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ABSTRACT

This thesis presents the technique of selected area synthesis of diamond films using
combustion activation chemical vapor deposition (CACVD) by acetylene (C,H,) and oxygen (O,)
gas at atmospheric pressure. The main point of thesis is the development of CACVD technique
for synthesized semiconductor material which is developed for application in electronics devices.
The surface nucleation of substrate was studied by using surface pretreatment. The resulting of
surface nucleation, silicon polished diamond powder, silicon dioxide and silicon dioxide polished
diamond powder, are very different. For the pattern fabrication, silicon dioxide mask technique
was used for nucleated diamond protection, but silicon polished by diamond powder in ultrasonic
technique was used for nucleated diamond generation. The synthesized diamond films can be
studied by Scanning Electron Microscope and Raman spectroscopy. The electrical properties of

diamond film were studied.
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microwave plasma
Combustion activation 30-50 800- 1,000 760
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2.2 mﬁmﬂzﬁﬁ’f’m Raman spectroscope

Raman spectroscopy umaiiniiioyldlumsiinnzipuauifvesildumss Tav
- 1 o ' - o = o o y
fianuldemsuonilaveunysuazuns age wiheziiuns Iddmsudniosinuiioann
Uszdninimminsziiaveuns IMATAINAA NV UNYIINA A uHtauazAunIIveIen

o = = as i o da
319910 Raman spectrum 1Hudnanitaviavoaiuseszniteozaeunsveunins 1z 14
4 .
MaNMINUF YOI Raman spectroscopy A 193 UvaIzaaunoluy Inssadaves
1 4

iWeasvieAmihvewnan midaunsausnnnuuanAYIRYsLIZHINBZABLAT VDY

o a o« - Y
18 M3M191m¥09 Raman spectroscope 01015 INgMITRINITNIZIRIMInTs Taondnnives

o o ' @ z o — ar i
Usingmisaiananfenisiansanasvesnnuduuesdwaandu 'l ludanaren lisins
- 5 "o o« s & [ A{ a

AANAY WAYDY Raman 9zuBYAUYTINgMIaimInsziiavesluana Feeguuiuguinn

-y d‘. — J o L r ﬂ'ﬁ
msnszRsveamInnavuiurannmIvuiusnInIdaoudumsduveslnswannse
ueu mldiRaguealraouuaz Tuou auwIihvesanududwasdudniaiuIdua

- A A o s o S o
finauldmadodrlundn Falinnuduius i Polarizability Aseruns

P= OE (2.1)
Taoft P #o TuandmelWfiidaty

E fo auwnih

OL D Polarizability



di = M = =) J’ o 9 o Y a
detimsduvoalasawanimavusuiunzmsnszduues  Raman M lWidans
[ Ed
nJavuilas Polarizability Raman vzilassIdaounisdiuesnun TasIraeuilifaainnis
@ 4 ao d o oA v o . . : 4 a
duvedlalna  Fdinananudmilounuduannnizny (Elastic rayleigh scattering) W33

A a & a0 0w a o -~ ’ g
msmau'lﬂ‘ummmﬂ "-Numlﬂ'iﬂﬂﬂ’nuﬂ‘uﬂﬁm'iﬁuﬂ.lﬂﬂﬂidﬂﬁﬂ(lnelasnc stokes or anti-

stokers scattering) :

1
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Tumsedi 2.1

or o as _ J

[ H o 4
ﬂl‘iNﬁ 2.1 ﬂHUﬂﬁ‘lﬂq Raman spectrumﬁ UAUTAUNUTEFUAAN JUDIAITUDU [27]

Peak position Type of carbon Description

~1,140 cm” | Small size (< 0.1 Hm ) | Occasionally observed in diamond films with very

cubic diamond small grain sizes ( < 0.1 [im )
1,315-1,326 | Hexagonal diamond Broad band, Observed in shock wave produced
em’ diamond
1,332 cm’ Cubic diamond First order peak with FWHM of 1.9 cm’ for natural
diamond
1,345 cm’ Amorphous carbon Broad band. It becomes a shoulder of the 1,550 em’

band when the material is hydrogenated

1,355cm’ Microcrystalline graphite | Observed in materials with small grain sizes
1,550 cm’' Amorphous or DLC Broad band

1,580 cm ' Graphite First order peak

2,458 t::rrfl Cubic diamond Second order peak

2,710 cm’ Microcrystalline graphite | Second order peak

3,240 cm” Graphite Second order peak
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Photolithography

Photo development

SiO, etching
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99.95% , BAIINT 1@ 200-1000 cc/min

