 A9 {A}s) hexagonal-TiololE=gtn Eelr|E 3l
b, #& AA ZA chair form& FA st dojolE=tE 2 (111) B Abo] 9
Ao] boat forme 2 o] Fo]x glo] tholefZ ol wla) <zt BehAd Aejolt.
tholobZ =9 lonsdaleite®] A Fxo] Wi HolglE E 2-1o) AU
A R #A dojet=dM F2 Jeds 24 s 29 2-29) YEhRA.
A dololZas MY ZARE, &8 2 Axsx)d w2} 2z & s1x 2HW
o2 o]Fo dAF(aY 2-29 (a), (b), ()2 AFdg. & HIF (AT
5 = 1LONAM MAME ZH o] APgHA FH A AR bR Ee (111)
W gte g o]FoJX dodecahedron(2¥ 2-29] (b))o] AAHAT AAMZE (1100 A
2.2 o]F3 dodecahedron(1¥ 2-29] (b))o] 7} @ol EAjst A A oy
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Table 2-1. Crystal structure data for diamond and lonsdaleite.

Property Diamond Lonsdaleite
Symmetry Cubic Hexagonal
Space group Fa3m P63/mmc
Atoms/unit cell 8 4
(000), (}51%0), (0%%)
. o " (000), (00%),
Positions of atom (%0%), 44 %), (4%4), (420 (42 7%)
(A%%). (KU%) BIRTEh RTS8
a =252
Cell constant 298K (A) 3.567
c =412
Density (g/cm”) 351525 352
C-C bond (A) 1.54445 1.54

A7 7bE 2 (100) ¥ ez o] o cube(2¥ 2-29] (a)7h 7H HA &A%
("Encyclopedia of Chemical Technology”). &4 tlolelZ o= Y 2-29 (a)
~ (o) ol9ell= a9 2-29 (d) ~ (@9 ZA ezt LAgE=d, 25 6 7K
(1000 B3 8 719 (111) "og o]Foz 14 WA cubo-octahedron(2g 2-2¢
(dye] 7bd @ol vetdh 29 2-29] (a) ~ (D& BEF @Z2AAd ¥&) 29 2-2
o] (e) ~ (g)= (111) Wo] z+zt 2- 5- 20-fold twinningo] Yold %A (twinned
crystal)o]th. ols} 22 o] 742 AR Hey F o BFoZ AHAHEste YA
4 Z719] embryo A7l & ZA=W, HXEst ANA 1Y 2-29 (e) ~ (g)
ot 22 449 Y &go] Izt n @eix Aok(Spitsyn 5 1981)



Fig. 2-2. Crystal shape of natural ((a) ~ (c)) and synthetic ((d) ~ (g)) diamond.
(a) cube, (b) octahedron, (c) dodecahedron, (d) cubo-octahedron,
(e) twinned cubo-octahedron, (f) decahedral Wulff-polyhedron,
and (g) icosahedron.



2. fojot2= 4 W

tolot2= 4 WRozE  FAZAXN  AMEEAW 12 ¢ (high
temperature/high pressure method)@ 4429} &3l449 E3r1AE A gsle =
A7 714sEEd Ay 3871452 (low  pressure  chemical  vapor
deposition, LPCVD)2.2 B Fdt. 2 dFqMs A 3742y ol =
AHenz gojojge G WY F AL gAY disl AFs

(1) A} 387452

D g5 44

Eiichi Kato(Atkins & 1982)2 dwigo] &4} #4722 CHy — Clg) : 2Hx(g),
TETE 7 sl dd, 54, tolol= Zzte] tidte Wi HY FTANYS
7t Exo wet Adsdes o 23 29 2-39) YElAT 974 2R F7)
el Aol a2 99 S drinzg ug Lo Y vt ety
AEdng 894 & & 4 5 g @M 714 A9 gae &d TE tolojE
ER Hs 78] FATE & F At £F OY 25004 B F gk RE
TE T AM tpolop2 et Zdo] st Aolzt S & 4 Ut 298 K,
1 atme ZZA3AM tholopZo ZAe] 2 oA (free energy) Aole 500
cal/mole®] 22 Aolgte] Bolx] g ot

Wb Edo] e AP 49 AYNME thololE=o] F4o] 7F
& A& ol o] FAR trolopZ o] 22 Af oA Aol o T e 4
4 WEol +F QA A& #A$E £ A7) BEOIH £ AYE Yolole=st
Fdez WH &7 AMe 2 AR A (energy barrier) S FE3stojol 3] o
ol dd 4" dolojEre GAEA ESASA Bdh AdelMe 3etF Al
olot2Est o] FAd 44" £ oy FF z2dd et 3d A4S
AAste] @A tholop2ErtE HFAA F Ut
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Fig. 2-3. Chemical potential of carbon in methane, diamond, and graphite.
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e

Ao A4 AAE AdlME 7N A7 Z 3 (Spitsyn T 198Dl &EH 7]
gol HEstE AR EAGE F2 A7 ¢ Fasitdn dA Jh thojo}
B ZFA £4 939 98 A 3 7AZ UE F Jdoh g5 wygeR
A4 € radical(CHs, CHz, H, C, ) £& EUASA o|5F2¢E FAsAY A%
g3l 3gEE wrgo] APt ojdf FAH stable hydrocarbono] wf$- & o]3}
A Zde Fag dozith ol foletE=o] QAo uigAsR] X§ wrgol
T2 Aol st} BaiA ATty dHA Ath(Setaka 1987). EA, tholoje =
b 42E o ZA5 A FaHo tolol2ze] 43S JATch wetr thojof
2ot AsHez AAs7] Halde Sd9 AAY Hady s4 A7t FA A
ok Aoz Azt gicdn deA Ut (Setaka 1987).

