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2 B CO% H,o b8 A14% mlojazy Sepxe) 337|453 a2 SOD T2 A4-d kAl thololgE ¥
o}g yAstely, SODTZE A7l 8l diamond/Si(100) T2 $loll poly-Si ¥tehg- xstsletr| 4 Saye 2 Alats) o).
CO/H, &4-92] §8kn] Z7}ol] we} clolotB =2 HAHL octahedronF=oll4] cubo-octahedron T-E£& v}y ¢lon, ZAd

{111} (100} 22 £¢=o A=t 8" A carbon?} non-diamond 4o} ¢l k49 tielolZ & whete CO/H.9 wr%
u)7} 0.18<d of B4 =Eler, 3 A4 (111 He|gioh diamond/Si(100) AHL void7} ¢le BT AEE o]F5ed, o

olotZ= wtate] fAe, FAAF vlHFS 22} 53, 1X107°A/em® 222 9x107&kmel et

Abstract High quality diamond films of the silicon on diamond (SOD) structure are deposited using CO and H. gas
mixture in microwave plasma chemical vapor deposition (CVD), a SOD structure is fabricated using low pressure CVD
polysilicon on diamond/ Si(100) substrate. The crystalline structure of the diamond films which composed of {111}
and {100} planes, were changed from octahedral one to cubo-octahedron one as the CO/H. ratios are increased. The
high quality diamond films without amorphous carbon and non-diamond elements were deposited at the CO/H. flow
rate of 0.18, and the main phase of the diamond films shows (111) plane. The diamond/Si(100) structure shows that
the interface is flat without voids. The measured dielectric constant, leakage current and breakdown field were 5.3, 1

x 107°A/cm? and 9 % 107 2cm, respectively.
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tholo} T ulubo] Fsty|4} FAY o2 Y sleol
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o BEAo) @2 7 Al 59 &zt AHE3He 37t
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tholopZE whuhg- Zitst= by F wlo|A 23 Eelm
u} 3} 8+=24 (microwave plasma enhanced chemical
vapor deposition : MWPECVD) & A Zg}=o}2 4 10
4z Fet2ubs 7hAH, o] & AyA7}t 1, dSvtaE
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Ap- A8 vl A (field emission scanning electron micro-
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42 3~5A17 A, FiA F ubsR AT=E o
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ubo} A AL faku) Wsle] b2 XRD ~HEYo R 2
Aabdch. 29 12 CO/H. shae) 202 22t 0.11,
0.18, J-E].T’_ 0.257} EJE =c O‘U}ml,q A7 22 A7) c}

75.3°2F 91.4° oiw 45}% ﬁJOLt D}OIO}%E ‘#‘#4
(111), (220) 2} (311) Hel] il FAHAHAEZR 0 Z 1] H
gFulol] FAIgle] T 3 AWt Jelbtodt CO/H.9 #
)7L 1ol ot (111) He] wjo]a Zdris Athle 2
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Fig. 1. XRD spectra of the diamond films deposited as function
of the flow rate ratio of CO and H. mixture gases. (a) CO/H. =
0.11, (b) CO/H, = 0.18. and (c) CO/H. = 0.25.
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Fig. 2. Raman spectra of the diamond films deposited as func-
tion of the flow rate ratio of CO and H. mixture gases. (a) CO/
H, = 0.11, (b) CO/H, = 0.18, and (c) CO/H, = 0.25.
o s, AR 27),

a28)3 A=) straind 2Hzt

71.2%, 26nm<} 0.23% o1 x, A2AAY (111), (220) =
(311) Hef] gt FHolz ZAZe L lw: Izm =100 :

22 1 9Z vielyttd, CO/H.2 #efn]7} 0.18¢] SHE% F
g Azl (111) "ol ohigh A== o3, Adge] a7
9} Az}9) straind z+zk 74.19%, 36nme}t 0.16% 11,
tlololE = Aol (111), (22003 (311) Hel) th3l =
o]z 7T & iy lae Ian = 100 : 20 : 82 e}y, =
& CO/H.o fekul7t 0.257} 5|28 a7k Algo) 2 &
Soll & A o]z A== Ly L ¢ [ = 100
23 : 8% w|=dbA Yeldond (111) WHell cfgh A== uj
%, ARYY Z7)9 A=Y straind 27k 69.3%, 25nm
o} 0.23% 2 Al4t=Edch CO/H.9 #-3F8)7) 0.189) A&
9] (111) "ol & AAYH ] Z7]= 36nme]gert CO/
H.9 #8v)7} 0.259] AR lAE 25nmE 74 712 7]
R 4] st de] Fole] 2)8) non-diamond 40|
7 sle Ao Azslch® ag=bd CO/H.8 #abulrt
0.18¢1 A1gellA (111) "ol g A4 277 AR
ulaEAdo) S Aick= Ag & 5 Ack

a8 2 28 19 A8 gk Raman = =7]ojc}
o]5 A& el4 1332cm ™' Aol 7EHA Yepd ~HEZ L
tjololZ o digk 1f- HolzE vlebditk. CO/H.H +
2|7} 0.11 28]z 0.26F Z2H3) AgelA{= 1450 cm™!
~ 1600 cm ' g4 vl4§ non-diamond A E¥-< e}