VUIAVBIN T DU 100

§UI09 FanouvAlY FanoudvaAIOATUINYS
FONOUDANT 1A TUNANYS
an 'd aa o ar
Fanou laoon lud uazdanoulaoenladoansila
ualunanys

QUHNIFIUTDA 500-1,350 °C

srozvIsznInnladnugIuses

¥ v
wavunais uazulad¥uuen (0.1-1.1 mm)

nalumsdunsien

5-20 W

3.3.1 madannzHuMg IR iAfRe)

s o o - ar s - ey i
miduanzifaumysuugsesriia@ouumsdfunnziougiusesdaneuni

MINTENTIUIOIRWNTTARIOATUINFTVUIA 0.25 pm. HATMIVAAIBMATIASans1 Tariln

n"‘ an i ] 3 a d o ar
AWHANTTVUIA 0.5 pm. TWNIFanouR luiimawssuiuAniun 19lunsnaasamsas
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v
msinaveIRanmysals lumsnaasausniilunisanyidandsvesnar Isunarauas

- aa ' A a4 W o c‘ii-l 1 lla'
FYUUDANUADADMIUINAUDYY WHANITTUAITIEHIUUY ﬂﬂ1u2 N.32

30000 -
~
ot
= 25000
g
820000
z
ngOOQ
E
10000
a
5
600 800 1000 1200 1400 1600 1800
Raman Shift (cm '1)
(a)

520

[

[

Intensity (count)

o

600 800 1000 1200 1400 1600 1800
Raman Shift cm ™)

(b)

v L b

7UN 3.2 AMd1wIN SEM uazA1 Raman spectrum 04 (a) twhaa Igunana () nlaaTrsansen
noasamie 0.95 TaslSinas dasims lnafsesndiou 285 co/min taz oziasi-
A 300 ce/min UMFIMIOIFAROUTAY gaINIFIUTDI 800 °C azaarlums-

as o =
AUATITH 10 U

gl 32 dwmisvesar iianwddapnnlumsduanisdings  wudms
ﬁ'ﬂlﬂﬂzﬁf’{'}ﬂlﬂﬁ’)1ﬂ§ﬂﬂﬁ?dtﬁ1€uﬁﬁﬂ]iﬁ’lﬂﬁlﬂiﬂuﬁzﬁﬂﬁ’l‘ﬂulﬂuﬂ’ﬁﬂm‘ﬁ daunlaavl
Huuenliwumsifaiiandiody Jeamsinneingdunaldnnd Raman spectrum lug1
3.2 (a) ﬂi1ﬂgueﬂﬂﬁuﬁ 1,333 cm’ Fufluvoanauvounysdunsisy ﬁw‘lmﬂm‘lﬂq‘;"uuﬂﬂ

-+ i) . e ' Rk
Usingoeanaui 520 cm’ Fuiluveanduvesgusesdanouuas bivsinguoandudug e

wosannszuumswn Indithl§isouatinnMasendwuiveswiauiisasd e 0.95
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Tavd31nas das1ms InameseenFoumifiy 285 co/min HAZPZIFNAWNIAY 300 cc/min V¢

4 4 . 1 o
dUnnganvaznlalasgln 3.3 dennsanlgasoimswn ndluarsuluwuiufanisen

\ = o =] c;. ar ' I ar A L é s
1111?5311 M ﬁ'l“]iﬂﬂﬂ"lﬂﬂﬂﬂ‘l.lﬂ:l“ﬂflﬁu NoATIAIUMINUHUIADHUIAITUNIT 3.1

» £l nl;
warrulu wlar¥unais war¥uuen

31 3.3 ununmdnyaizn)adfesndouiveiaiau iy 0.95

v ¥ ¥
1z 3.3 alFiseualidiuaesdiufeduvesnlariuluiazalarduuen

Ugnsonnalassulu

CH, + 0, = 2CO + H,

1 ¥
Ugnsonnlaisuuen

2C + 0, —> 200
H, + %0, HO

2C0 + 0, —> 2C0,

3.1)

(3.2)
(3.3)

(3.4)

aas — n’: aaa 9 o o o =
Ugnsomnlassuuenihul fiseusn lufivesmsveunenuuonladsusendinunin

a ci’ 4 a aan
vissmaneuen Ididuiamiveulasenlediiaiy Tuvaziimalslasmuial§ase

¥ 4 ] L
fueendILINUITIMANMUemuiuias Idithnh dufulfisninlaaduueniliife

' o 4 a as ' = W ad '
maenTnfiodnauysal  idlensandasnduimaesnduiuezisiaussning 0.7 -0.95

a = aaa P o’: 'oas - o =) 1 o ad A
nasnnmanalgisoinlasvulunuhdinandemnaezsiausy TasMaozaiaud