Edo) £ BA T £ 99 wrgstd vgrtaz 2 de g 2k

a

Graphite + 2H, ————— CH4 (E = 50 ~ 80 kcal/mole) (2-1)
Graphite + 4H ————— CHy (E = 7.~ 8 kcal/mole)

9w AE o 4 R EAde F47F FA% o waEA HEdTe
A& & F Utk Setaka(Setaka 1987)& F2 FehZvh ol thojopZ2 =9t SA 9
Azhgo #3le Bug FASH(FE 2-2) T4 Aol 7 AZo] tojotZE=dA
Tt AY oA Zx oy FddAME ®E HREE RAFT UAv AR, 4%
st tolol2= EWe ©4 47t AR A HFHE EASHA HY EUAA
A} v} & (reconstruction)e] doju} FEHAA tololZ=rt ZEAog v+ FAs)t
(graphitization)7t dolvbes Roz &4 Uth(Lander T 1964). 2-dl w4 4=
7t EAE dolle ERAAN 4A C-H Aol FAH ERAAMY FAzE JAs
D2 toletZ=o ALd 4FE &oldA o

Aol HHE RAH 74 FEAYAAN g oze T A - B #A
oy golol2est AA - AFE F Ae olfE AL AfH AYA zelg 714

Wol EAate +4 A EAZ Brigdel A5 + ka2 F Aok
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Table 2-2. A weight loss of various carbon materials in the hydrongen discharge.

C ti
Weight(mg) Weight loss (mg) ensumption
rate(mg/cm-h)
Artifical graphite 40.97 417 0.13
Glassy carbon 35.67 7.20 0.11
Natural diamond 25.48 0.13 0.006

(2) 3371852

ool =] Hu ) FAYe S vHsLe] EFRINAE BASE Wl
gel neel A9 ASsE @ HreF Y z

Lo 2 (2000K ~ 2800 K) 7td€ o
2doly gg§ UAWEE IdYo o 29 digie EFE VNS B
FAATE BWE wan 1Y 2-49 (a)d MAFES JEUA
ok oolw 7iHs FHAE Ato)le] Age Wt 1 cm v g {ASA Hed 2
ojfrE HHHNEZRE HAlFo] 7|Hd] mAE ¥ et ES} 7]H Aol A
THE 7t27t ASE W] dojvds AE P7] AsiAoltt o]¢} o] #Adstd
gz se o9z o] Zo IHFAE FAUZA olFd 2BZ toloj=rt
AE 5 UA @t o] W AHE X7 pdEte] A Zu]&o] APk A
ofzrel AAo o3 FA XL HE F Jon FTHEHE FES g4 g
Acke Holth, ¢ d}HNE o] Fol 2 AR F glon gdERER
Elo] B¢ & % 718 2E7 Folxlvke @Al Utk o Wy @A uriz &
28BS veE S b3 2 AMEET e Folth o] W oo F£AHS
o] WA LEd Y £%& #A38] F7HAZ Electron Aissisted Hot Filament
CVD " (Sawabe & 1986)°] 1¢t=Att o] & Hot Filament CVD ¢ & U3
tE e 71/l positive biasE Zol Fo] WA BFEE F/HAUTE Relh

_12_
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Fig. 2-4. CVD method for diamond synthesis. (a) hot-filament CVD system, (b)
rf plasma CVD system, (c) microwave plasma CVD system, and (d) dc

plasma CVD system.
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AE FAAINT 2 718 El 2o

< - & &% k2 Egt=ulo) 93 tolote
gtzul B we} DC plasma CVD(Kamo 5 1982),
capacitively coupled RF plasma CVD(Oishi % 1987), thermal RF plasma
CVD(Matsumoto 5 1987), wtol2 23 Ze}=v}l 2187]4Z 2 Y (Chang 5 1988) =
22 Y4E + o 2" 2-49 (b), (¢) 283 (d)E RF plasma, vlo]a 23 Ze}
2ot 318714329, DC plasma ol 93 F2HA7E Fx9 AZFzo|tt 9o
M A € S AYS Sezv g EANe Az Bysly a2
aRHoR AYATNIZI A8 ntHAoY zhze] WMo s AP TololRE o
S8E A9 gddA detvdn low Jd, 2 271 we Ao o8 G
Hate Aoz deix o

ol Btollx 7] Aeloll A Abih-olMEa torchg A3t 47 folojr=2 o
T o= HIi(Hirose F 1983)7F &l o] MU £28 A43x] ¥ 53
< 7HA 2 Ao

tlo

(3) d2-F2A 4 £EX

H o Sommer F(Sommer T 1989)2 1A ©Ai9l s|A E7ho] FsstH W
(Thermochemical equilibrium)e] &A@ttn 7} st 23 & (Quasi-Equilibrium) =
25 AHgste] C-H 4 =8 2 48 Z7|¢te 2% &4 7agn g4 - 5
DANM DA PAh BEHY HFHL o) EF 729 ZA(partial pressureE o
N oEd 22 WA whg Aol Wy sz KERE AN 4 o