< EZ AT SO

Aol @ vhofob groubal 34y 1069

= o)z BEEgl ot CO/M LS feku7) 0188 &
a+gh A) ol A non-diamond A4#& Jelds gje)ms)
257 ekefol CO/H.2) Sakul7h 0.189) A|ZoA] o}
ofol= = o] Ml xal Ho|= (1332cm ') 9 7= (D) &=
7 gelont COM.E Fekulrl 0259 AlBelME
1332¢m ‘ol 4] viebst Helze] e} 24 %93, non-
diamond® FHel= (1500cm 1 2+e] 7] (ID/IN) = =

7hElgd o 1332cm ol 4] vhER ThololE = Ho]m Y

Fig. 3. SEM morphology of the diamond films deposited as
function of the flow rate ratio of CO and H, mixture gases. (a)

CO/H. = 0.11, (by CO/TL = 0.18, and (¢) CO/H, = 0.25.
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ubx o] A}, oL utel PP FolEl &l F
=3l E non-diamondell thdk =4 W7k etching =
7} 72445 7) wWgoln] AzxFE TS FUshe non-diamond
o] ZrhElo) AL We] T2 A (lattice disorder) A&
2 Az} &8 (lattice distortion) AE7} B weto g
PAF Aok 7S 2ulgl. CO/H.9 #=F|7F 0.18<)
Algof| 4] ¥k Zre oF 6.6cm "2 S =) o]
) o} oz pAA clololEz o Raman 2
0 e 2o wbAE gk oF 1.9cm ' 6.7~7.5cm ' H|aLst
o B o Ao 2 FaEghe AE ¢ 7 2
o}, 22y CO/H. 9 fauizt 242 0.113 0257} ==
Z33 Al A Wk E ke 8.lem '¢f 11.8cm e E
Fojmch. o] CO/H.9 #3u|7k 0.259 AlgelAe
B 2 Evte o8 FQd9) Aol AR 7|4t
o] EAsle YA 49 ArhAQl oFo] At g Ak
A} el 9ste] chololE =2} non-diamond A2 A
A&z 7} 723435k non-diamond Hetel] wiEk o=l
Uehls 7o 2 AztEict, Wang 28 CO/H, &4
o) 2 0.12 H& o FAH= chololEm whatol izt
HEx)ZEo] 14~19cm™'E FolFHT, 1420cm™' FFGell A
7}%7} 2 non-diamond A ¥-¢ Jetdls Folz27t #54
oot weba 28 22 (a) 9} (b) o Azpe} w]mstH 2 o
Foll 4 A" chololE s wiube g Zlo B Azt Rt

2% 3¢ CO/H.9) #&u|o © clololZ wiute] ¥
9 morphology S ekl RAelch. CO/H.o| 317} 0.11
o] Fx& Zakgt A8 FHE morphologyt {111} el
2wkl octahedron 7+22 A7) HeE 5o Az, o
ololr ZAA Y A7l ¥ 0.3muolA s A=
olon] e (111} whdkel olsle] HHeks}s]ol glA] o
(29 3-(a) F=&). 2}t CO/H,2 f3n]7F 0.18¢]
e & Z23g A8 E9e {111} WS 3= octahedron
FZ7F BEFA 9ska, Z5F cubo-octahedrontZE
{100} & texture W15 7FA| A {111} {100} He] &
gxlo] glom, 28 3-(a) B} {100} Heo] ©f 3 s
o] 9lx, U&= {100} Hat zk= cubeFE7}F vebt
715 gk (28 3- (b =), 2 morphology+ L&
3-(a) Brh= Hekstg AefE HMoFa glom, tholobE
T AR 7= % 0.5mmelA L5um AEelch 27 3
-(¢) = CO/H,9 %27} 0.257} =5 S3kgh tholo}
2 utete] 9 morphology S BoiF 1 ok AA 4L
2.8 3- (b) ¢} v|&dh TR A e E =] ¢F 2 thol
olZ = ZHAo] okzt EEe] gt o)} SEM AR
B clolo}Z e uiute) A} wheke y|4k B o] HEFRAF
oo uet A 270 8 gAo] AdA wjFdE e
7o 7 A7-EE®