¥ ' ¥
mdvegiiiiongluanizifigungiigads 3,200°C. minuladIisuluMseziauszuands

o o A
ﬂﬂnlﬂu Bzﬂﬂﬂﬂ'ﬁﬂaullﬂgﬂ'l"”.lTﬂimuﬂ‘lﬂﬁﬂﬂ'ﬁﬂ 3.5
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C,H, —> 2C+H, (3.5)

¥ " . ‘=|
Tumisnaasai ladmuadasnadiufiasn 0.95 WenTanAwaunsn 3.1 uas 3.5
o e s Aan o [ -’,' A
auday wamljasonnz 14 ezaoumsueu 0.1 mol. uazialalasinunanua 1 mol. 4

whildauaunsn 3.6-3.8

0.1IC + 0.050, —>» 0.1CO (3.6)
H, + 050, —> H,0 3.7
0.1CO + 0.050, —> 2CO, (3.8)

VNAUNTN 3.6 - 3.8 1¥Miwesndouninnioueniivs 0.6 mol. M ldiAalfzen

A ' aaa S C: e la'
auysal Fwdazlfisonsiisnsiveamaiadiullawaumai 3.9

k = AT® exp(-ERT) (3.9)

Taoh Q] fhﬂ&ﬁﬂﬁﬁ?m (cm - cal - sec)

3p 3

0 pre-exponential factor (mole - cm - sec - K)

3

D WAINUNITZAY (cal - mol)

]
' =4

fio AnaveIRY (1.987 cal - K' - mol™)

)Y

I

-

0 uUnAY (K)

4 =™ m » =

nNAuNsi 3.9 hndnnamainsive s jasoniguugiiveaudad Iruly

1523191 3,200 °C HAAIAINTTIIN 3.2

MmN 3.2 Masivesmsinalazolunlas v

Mnedi | maeil | maed Quunqil MasiilFasen
A B E ¢C) k

0 +C,H,->H+HCCO | 1.02X10" | 2 1,900 3,200 9.34 X10"
0+CH,->OH+CH | 4.60X10° | -1.41 | 28950 3,200 7.05 X10"
O+CH,->CO+CH, | 1.02X10" | 2 1,900 3,200 9.34 X10"
O+CH->CH+CO |5.00x10°| o 0 3,200 5.00 X10"
0+CH->H+CO 5.70X10" | 0 0 3,200 5.70 X10"
0,+CO->0+C0O, |250x10" | o 47,800 3,200 245X10°
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Intensity (count)
8§ 8§ ¢ ¢

T

1000 1100 1200 1300 1400 1500 1600
Raman Shift (cm ™)

g

12000
10000
k=
= L)
85000 8
z
2 6000
S
g

4000

2000,

? 1000 1100 1200 1300 1400 1500 1600
LepR Raman Shift (cm ™)

(b) 0.70-0.80 % lasilSu1a3

12000
L~ 10000
]
3
S0
z N
6000
g
K|
4000
e
| : 1000 1100 1200 1300 1400 1500 1600
15kV X2, 000 10pm B200P2 Raman Shift (cm ™)

(c) 0.85% lavluas

301 3.4 MMA1091N SEM 1a2A1 Raman spectrum 409805161819 (a) < 070 %TaeylSias
(b) 0.70-0.80 % Tav31as, () 0.85% Tavr311as, (d) 0.90 % TavilS1AsT Haz(e)
0.95%law)5unsn dasimslvaimy eziwfian 300 cc/min VUFIUTDIFAAOY

v
o o a = o o
Yaiu nlaaIidunans guingiigiuses 800 °c uazranlunmsdunsed 10 W
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10009
5 e
8 8000 =
2

@ 6000

S

=

4000

2000

1000 1100 200 1300 1400 1500 1600
Raman Shift (cm )

Intensity (count)_
E & E
1333

(%]

1000 1100 1200 1300 1400 1500 1600
Raman Shift (cm ™)

(e) 0.95% laul5uas

3N 3.4 (sD) MWE1091N SEM 11azA1 Raman spectrum ¥948AT1d UMY (a) < 0.70 %Tag
131103 (b) 0.70-0.80 % lavi311A3, (c) 0.85% Tauil5u1as3, (d) 0.90 % Taollsuas
uaz(e) 0.95%lavdTNash dasinsInasziwiay 300 co/min VUTIUTOIFANDY