C(s) + (y/2) Hz (g) «———— C\H,(g) or (2-2)
XC(S) + yH(g) D — CxHy(g)

fu

Adel ofaf 73 1A @2 FWY FYL olFE GH,Y B8 Z279e 39 2-5
of YetHUet 5o e HY Z714e Waks 1400 C #2oA HAXE Holm
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o =9
N/
= 1.2}

0.8+ no condensed
phase

0.4 ] ] i | |
10°® 105 10% 102 102 10! 10°
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Fig. 2-5. Predicted phase diagram for the C-H system for a total pressure = 36
Torr. Phase boundries between the regions where solid carbon exists
and where no condensed phases exist are shown for both graphite(g)

and diamond(d).
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Atk thololB = FAA AL3tE 71® & HA(T00 < Ts < 1000 T)olA AHxn
A 7lR 2= F7t wet A gast HYE o)Fe CH,Y HE FUIstel §3F
3 #azte e B F Uk

a2y o]59 AN HAA Fole tolotZ= FEd] ujg Fastx
gt A 20 distde nsiA Fu Uk FEsE GAG S EAE
W 7]l A ARG FaE ©ad te Z 9EsiA 2 ZAolma AA 7
C:Hyol 383 57148 F7hstAl € Aeolnh

Piekarczyk % (Piekarczyk & 1989)2 tiololE = 313 F 3z ZAA 714U
EAste FHE B A F4E nElsd oW 71 WMo HA &@Ai 3
d SN2 39 2-69 et A3 Po] BEY FUIYEYG FUEA H9 o 2
SE(F 1000 T #2)ell A A gg ztedn o 28y 98 29 %

2

T 3% 24018 25, e & € 7tE FF Sl wE dEd £ doe}

rt!‘.

2 o 24gsn 1 wiel Z9E Fiol Yojubx @ Bk E=¥ FHo) Uof
Ui e d FEAS /1R exe we WY £ Aee ¢ & A

o
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Fig. 2-6. Schematic representation of possible changes in the “super equilibrium
diamond solubility” (diamond d) (solid line with full circles) in existed
gas phase (hydrogen) in which the concentration of SHA is
non-uniform. Dashed lines represent (diamond) when the atomic
hydrogen concentration exceeds the equilibrium value by 20 %, 50 %

and 100 %, respectively.
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m. A g =

L stelzzst Sehzoh 87145 H A,

2 AFdA AHRE mlojaRs Eetzvl 3| RFA FXe 2y 3-144 Y
& AAY AA vtolaz s BRVE, vEE MY R, Jt2FFE, a8m )R
2 745 Ut velaz g w7 E vtadER 93t Fuk47) 245 GHzo)
i, Hd 282 15 kWaA 282 T3 214 we 9o 7t5EE Ho Qo
R ¥ mlojazgte]l F47F Hu, 7B, WEA, AECEAY Tol F2 Ay
Bog AR, #F Fodde 2x Ao % FAHol 71F3EE IR spot
thermometer(Minolta IR630)¢} Z23131& Aol FAEE o gt 7| A
T ke 7HE WA og ZhEd 54 AAR o 71wES BAAA 1200 THHA b
EESF AU 9714 7B WA e diste 3, F HU B 3sA
dAs7] A 71 AAdel 2709 Mg #E o] &AM VHY RS FSoNA
719 ZAES A 7B 2xE FA AlH AA# ol FZNAM IR spot

thermometer2 A& = Y F 3P}

o
z

2. 7189 A

tolotg s watg F2ar] dol WA p-F Si(100) 71#E EYIZZE A FY,
olHER WE E3E FoM 223 AFE FAT A7)A dololRso AFPA
BEE 5857 39 ¢F &0 toloj2= FR(P20 4m ~ 40 pm)E ¥
oAM 2&3 AHrZ 03 B HsAch ol EWE M E oz gury
22 tojolRes) MY DEs} 10" em® ~ 10° ecm’2 ¥t #H diamond/Si
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vacuum pump

cut-off wave

guide \_
N I
+——

wave guide cooling water

microwave source(2.45GHz)

| — silica holder
\ i 'd ilica hold
\ ITE _ //—— silica holder

| -
{10 \ )

b2 N

4

four stub tuner | \ plasma zone

silica tube chamber——
|_Q_[+<—CO+H,, CH, + H,
reaction gas inlet/

potical glass/

IR spot thermometer—__|

Fig. 3-1. Schematic diagram of the microwave plasma CVD system.
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TEAM FEI AEE A7) fshd 71 Si(100) EAL tolopR e Bge A
g3te tial SiC 52 vlolaggolB Zel=zn} glely)| A=A giylog ok 80 A9
FAZ I Hd JFAZ o] AlB Azte] glojNq 7@ st 8
Ast7] gt 2n3F AYHWAA 5 Qcm ~ 10 Qem?) p-& 523 Si(100)9)
ol5 g gxu @A FZ2 800 C, 2087 7FEEt Si(100) - 2x1 27