28] 4= CO/H, st 9] fafnlol a2 clojolZz =
o] 9 AA7)E vepd Zleloh o] of scan sizew 2.5
(X 25mE Sk, AFM 0 2 &% tholop2 wbut
o] ®He SEM 9 Axbe}b w5y ALY E7] Hefdd,
AA e =7l % 1pmelded, Foli oF 50nmell 4

X10k 0011

X100k
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Fig. 4. SEM cross-section, (a)diamond/Si{100) structure, and
(b) poly-Si/diamond/Si(100) structure.

130nm o]dch. CO/H, stade] fn7h 0.112 A&
Ae) #1 AA7)E 7.43nm olglx, %87 0.18Y ool
= 1 86nmE FamEdevt fEk)zh 0256 wele 3.
74nmZ F7}ekdck. CO/H, &k492] #3447t 0.188 &
74 wi7h A EHe) AA )7 2F4gh 2l thojolg & bt
o] AHo] Fwrt FUE4E dAAe] octahedronell 4]
cubo-octahedrong 7d PR Wk Zoln], 2 o]
A} Sk E 271 299 = cubo-octahedrond] ZA o]
A EHe AR F7eE ez AZEc ol
7A7)e) Wste vhie] feko] Frge| wet cholop
o] AR T2y} §HH T TN A 6 ATFZE W3lsl7] of
Folch olarel AdEF-E CO/H. hAdel 23t
SOD FZoll Ak chojol e whabe) 42712 CO/H.

e |
el 4 d9] Sku|r) ok 0.181 318 oF & 2ot
SOD FZAAAA 7 Feg 7S diamond/Sigh

poly-Si/diamond Fz2] A®elc}. thojopg s whubst
LPCVD Hho 2 As poly-Si Wahs o]&3hed +4
5 AHE SEM O 2 243ted SOD 2ol g AHSA
& zAbsbelth. o] FEeA tholelE= ik XRD,
Raman Spectroscopy 2 SEM €] morphology &) Z el
wel CO/H.9 g8} 0.180] HEE Z33 A5 5 A
st} 18 5- (1) & diamond/Si FZo & SEM



E
2
2 /'
/-
1 A 1 i 1 A - 1 L

0
008 010 012 014 0I6 018 020 022 024 026 028
CO/M, flow rate ratio

Fig. 5. The roughness of the diamond films deposited as func-
tion of the flow rate ratio of CO and H, mixture gases.
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Fig. 6. C- V characteristics of the diamond film deposited at the
flow rate ratio of CO and H, mixture gases as CO/H, = 0.18.

e Abale Jebd Zo|t} thololg s wtuke oF 2um 9
S 2 FAYE Fago] glon, AlHe obF HEstal
3, Az JAE Alolell= void7b FAH UA sk
tlolob2 = QAHEL @A (polyhedra) o]B2 47t &
Abo] mi= A4 void7t ¥AAE 5 Qlevt 2 et
o} ASolAE void7b el R] etk oiepd] 2d 5-
(a) o] A2 Bol YA tiolo}E T wputd HE A7}
Stk AL ¢ 5 9k 28 5- (b= 28 5-(a) 9
Algof poly-Si€ 3% SODFZ9 SEM w9 Apzle]
t}. 243 tloloEx whukal poly-Siel FAE FEHE
3 A9 vl2stksdc). poly-Si/diamond T2l 412 Al
& Hebx) oghy, tlololE §ize} JAFE Ateled] FE
B B2 poly-Sizk ANA = AE & 5 o, A=
ol 49 voide FEE A Wotet. o7]A Ade] HebA o
71& tholobgx vbute] ¥ morphologyell 27+ 7]
. #Z bonding and etchback SOD (BESOD) ol <3t
b So] gre] AA|E 3 g) o} anodic bondingell &
g S$i(100) /Si0./diamond/Si(100) FZellA Si0./dia-
mond AR ¢854 of= Ho R ¥ o LPCVD %
o] 935}e] diamond/Si(100) 71 o) poly-Si &4
YyAsle 7o) H % SOD 7=tz A4}

SOD FZojj4] tolof & Hiuto] $-53t HAEA S 2
7] $iE A A7) solekgit). mhepA PAE clolop

Lol
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o)A - R4 - ok - ol/hed - RS - HAF 1 SOD FE YAl BE cholopE = wreh Ay