¥
o o as a o 4
vy wadlvyunars gungiiguses 800 °c uaznalumsduasisd 10 wi

A - ar ' = s = ar ¢ A ° =
Wonnsandanaumasendinuiuezanaulumsdunsieidofuramlsuin
s o o ¢ o T
ABNAITUOU MaAIsUsUNaUUeN l9a Mwlalasu vinaunisniswiludng 3.6
ar i 1 y o = o - ‘; J
AWTOUAALIAAINITIIN 3.3 WYL 1A IUDBNTIIUA UL IFN AN YLD ADY

o 1 o o a J [ a0 P
ATUDUITAANY r.mmsuauuauuﬂﬂ‘lmmzmmu ﬂ’l“]!'lﬁiﬂ‘il‘iluﬂﬂ1ﬂﬂ’l
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M99 3.3 YTunamandandiumaeendnuiusziriauaieg

A3 0,/C,H, 0, (mol.) C,H, (mol.) C (mol.) H, (mol.) CO (mol.)
0.70 0.70 1.00 0.6 1.0 1.4
0.75 0.75 1.00 0.5 1.0 1.5
0.80 0.80 1.00 0.4 1.0 1.6
0.85 0.85 1.00 0.3 1.0 1.7
0.90 0.90 1.00 0.2 1.0 1.8
0.95 0.95 1.00 0.1 1.0 1.9

! 4 o " o3 ar ady ﬁl J = |
nAHaNIINARBINUIIEesAIdINveIMweeNFIUNUBZIs AU TUIZTINAAD
YHIAVBIHANIANDL UAZATIUNIA FWHM (Full Width at Half Maximum) 4aAUZIY04

q A 4 o =
voanAUYDINS IWA WeuaasnuMnYeINANF A 1Ad 19 3.4

{ ¢ Ao (] = ar = '
M13190 3.4 HavesRNUMINTALNSATIA UM B ONFUA VLTI AUAIN

85189 0,/ C,H, | VANAN (um) | FWHM (em”) | anwgeveandnuns id (Counts)
0.70 28.0 - 4,400
0.75 27.4 62.50 5,000
0.80 27.0 48.25 4,800
0.85 26.4 37.50 4,600
0.90 25.0 25.25 4,400
0.95 24.6 12.50 3,800

Aﬂ' 4 ar 1 = ﬂ'l J Y
VNATHA 33 - 34 WedanaiuveamaiaunuIulSuaesaeun 1 Ue I
£ < d VA A a a = Y ¥y o -
aﬂmsi’lumq'lmmmmqwanmﬂm uatienIIMsInatIndeYunaIn e lalasnuiina
aemsinauInfFUFUAY Msaaauisudnlosyesvuianane1vfanInlsyiaues
lalasnuniimasiyndandiuie uaziloRnsanii FWHM tazveanduveunsiva
" A W ' o A P4 = ad v oM oA P
NUNUYBOATITIUMFINUNINVUAUNINYDINANIZATUNAINDINBAT FWHM Tif1aaaq
L lﬂ' 4 4y 4 J L
waasnanunNanugennauzuavaazuannmiusan@onnniy  daums
4 d s - ‘l’l
aﬂawmmmqeuaﬁﬂﬁuun's'lﬂmwnusﬂumiuﬂmqmmmmnﬁﬂwﬁ NNUNAHANIHUA

td
HaplldinfSinavesezaeumiveniinadevinandn uarfalalasusziisninade
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o o o v o
AMATHYDINANINGS  INHAMINAADA lduaaIn T UTIEnIeSaTIMs Tnvoananines

mlsmnavesiadi ldninmawn Indveseendinuveziriaudsgii 3.5

70 6,000
—.’E“ 60 + + 5,000
S 50 g
§ 14,000 §
L 40 2
w
£ + 3,000 §
= 301 £
] - 88— 2
i + 2,000
- 20 ¢ s
) g
s o
G 104 T 1
0 t t t } 0
0.75 0.8 0.85 0.9 0.95 ® Crystral size
0, IC;H, ratio ¢ FWHM

A Graphite intensity

10 3.5 amwdwiuiszninmalul§isonsusanms Tauazguamvesndnmegs

minaassde llegihmsinuideguugiivesgiuseshilnadomsifandnmes Tao
innsdunneigungigmsowin desnndefinsenaumsi 3.9 wldhdneives
UgnToezulsmugungii 1ummﬁamim‘i1msmama§1aqmuqﬁ§qud 500 - 1400 °C
Taoramananoauaasiazilii 3.6 HamInARBINUITigungidgaTRaRaIIRY 560 °C
wazquupiiqeqai 1330 °c  Tawviigaingiidind secc 9314 uns W uag pLC
(Diamond-like Carbon) daufiganiigend1 1,330 °C WINANTHADUNAIVBITIUTOY

aa & 1
FaNOUFIANADNAIN 1,420 °C
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g

g

Intensity (count)
TR

20001
600 800 1000 1200 1400 1600 1800 2000
Raman Shift (cm ™)