£ Yo AHEE R, o] F&E RHEED 3|® 4oz #Qs4r}).

r
o
Lo

2

3. tojojE kA

A AMeld 71#2 BOE(buffered oxide etchant) &o oF 1023t g3 o)
2 AR F AL VA X oS wERd AR WA g2 27
TEE % 107 Torr2 ¥l7] A7 ©hg 15 % ~ 30 %S CHot ©7€ He + CH
t2E FAstdAM EetzutE HAAA B 2EE 2T olg slxol fFFL
MFC(mass flow controller)2 ZA3tt}t. 7]#e] %7} 800 CToll =2¢®L o
ZIAE FAAA HFHoZ 7B 2571 900 CollA YA A SAHES =2H
RN, w3zl §t¥o] oF 30 mTorr7b FAHEE Hy + CHeS} EF 7h29 #3
300 scem #FUAZ F wlolagng WAANA 7|H Yo F2vist FHHEE 3
Hev, z+ vrg o] wel vlola2 3 tunerE FAste Z=ulE GAAA X
A AZEE o 9Ae R BT A7) mlojazule] HEE 13 kWE o

gad COo FEHE 99 % ~ 200 %2 QS dE CO + Heo & #30] 100
sccme] HEE CO% Hed %S WIgANAA TH3%t tolol2= ututel Z
A ARE o HARteR YR, FA F ¥R IFEE 9 30 mTorr7t FA 5
=5 throttle valveol] 98t 2F Ao} Hx 2 st} 7lge] %7 800 T2 &g
e W T4 72 FAAY b FFHoz 7w 57 900 TAM LAEA
T2 o 829 7t=(CO)E FYstn, Fgt=2otE HAAAD. o] 9 wlo)az
Zetzvtel Ad¥g 350 W2 stk o, 2 wbg o) wel tuners XA
Fetzobe] FHE Aot o] W ¥ shAE 9999 %ol nEEE AR AT

+

>

N

® b

tlo

l..
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Table 3-1. Deposition condition of diamond thin films by using microwave

plasma CVD.
Parameter Value
Substrate p-type
Microwave Power 350 W, 1.3 kW
Working Pressure 30 mTorr
Deposition Time 5~ 9 hrs
H: + CO(99 % ~ 200 %) 100 scem
Source Gases
H2 + CH4(15 % ~ 3.0 %) 300 sccm
Substrate Temperature 900 C

4. poly-Si/diamond/Si(100) +% &4

SOD 7z A& 93t diamond/Si(100) 7% A5 B At 337423
(low pressure chemical vapor deposition, LPCVD)®¥ &2 poly-Sig& 2F 4000 A 9]
FAZ FAAY T2 F9 4HE 20 mTorrg ed, 71#e] 25& 625 T2 3
AL, AHEE FAEE SiHy + HoZ 60 scem2 2 ¥H3 Yol FAAAY § 3-2

£ poly-Si gtete] g4 ZHo|t)

Table 3-2. Deposition condition of poly silicon thin films by using LPCVD.

Parameter Value
Substrate diamond/Si(100)
Working Pressure 20 mTorr
Deposition Time 30min
Source Gases : SiHs + H» 60 sccm
Substrate Temperature 625 C
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o

I\

HAde] 7ha FUAF Ao ©E thololZ s wbutol A3t Abdoe] HA B ¥
Z21E& A7l fete 99t ZAH 8 XRD(Rigaku D/MAX-RC)E A&, X-
A9e Ni 9HE 5l 92 CuKul 2 2 322 0154 nmelQx, YepAE A
FE 20 mA, 7hE A4 45 kV ol Atk Full scale & 5 x 10’ cps& 3tgom,
A} 49L& JCPDS(Joint Committee on Powder Diffraction Standard) 7}E. Abol
Bttt Qe tholop2 e wtutol AHEY R¥E ustd 208 40° oA 145° ¢
Az stk £ 4" 2AEYor Ry AYPHY A7, AA strain 5 Y

k.

ox

¢

o N

'
-

2) Raman 4 43

H4 zdo g tololZ2= dxty AN ETE FHF HE EMLES Micro
Raman spectroscopy(Jobin Yvon, Ul000)E o]&3 it} oju #o)xe mAL 4838
nmelU AHE 120 mW, FAb 99L 1000 ecm ' ~ 1700 cm ' H YA

scanning stepg 2 cm '2 &3 Ak

tojots wiete] g A, 2AF 2 AFAY A, AW 4" 28 FA F
<& FESEM(field emission scanning electron microscope : Hitachi S-800)& ZA}3}
Aok olm PAb M v S HYE 10 kV, wWlES 20,000 vl A 50,000 Wi E
3t Ao
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4) AFM &4 4.

atomic-level®] W& diamond/Si(100) +2¢ W 7|3 Siz} fAs) Azrd o}
ojo}Z= utat Ziwol AAJE AFM(DAFM 6300)2 2 ZAlslgoen, ojul scan
sizeE 25 gm X 25 pm= g

tlolol2 = dtgtol fA & FTAH HF, dielectric breakdown 59 A71H EAQe
C-V, I-V &A& T3l Fa=, A7 A, A7) £33 To2HE ZAEAL o] &
Ad ZAE goelolZz wtgte MIS FERE 84 ‘}93-‘1‘11, AFL AlZ ZH59 1