= wlute C_Ve} [-VEA ZAREE SHA4E, ¥4
&, breakdown voltage 5& ZAFsteh. o] o H=9]
"2 0.0025cm7F HEZ dot pAAE o] &EFeT
G
}

N

o
62 CO/H,o fekn|7} 0.180] BEE FoslHA 4
17 Z22kA]7] thojol2 & wlakey did Fi<= 1 MHz,
M7EAYE ~20V oA 20V 7R Aol F9g o FAE C
V B43dolrt. o] o AH-E A9 FAE oF 1.65um
dck. A9 Axgake) Hoighe oF 787pFEA A4t
AT g 5308 Folzig. C-V B4 FAA]
sweep up® down A E<b diamond/Si A4 A3}
7} 22", apebs AlHdGo Exse AR £4
2 Ni=(C.Vw/(aA) Aol 2J3te] sweep up downell 4
oJoJil= hysteresis H419) FHYZF o 2HE AAHC) o
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o 4] dojib= hysteresis T4 HYE, q& D HFF
282 Al AT et} o|F Ao2iE A4y
Aty g 82x 10Mem ez Fo{Hrh o] MUz =
W gko 24 A7) Aol 23t EFF el A dohA] U=
ch. 7|4 A /ALS @2 dubHo s Al thol
ol fAHAL gF 55~57% B3H gate-diamond-
silicon capacitor TZ% |49 A4 6080 22 g
ojo}, SOI FZo4] AHE-H2 e Si0, o] FANT
oF 458 TH= oFzF ¥ groloh. wepA B dpollA Azt
g thololZ s 7k M YS o lon, AH3=
Z7}e)) SOD FERZ 9 H4o] 7hg3lvhe Z& & 5 Ut
a3 78 13 69 Al A -V EAFAE Yehd
Zlolch, A7FEF A G Fol e 843} breakdown &
Ayo] yepA] gFgkom, FAARF) et oF 1X107°A/
cm?e 2 A 59l ql7baigte] of 58V ell4] of 2X107'A
o] AFZ YA e TIAE e SRRl A AFAT
2 AAe) % Feltp. e} [-VEAHA] WHAtE
100V7hA] 2o} Folx breakdown dAre] dolix] ke
Zo 2 Bo} tololZ e upute F-Fol glo] ZF A3}
El9d, breakdown field= &F IMV/cm olitel 7o &
AztEIch, o)e} e XA, HEHE, FAHRFEE W
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Fig. 7. I- V characteristics of the diamond film deposited at the
flow rate ratio of CO and H; mixture gases as CO/H, = 0.18.
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Fig. 8. Resistivity of the diamond films deposited as function of
the flow rate ratio of CO and H; mixture gases.
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3tgd 3, diamond/Si(100) 7% #el poly-Si& LPCVD
Yo 2 Fastgch. oA AR AR g thojolE
dpato] AHA, FHAdH 2y A4 545 SODFE
o] AlAAde) 59 Ao o2 el

) 3R dolol2x wete] 3 AL CO/H, +3%
wlel FAIgle) (111) He 2 vehgooy, CO/H,S Fokl
7} 0.180] H =& 2335 A|8el4 (111) Hell gt AN A
w3k, Ao =vjel Axte straine 27 74.1%,
36nm2} 0.16%°1513, ¥1AA carbon® non-diamond
A¥o] gl A chojolE = bt} YA =

2) CO/H. &1 #3u| F7}ol wgt clojolzz g
AAL octahedronTZo} 4] cubo-octahedron FZE s}
Ao, AAWE {111} {100} 22 £ A=
gich. =& diamond/Si(100) AHE void7} Y= HYF
AHE olFded, ¥H9 AAZle CO/H.9 w37l
0.180] H =& ZaA A|B)4] 1.86 nmo] Hage 713
ot 1 olAte] fEkulo A Frsltdc).

3) poly-Si/diamond/Si(100) FZ3Ae] gloJA poly
-Si/diamond Al\-& tlelo}Ez what ¥ 2] morphology
off olsted HHELA] dster, thelolEn AT AHE
Alejell FEH B poly-Sie® YA voide e}
w2 gkl

dxHEeH A A8A AllE (1998)

4) tlelelEr wiutel {ANG FAARL} vAHFL
CO/H, Bl feulel BAIGe) 242t 53, 1X10°A/
em? 3 9X 10°kem = FUstds, arbxghe 100 v
7}x) Q)7}5td & breakdown @4 dojubx] ket 28
b uiAgghe AR} Frbekel uleh zhadted 500°C
ol 4 72X10°km ) g& 7Rt ZE & 4 A
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