1333

g

Intensity (count)

J

600 800 1000 1200 1400 1600 1800
18Ky %200 100um DOORD2 & Raman Shift (cm )

£

(b) 560 °C

g
1333

:

Intensity (count)
C

2000
Bogl et - W
600 800 1000 1200 1400 1600 1800
Raman Shift (cm ™)
(o]
(c) 1,000 °C

3N 3.6 NMME1w9N SEM 11azA1 Raman spectrum ¥099MIFIUT0 (a) 500 °C, (b) 560 °C,
(¢) 1,000 °C and (d) 1,330 °C Noasrd@mms 0.95 Iavilsuas dasinis lnama
DONFIIY 285 cc/min HATOFNAU 300 cc/min VUFIUTOITAnOUTAIY 1adlv

¥
FuUNaW Llﬂxl’]ﬁﬂﬂﬂﬁﬁﬂlﬂﬂﬁﬁ 10 W%
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8000 a
5
8 6000
2
w
[
2 4000
=
2000|
e 600 800 1000 1200 1400 1600 1800 2000
15kU _X1,500 1@pm 0OODRO2 Raman Shift (cm ™)
0
(d) 1,330 C

3UN 36 (©0) AMEWwIN SEM 1azA1 Raman spectrum v099Mnigmsed (a) 500 °C,
(b) 560 °C, (c) 1,000 °C and (d) 1,330 °C Ndas1dMM 0.95 TavlTuIas 6as
M3 IMamM¥0NFI9U 285 cc/min HALOUYNAY 300 cc/min  VUFTIUTOITAAOU-

o o n’o’ s 4 =1
Jauu nad Isunais uaznm lumsdunsizy 10 i

- a A J 9 a aaa - o 9 ar
ﬂ'lﬂNﬁﬂ’li‘ﬂﬂﬂﬂimﬂQﬂlHQHIWN\JHL‘ﬂNNﬁ’IHﬂ1ﬂQ‘ﬂMﬂﬂﬂﬂﬂiﬂ’llﬂﬁﬂuﬂ'ﬂﬁﬂﬂi'lﬂﬁ

a ar a 43 b o 1 { o aaa {
AALadAT 1IN Taveandnmy LAy e wramainsivesnisiial iz o iguugil

¥ ] "
3113999199 lundazsuveailad Indraunisi 3.9 Tddsan 3.5

M3197 3.5 snsiimainal§aseriiadanou

=

u

Unien mnsfiFasen (o igumgiiaie

500 °C 560°C | 1,000°C | 1,330°C
H + Si(S)—>Si(S)-H 6.06X10" | 6.20x10" | 7.78X10" | 8.73X10"
H + C(S)—>C(S)-H 6.06X10" | 6.29x10" | 7.78x10" | 8.73x10"
2Si(S)-H —»2Si(S)+ H2 4.09X10" | 7.14x10° | 2.43x10" | 3.48X10"
2C(S)-H—>2C(S)+ H2 4.09X10" | 7.14X10° | 2.43x10" | 3.48X10"
C,H, +2Si(S) —>2C(S) + 2Si(B) + H, 3.38X10" | 3.51X10” | 4.34X10” | 4.87X10”
SiH, + C(S) —>C(B) + SiH,(S) 1.70x10" | 1.77x10" | 2.18x10" | 2.45X10"
Si + C(S) —>C,(B) + Si(S) 1.76x10" | 1.83X10" | 2.26x10" | 2.54x10"
2CH(S) —»2C(S) + H, 1.27X10" | 2.22X10° | 7.56X10" | 1.08X10"
2SiH(S) —»2Si(S) + H, 1.27X10" | 2.22X10° | 7.56X10" | 1.08X10"
SiH,(S) —>Si(S) + H, 831x10" | 1.27x10" | 8.30x10” | 1.73x10"
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4 o i |J = s
dioTavinauazgunimvsskdnnunvinaveananiiving lna¥unlsamgungiiguseds

-
uaadluaisan 3.6

M13137 3.6 HAYDIQUHNNFIUT DINVVUIARANINYS

QUHUNIFINTBICC) YUIAHANINYT (um) FWHM goanduveaung rd
(cm™) (Counts)
560 20 24.0 2,500
800 25 22,0 2,500
1,000 27 18.0 2,400
1,330 35 6.1 2,000