AR AFle WFPY FUL ol 8de] 284

oL
o
W
o
ii‘i
o
2,
JU
rﬁ
2
ro
[\"]
(@3]

x 10° cm® dot UIAZE o) fsd HAAL -V EA

BN
>
=
2
X
(A
N
S
[
1A
rle

100 V7HA] &g en, C-V B4 ZAldiAE A7F ASEE -20 VoA +20 V E U
AN FAsAT A7 AgH Aol WE HY LY KW EHLE -10 VoA
+10 V7hA1e] Q17 A<t 1 MHz ©]/49] 255 49l APy, C
ramp rate’} 2 V/s, 20 mV, 1 MHz9 AC 223 & Al&slo =Aslgr}.

6) ¥l AY &3
tolot2 = whete] A, carrier FE 1A o]FE FHL urte] Fuo) &
Yt #B-Fo] g AL=2 s 4-point probe method® ZAs ATt A& 3

4-point probe &A= VeecoAte] FPT-50000]1e9 &34 HYes WAHEo] Rs =1
m&R2/] ~ 450 mR/[] °
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1. CVD tholob2 = whete] @Ay @ Aol

1Y 4-18 Heol g CO9) s=HE 22t 99 %, 153 % 2183 200 %7 S
TUSEA 5AZF S thololE = ubute)] tfgk XRD 2HMEHe|th 267t 439"
753" 2 914" A gehd delaxe delojE wrubel (111), (22007 (311)Ho thdk
34 ~HEPoRA Fxuld Aol BYF Y UL vehdoy €O wxit =
Zhholl wet (111) o] Felae] Fre Aoz Fvletdz, F AYWE (111) 9@
U & & ok

247 dAe] Z7] A4S Scherrer 340 93 AA

o

= (4-1)

4714 Be ZA 49 Ar), K& 29EY dojae wx]Z(the full width at
half maximum, FWHM), A& X-4¢] 3}3(1.54060 A), t= correction Aol 4.,
= Bragg 4= & Yehdch t8 ANY of 29EY vo]39] wxZot EF Sjg
2HEY o]l ¥ E(0.15)S wA ®BAE)

CO9f w=HI7E 99 %7t S=& T2 A2 (111) doll g 947 ik A3Y
o A7), 23 AR strain® ZzF 712 %, 260 nm} 02 % oY1, ARAS)
(111), (220)2 (311) Aol g Fo)a FEut Ly ¢ I Ly = 100 : 22 1 92 e
o CO9 s=H7} 153 %7t S52 F23 A& (111) ol gig A w2
A9 A719 Az straing Z+7} 741 %, 360 nm, 02 % ©1Y 1, thololEE HAA
del (111), (22003 (311) Aol tig Fola Z=uE Ly © Ino ¢ L = 100 : 20 : 82
YERRTH £8 CO9 FZHI7F 200 %7t HEE F33 AR ZH Wi g 3™
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HojZe] ZHE L ¢ ot Ly = 100 1 23 : 82 H]%3hA Yehdow (111) W of
& A g 2RPY 2719 AR straine 22 693 %, 250 nme} 02 %2 7
Ab= At

CO9 FEHI7E 163 % A&} (111) Holl i 2A Y A7)1= 360 nmolQ oL}
COY Fxu7} 200 %) A&l E 250 nmE 243 RS 719 FHAA A9 o)
ool o3 non-diamond o] ZF7Hgk Rog AzZtAY wWalM CO9 ®ww|7} 153
%60 Azl (111) Hell tigt A Yo 7|7} A3 wekdo] S4aRtE e o
T A% Mori 52 Heoll tig CO9 ¥ %8S 5 % ~ 40 %(CO + Hy = 100 sccm),
selAzdlolZate] £2g 200 W, 333 422 oF 30 Torr2 atQe o (111) Wo)
FHAG T BusgcHMori 5 1993)

¥ 4-2€ Heoll die CHio 5588 WA 7|9 224 tgololZe wiute] XRD
Z=HEYGolth o714 267 11617 oM Yehd Flol=: Si(400) WOz 713 Si(100)
Hell digh 34 2dEY el Hell tid CHiol 5587k 30 %2 AgolA 267 439° |
7537, 9157, 1166™ ¢ 1195° oA dehd mjolze tolofZe Az Arel (111), (220),
(311), (400)¢k (311) R Wizt 3 2HMEFHo| BA2Y9L COZ #e He Az}
2ol FAAGE (111) Weln, P49 wate we AXAo] 23td GARA tho|ole
=2 AZ4dd 39 4-2004 B A3} 2o] Heoll thek CHLO S EH]7} 20 %2 Alg
dME FE87F 30 %A A8} FYF Fol3rt BEHYor} (220) Hol ot To)
A9ell= Aoz dojae] it ZasAch 22y CHLe BEH]7F 15 %) A
gelMs (220, BID (3B1) Wl g Folas #EHx Ptk Kim S HLE
493 scem, CHaE 7 scem, 718 258 850 C, 183 vwlolazgolum &89 13
kW= 39S of {100} ®ol & waddnsn ¥ustdchKim 5 1994). o]4te] XRD 2
FE Ho}l tojolgs uviute] Ayge gade Fxo oEYe & 4 glon CH,
B4 2o CO @44dol o 9% tholol2e viote] A4 YL o & Uch

flo

flo

_25_



(111
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‘E: J © ___./L L
5
E
;.J ® Jk A
L A
W% 0 M 8 %
Diffraction Angle(26)

Fig. 4-1. XRD spectra of diamond thin films as CO/H: concentration ratio.