4 o a 4 & 4 &
MNMINN 3.6 nudulieguugiivesgruseunuiuiunaldvinavendniuiy

ad Y - ' 4 -
UATAUAMYBINANAVIITUAU TAu15aNAT FWHM  uazueanauueduns 1Wd iiniaaad

A o o o o U 1 4
mammmmmnnwuﬁi:m‘lwumuamﬁn 11 FWHM llﬂgﬂﬂﬂﬂauﬂlﬂw‘lllﬂﬁ'1?’]5?311?‘?]\3

1Rde3Uin 37 lumsnaassde liflunsmiteulvlumsduansifaumwasuaasdagii

3.8-3.10

W
&
t

8

N
4]
L
t

15 +

Crystral size (um)/ FWHM (cm™)
> 8

w
|
T

o

3000
+ 2500
£
=
- 2000 §
z
11500 §
=
£
&
11000 =
=%
£
(T
- 500

560

800 1000
Temperature (°C)

1330

0 B Crystral size
¢ FWHM
A Graphite intensity

" v o ' - o
310 3.7 anwduiussensgamgiiusesfunum WAz YINAYBIHAN
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(a)

(b)

Intensity (count)

5 VHWW%MJ.,,M,H.,, P vl AN YA

4000 S088 4000 TOS0 3000 9000 10000 11000 12080 13000 14000

2-theta

15000 2
T
- ]

© 510000

z
172}
=
k3
g

5000 J

600 800 1000 1200 1400 1600 1800
Raman Shift (cm ™)

3UN 3.8 MN8N (a) SEM, (b) X-ray diffraction 148 (c) A Raman spectrum Y0IQUNR I
374509 560 - 820 °C AdasIdIMF 0.95 Tav1lSinas dasimalnafseendiou
285 cc/min AT BUFNAU 300 co/min VUFIUIDIFAADUTANUAIWATUNT VLA

v
s o a
0.25 um wla IFunans wazna lumsdunsiey 20 1
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(b)

Intensity (count)
g B

Rore o
4000 5000 6000 7000 $050 9000 1000011090 13000 13080 14000
2-theta

1333

15000,

(c)

g
g

Intensity (count)

g

N S0t

600 800 - 1000 1200 1400 1600 1800
Raman Shift (cm ™)

1 3.9 nmoean (a) SEM, (b) X-ray diffraction taz (c) f1 Raman spectrum YOIDUNNL
3 y g
314583 840-880 °C Mdadwmme 0.95TavilS1nas oans InaMmyesndiou

285 cc/min DY DUANAY 300 cc/min UYUFIUTOIFAADUTANUAWATUNYT VLA

n’: as a =
0.25 pm o IWdunans wazna lumsdunsizy 20 wn
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(a)
e
140
Qﬂl
=
ém
(b) g W
-
L
S«
”J L._VL
" \‘..-“M,. el sy
4000 S000 6050 7000 3000 9000 10080 11000 12000 13000 14000
2-theta
15000 |
© §
310004
2
4
2
g
T

600 800 1000 1200 1400 1600 1800
Raman Shift (cm ™)

-

31U 3.10 AMEWIN (2) SEM,  (b) Xeray diffraction 102 (c) A1 Raman spectrum Y939UNR]
§IU509 900-1,040 °C NdaT1d UM 0.95 TavrlSuas sasims Inafweendiou
285 cc/min UATBIANAY 300 cc/min UUFIUTOIFANDUTANUAIWATUNTTVUIA

E
s as a
0.25 pm e IFunane waznalumsdansien 20 w1



29

A a s o : 5/ 9/ = -:r v A a o

walumsinnziszunuvesiaumsivvzdes 1 fimatianis@onuuue s sdiona

a dey ¢ a & o . a i‘] and o

HANTIAATIZHNA NS I AuMATIAMSIamsiaenuuYessddnd Wudsn e lumsanuaa
ar { o t’-x o Y I

wlsveaInsanan uazdnvazvealdumysndunsizvvu 18 Taeia lims 1dmaiianis Janis

& i A " doa 4 & a nlﬁt ;
lﬁU'JlUH\IﬂQiQﬁlﬂﬂ‘]ﬂ“ﬂﬂ'ﬁﬁi')ﬂﬁaﬂizu1unlﬂﬂﬂu FITNWITDAUATICH LAIN Bragg s law

2dsine = nl

] [ b
dieinmsnameudszuuildnansduasedidumesiuiluszuny (111} (100}uaz
e ¥

52U Aumaiamsidenuuvessididng s lddeda¥uauszuny (111} (100} uaz

szus ifudegli 3.8 3.9 uaz 3.10 muddy TaseniuauedesensmuInnnms

ar " q" & v J o ¥ d‘. - J "