(a) CO/Hz = 99 %, (b) CO/H: = 1563 %, and (c) CO/H. = 20.0 %.
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Fig. 4-2. XRD spectra of diamond thin films as CHa4 concentration ratio.

(a) CHvHz = 1.5%, (b) CHv/Hz = 2.0 %, and (c) CHy/Hz = 30 %.
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tolop2 = diate] 7 xe T4 3 g dgdn. B dFdAE g2
FTHe wxulol e 43 x4 54 W ds] Raman spectroscopy & A
&8t A ® Raman AHE

Ag Ak, Hola9 ¢x], Fo] BMozre ztzb A8l strain, disorder

-

deol 54 dolaz e tololRE uut 4o &

CO9 #=EHE 99% ~ 200 %2 < wjo tlolojr e uiut

of ¥ Raman 2=HME ot} o5 Algo|A g4 tolofZ=o] thdt 3§ o2
) 1332 cm ‘oM AsHAl dEptTh COS s =EIF 99 % 18T 200 %2 ZEF
Algel A 1450 cm ' ~ 1600 cm ' P Al A w4 non-diamond A4 & uebY
Holazt #FHAoU CO9 FEH7F 153 %2 F2% A& A= non-diamond
i Uehle FHolart #E5 A @kt CO9 sEH|7F 153 %2 AlgoA &
4 tholobZ =9 AL Hel2(1332 cm e} ZEE Hdirh HAey COY FE
M7 200 %91 Al@elME 1332 cm 'dlA YEhd ol Bt PaHUm
non-diamond®] o] = (1500 cm Heke] ZEulE FrEow 1332 cm ‘A U
't tholotZ = Fola o] wHXE(FWHM)o] At o] AL vt XA FUP gha
Y9 ¥% =2 non-diamond F ¥l FT7tE Az Wl FFM(lattice disorder)
AE 2 Az 5 EY(attice distortion) FE7F BL vtoto g HAFHQUUE AL 9
m@oh CO9J Fxul7h 153 % AlgolAel wxZ ge o 66 cm '2 Z2AHHNA
o o] RAE HA tojop=et Jx 9AA thololZE 9 Raman AME Y] whxZ
gol o 19 cm'# 67 cm! ~75 cm '3 wl@atd ¥ o FPe] wAR weoz
THHATdE AE ¢ F Uh(Nakamizo 5 1874). 23y CO9 s %H)7b ztzt 99
%9t 200 %7t H=% FAF AgdM w9 gte ¢ 81 cm '#H 118 cm '2
FojHoh o]AL COY FEH7F 200 %A ARNE B4299 ¥ F7hd & &2
o Aol 2RHAY 7143 EAste ARG T2 FAAHA Fo) gastme Ay

T 93l thololZ =9} non-diamond A¥9 AA £%7} 22438t non-diamond

rir
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Fig. 4-3. Raman spectra of diamond thin films as CO concentration ratio.
(a) CO/Hz = 99 %, (b) CO/Hz = 153 %, and (¢) CO/H> = 20.0 %.
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Fig. 4-4. Raman spectra of diamond thin films as CH; concentration
ratio. (a) CHyHz = 15 %, (b) CHyH. = 2.0 %, and (¢) CHyH: = 30 %.
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dhabo] ofdt molarzt Yelue Aoz Az dt(Tankala 5 1992). Wang T2
COM, Baflel #3HE 012 B2 o FHE tolopBC izt gt WA %

L

140 cm ' ~ 190 cm'2 Fo3A L, 1420 cm ' =AM 257 2 non-diamond A
< Ued Folavt B#EHJ. wepA Aol vustd B dAFeM IAHE o
ojojZ = uvtete 9 AA}HY ¢ Aor APt (Wang 5 199).

Y 4-45 "2 CHi9 FXHE 15 %, 20 %9 30 %2 85 o Fd49¢ tholo}
2c vtako] Raman AHMEHS UEpd Fojch CHy B A9 FxH|7E 15 %9 20 %
A AgAME 19 4-3A e o] AEFH A F4 tholotZ = ¥ete] Raman AHEY

M

oty 1ejvt CHy B4 99 FEH7F 30 %2 A &olHE 1334 em ‘9 1475 em ' 28]
3 1547 cm o} A tholopR = wbutnt vl A carbon? non-diamond Fo]Z7F BZEQY
i1, 1135 ¢cm 1A broadd Fo]=Z7t YEbY 7S unsaturated polymer ring & thol

s vube] AAE WEe) 471E o2 ¥ 4 Atk EY o]RE tholohEs g

O

of 24 5% tololE e g 4 W) A7 27} o] LE} wae
sEle] gare W) Med ez A48t o4e) XRD% Raman ~HEH Az

M &Aool CHy & W Btk COY F%7F 153 %Y o 7 $58 tolopg= o

sto] Y4 YL Ltk

3. &A% w2 tjolojR . ulul )

1Y 4-55 Hpoll dist CO9 Fxulo] wg thojotZ= wtete]l SEM EH
morphologyE YEld ZAojtk CO2 ¥ ZH|E 99 %2 39 FHAH AlEg FHY
morphology & {111} Wo] & wtdd octahedron 739 H7] FH=Z Ho U3, o
ojo}2= AA9 AV &% 03 umolA 1.0 pm2 AFH Ao FHL (111)
W owbgkel] ojste] HerstEo] 9l Grh(1¥ 4-69 (a) F}ZE). 224 CO9 FE7}
153 %2 Fstd F3d A8 FHL {111} & ZE octahedron +Z7F #=
gz} ¥Rk, EF cubo-octahedron TZZ {100}2] texture WHE 7HAHA {111} H}
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Fig. 4-5. SEM morphology of diamond thin films as CO concentration ratio.

(a) CO/H: = 99 %, (b) CO/H: = 153 %, and (c) CO/H» = 200 %.
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{100} o] &grslol o, 17 4-59 (a) Muh {100} We) of #F wedso] U@

ol At (100) Wk 2= cube &7 HEUIIE Sty 458 (b) 2%,

uetA W morphologyy 1% 4-62] (a) Huls dHetsl® AHE wolFa glo

H tholopE . AHA AV 2 05 gmollA 15xm BEelul 218 3-52] (¢ii=
5

COSl 5wnlzt 200 %7 WE% Z3gl thololRr wiute] xel

O

AR E 18 4-59 (b9} v =8} FR Ao g & uwltiy) R oro rlooliz A A
o] °kzb & &txlo] vk o]’del SEM morphology 2 3}ii3E] tholopitrz whubo] 4
FHEE Y ol e #HE s wel A 7)ol ald o) Mel wjay
& i Qo Az

1y 4-68 ¥hAY CH 9l s anld 15 %, 20 %9 3.0 %2 W3r) 7 vlolopi
oubvkel SEN W morphology ©lth tholopit = ubukol Qlzt Z7)3= o 4 o i
1 pm olstil vhebwtth s linl7h 1.5 %9 2.0 %691 AlSL(Zr@ 4-69 (a)s} (h)# %)
1+ octaheron ;F39] {111} Wit cauliflower EEj7F &6k Aoz e} of /)
A cauliflowers> octahedron® {111} ®o)] zho- Qlxtel Hejz o] r} Z1eiy} 1y
4-62] (0)9] AlgolAi- ¥kt go] octahedron *3HTE cauliflower Eul7F o] wo}
Selgh A4 #@4S dEhia Al ¢k ojed dgde v)ghe] 2o oste] Ao
L Aotk drkH o CHy, &9 9ste] PAdx v tlolojZ = wrute 7)ghe]
Lo web AAAe] wiga kel A7 vhE A JEhuy Aoz deA
ol’fel A+ AMEEE CO° ©@ado]l CHy 849 utd A9 tlojopZr ululto)

BEE 2%aL, CO g2l Fxu7E 153 %A W o] tholop = wvtuto] g

=

a9 4-78 w49 CO% CHiol sXH7F 153 % 15 %8 E4% tolotZm vl
o] ol tfgk AFM 3-D image°lth. AFMOo 2 Z##4 ¥ tholopZ ututo] F
SEM morphology 9l Aot vl&=d 4248 &7 deidxn, 249 A7) AT
2 9 10 gm oo, =olx ¢ 50.0 nmolA 130.0 nmelRth. CO &A%
E=H]7F 153 % Alse] #¥ A7 1.86 nmolA3, CHy &299 %7} 15
A AR EH 71H71E 374 nmAtt. o] Azl gagd] we g9 AR g2
Al vhebd e G Al v)gel EAsk: §Ae Fhe sl Reg BuEa Qg

lo
2 g
o 1o

off
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Fig. 4-6. SEM morphology of diamond thin films as CH; concentration ratio.

(a) CHyH» = 15 %, (b) CHv/H: = 2.0 %, and (c) CHy/H> = 3.0 %.
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(a)

Fig. 4-7. AFM 3-D image of diamond thin films deposited by carbon

source gases. (a) CO/H, = 153 % and (b) CH/H, = 15 %.
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(Kamo 1989). Joffreau(Joffreau 5 1988) 52 vnlolma2u} Ze}=zu} 37| A=ty
o2 tojojge utuetg ZA¢ o B gade] FE9 JWe 2XA {100} ¥
of FE FFHY 7B 2x9 Tt FUESHE (111) Wo] o @o| wagm
H &g 28 Kobashi(Kobashi 5 1988) 5 ©499 s%u9} 7|18 &57}
T7hgl wek AbZHE {100} Heo] #EEG T At olg o] A7 AT Az
T AMZ AwEn JqAT o9 AHgME F&F WA non-diamond A o A
e 2 dTdME COY &#44d FEH7F 163 %2 HAE tololZe whutd A
non-diamond A&£°| Y& Aoz & u thojol2=o A AH FoM wrgA BA