Faudazsuaud deansmuananiuuduassnuiinaiu Tasudazoeansmannsan
i d

A1 Inter-planar spacing (d) 1@fail

o ]

1NN 3.8 wuhillseansusnidumiisyy 44° vufie

20=44"
0=22"

dl ] lﬂl. ar 1 dy o ar ' ' ar
ua:mmmnﬂm"lﬁ'mnmnmflummnmsmumuumnuum (n=1) UMa99105 98

d odq & oy & ° o 1 o
wngnldiiluves cu, . Fezlidnnuonaau 15418 A haitldunuly Bragg’s law

(KOU)

2dsin22” =(1)(1.5418) A

g Lx15418

=220 20594
2xsin22°

devmsannuluiuesdendy  lunsiinserals XRD vosweans il 3.8 3.9
uaz 3.10  wlveanimannudomimsAnnua A1 md) tazifoum Inter-planar

spacing  NAMOIUIANUAMIATTIN  ASTM(6-675) uaaaldlumaneil 3.7  wunhie

o
[
=

o
d=2.059A il Miller indicesh, k,1 (Hu1,1,1 dau M d=1.263A T1h k1 iy 2,

[+] [e]
2,0 d=1.077A HMh k1 53,1, 1 uaz d~0.891A A1 h,k, 1 1ilu 4, 0, 0 muddy



M13197 3.7 M1 Inter-planar spacing YDANFTFUATIZH (ASTM (6-675))
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ASTM 6-675 gaunigmind (° C)
(hkl) Inter-planar spacing 560-820 840-880 900-1,040
(A) {111} plane {100} plane Mixing plane
111 2.06 2.059 2.059 2.059
220 1.261 1.263 1.263 1.258
311 1.0754 1.077 1.077 1.073
400 0.8916 - 0.891 0.891
FWHM (cm’) 5.4 3.6 2.7

— ' o A = a A
INATTHN 3.7 WU1153u1UﬁaﬂﬂﬂQLWﬁf§“ﬂ5'Jﬂﬂaﬂvlg|’u 4 ¥UAAD U (111),

3
YUY (220), 32U (311) wazIzUIU (400) ﬁ'ﬂmﬂ"lﬁﬂszumummimuamm:ﬁlui‘hmu

A d'q:;
ANIDANIHUA

q’: Y A o @ L4 - o
Wiliiennnndnyas Inseduaseivoanysiianuuzaugailuninuuy

[ d as -ﬂ, [ a
Cubic misduasevdaumwsseansoagl1ddsiife $iegungiigiuses 560-820 °C e

Aaddumysszny {111} $299umgiiguses 840-880 °C swiiaflauwyssziny {100}

' a a o J’
$19gUNYLFINIOL 900-1,040 °C smRAHAUNFIIZIITIY LU INVBIHANILAYY

A - 4 4 o
maqquugmﬁmmwmmmmgﬂw 3.11

Inter-planar spacing (A) / FWHM (cm )

[=>]

(5)]
L

E-N
L

w

N

-
s

o
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CVD Single-crystal

diamond diamond
Density (g cm”) 3.515 2.8-3.51[1]
Thermal capacity at 27 °C (J mol 'K ) 6.12 6.195
Standard entropy at 27 °C (J mol K'') 24 28
Standard enthalpy of formation at 27 °C (J mol ') 1.8 84
Effective Debye temperature at 0 — 827 °C, (K) 1860 + 10
Thermal conductivity at 25 °C * (W m'K") 2100**** 2200
Thermal expansion coefficient at 25-200°C**(10°°C™") | ~2.0[2, 3] 0.8-1.2[2, 3]
Band gap (eV) 5.45 5.45
Electrical resistivity ({2-cm) 1012-1016 1016
Dielectric constant at 45 MHz — 20 GHz 5.6 5.7
Dielectric strength (V cm’) 106 106
Loss tangent at 45 MHz — 20 GHz <0.0001
Saturated electron velocity (10" cm's™) 2.7 29
Carrier mobility (cm’ V's™)
electron (n) 1350-1500 480
positive hole (p) 2200 1600
Young’s modulus * (GPa) at 0-800 °C [4] 820-900*** 910-1250
Compression strength (GPa) 8.68-16.53
Poisson’s ratio 0.10-0.16
Coefficient of friction in air 0.035-0.3 [5] 0.05-0.15
Vickers hardness * (GPa) [varies with crystal 50-100 57-104
orientation]
Index of refraction at 10 pm 2.34-2.42 2.40

* higher than any other known materials
*** Young’s modulus=895 GPa), where T in °C[6].