Fo BE W2 4G A% $AS ARNE Aoz 47En

4. SOD +

BN
ot
oX

SOD +& HAoA 7t F2% AL diamond/Si(100)3 poly-Si/diamond F+3*
o} Adeltt. gojet = wtetat At 5|45 oz FAJH poly-Si 2y
= o183t TR AWE SEM22 ®Ade SOD Fxo tid Ad 548 A
&t o}

149 4-89 ()% (b)= CO%t CHs &% =87 42 153 %9 15 %= 3
< 9 FAHY diamond/Si(100) FZ2 SEM @ Alxolth CO €499 ¥ x|z}
153 %0 NE(2¥ 4-89 (a)3Fx)e] doloj2= wtete o 15 pme FAE 743
T4 BHZ YA FAEH] glon, AW ofF HY A 2dkn AW ¢
bg Aboldle FFo] ¥AEH A oyt dojolR: JAEL TWA
(polyhedra)o] 22 {IzHE Ate] T AWAA F3o] YHE + Yoy 29 v
2o B FF0] Udetux @t gEld a2y 4-89 (a)9] A2 Bop A
g dojot2E w2 A3 ezt $5ste AL & 5 g 29 4-89 (h)E
CH:ol s=¥7b 15 %2 $#¢ Algel tig diamond/Si(100) 7Z9 @& ALzl o]
o a9 4-89 (a)9 28] AWML FyeA FEo| A HA ¢fgton A AHY)
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«— diamond

— SI

« diamond

51

«— diamond

« SIC

— Si

Fig. 4-8. SEM cross-section image of diamond thin films deposited by carbon
source gases. (a) CO/H. = 153 %, (b) CHyH. = 15 95 and
(c) CHyH: = 1.5 9.
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T Bl gL, 5L AN ol AL tolotR = Yate] APY Yt 7] o
Eolet Aztdrt W] FAE oF 189 umE FUIA FAHUAD, Y 4-691M Y
Ehd A3 o] fojolZ = diutel Izt d W ko wute] FA4E Ao
2 BYq.

Y 4-89 (o)& YololZE B2g 7% Sio] ¥WS A gstE gial SiC v
€ % 80 A9 FAZ JF"Hd 4T F SiC 71H Yo CHs 299 FEHE
15 %2 dolot2= warg FAste FAHE diamond/SiC/Si(100) T+=9 SEM ©
A Aot Al d YA SiC F& tolotBT wtut ZabA] J|Re] 22X
e wol &3 Aol HeEbgon, AWM E FAERZ FAY REA F3o A
g S 2719 9384 4= CO #a9oz ZFHY Asrdg Ehoy o9
2ol 50 #3449 A& SiC 29 &3 @ 93t dojd Aoz Ad. ¢

b

T..

I¥ 4-99 (e 224 COY TEHE 153 %2 ZFFF dololZ= A g
poly-Si€ Z2t& SOD +%9 SEM @9 Aol poly-Siel &&#& At 3187
Y ez tolotZ= vt el oF 4000 A9 FA=2 FHaId. &AW
oot = whatat poly-Sie) FAE FEY ¥ dlxddo. poly-Si/diamond T+
ZojMe] AR FEA FUI, GololE= Qatel JAE Atolo] FEEP Hio
poly-Sio]l AAAH Y& AE B F doy, AWM T3 AFHA U o
71M Ade] HE 32 g& RAE thololZ = wtatel ¥ morphologyd] 9% RO
2 AZEdg 29 4-99) (bt g4 CHo $5HE 15 %2 3t 223 tholo}
22 vt Algol poly-Sig F#% SOD 79 SEM ©® Alrolth. 2 4-89)
(b)ellM =ojd Z3ep o] tololZ= utgte] Fwo] ujiZsly] wZo Zatg
poly-Siel ¥% Z&= ZUF FAZ FAHA Uk a2 AR EEZ BEA
¥ HFEAH 4% poly-Si/diamond AW FGojME thololE2E Az} JYAE Apo)
o #&d® F&o poly-Siol MAA Ae Ae B F Ao WA ol Ao
A& poly-Si/diamond AR FHo] FFo] FNHA @& o2 ¥HIY. H2
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Fig. 4-9. SEM cross-section image of the SOD structure.
(a) CO/H> = 153 % and (b) CH/H: = 1.5 %.

..37_



bonding and etchback ®W#el 23 SOD(bonding and etchback silicon-on-diamond,
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Fig.4-10. C-V characteristics of diamond thin films deposited by CO and CHj
carbon source gases. Frequency = 1 MHz, Electrode area = 0.0025 cmz,

(a) CO/Hz2 = 153 % and (b) CHy/Hz = 15 %.
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Fig. 4-11. I-V characteristic of diamond thin films deposited by CO and CHy
carbon source gases. (a) CO/Hz = 153 % and (b) CHyH: = 15 %.
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Fig. 4-12. Temperature vs. resistivity of diamond films deposited by CO and
CH4 carbon source gases. (a) CO/Hz = 153 % and (b) CHv/Hz = 15 %.
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