** lower than Invar

*#** Anisotropic characteristic of thermal conductivity of a thick CVD diamond film




319N -2 uaaIns1fSoumounA1 Thermal conductivity

104

Material Conductivity (Watt/cme "
Diamond (Type II) 20.00
Boron nitride (Theory) 13.00
Beryllium oxide 3.70-5.90
Water 5.61
Silicon carbide 4.90
Silver 4.18
Copper 3.80
Aluminum nitride 3.70
Gold 3.11
Aluminum 2.38
Tungsten 1.70
Silicon 1.50
Oil, Transformer 1.36
Iron 0.82
Graphite 0.80-2.50
Palladium 0.70
Platinum 0.69
Tin 0.65
Gallium arsenide 0.46
Germanium 0.28
Titanium 0.20
Quartz 0.07-0.14

Indium arsenide

0.07
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Material Coefficient (X10°/°C)
Silicon dioxide 0.5
INVAR (18-100/°C) 0.64
Diamond (300K) 0.8
Diamond (193K) 04
Diamond (400-1,200K)’ L5
Silicon 2.6
Aluminum nitride 45
Tungsten (polycrystal) 4.5
Sapphire 5.5
Germanium 5.7
Gallium arsennide 59
Beryllium oxide 59
YAG 7.8
Graphite (in plane) 8.8
Platinum (polycrystal) 8.9
Magnesium oxide 11.0
Gold (polycrystal) 14.1
Graphite (along c axis) 27.3

" Gruneisen’s law obeyed in this region
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Material Capacity (J/mols°C)
Silver 25.50
Gold 25.41
Copper 24.50
Aluminum 24.37
Silicon 19.85
Graphite 8.54
Diamond 6.19
Water 4.22
BeO 0.74 cal/cc
Sapphire 0.69 cal/cc
Si0.42 cal

M3 ¥-5 aaansiIouioun Hardness

Material Knoop hardness (kg/mm’)(298K)

Diamond 5,700-10,400
Cubic BN 4,500
Boron carbide 2,250
Tungsten carbide 2,190
Titanium carbide 2,190
Aluminum oxide 2,000
Silicon carbide 1,875-3,980
Titanium nitride 1,800
Case hardened steel 800
High carbon steel 400
Copper 40
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Material Longitudinal Shear
Diamond 18,000 -
Boron 15,000 -
Beryllium 12,890 8,880
Silicon carbide 11,400 -
Silicon 7,500 -
Boron nitride 7,000 -
Tungsten carbide 6,900 -
Aluminum 6,420 3,040
Nickel 6,040 3,000
Aluminum nitride 5,500 -
Tungsten 5,220 2,890
Copper 4,760 2,325
Gold 3,240 1,200
Water 1,498 -
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Material Value (X10" dynecm”)
Diamond 105.0
Tungsten 34.0
Steel 17.2-20.5
Ferrites (most) 15.0
Platinum 14.7
Cast iron 13.8
Copper 12.8
Silicon 11.3
Quartz 7.9-10.7
Gold 7.4-8.0
Silver 7.1-7.8
Aluminum 6.9
Tin 4.1-4.5
Lead 1.4
m3aft -8 uanamsiIouiou Coefficient of friction
Material Coefficient

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




3191 ¥-9 uaaImsnfSouiovnt Optical property

109

Material Refractive Index
Germanium 4.00-4.10
Silicon 3.42-3.50
GaAs 3.34-2.12
Diamond 2.41-2.44
Sapphire 1.58-1.83
Fused silica 1.40-1.48
Crystal quartz 1.52-1.69
Water 1.33-1.34
Calcium fluoride 1.31-1.51
Lithium fluoride 1.11-1.45
Magnesium oxide 1.62-1.77
a3af -10 nananmsnfivudous Density
Material Density (g/cms)

Osmium 22.8
Platinum 21.5
Tungsten 19.3
Uranium 18.7
Copper 8.9
Germanium 54
Diamond 3.52
Beryllium oxide 2.86
Aluminum 2.7
Quartz 2.65
Boron 2.54
Silicon 242
Graphite 2.25
Hydrogen (solid) 0.076
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maan v-11 awsadu Tbihiiguingiivieg veames Tumlidla

T (°C)| o 10 20 30 40 50 60 70 80 90

-200 -5.891 | -6.035 | -6.158 | -6.262 | -6.344 | -6.404 | -6.441 | -6.458

-100 -3.553 | -3.852 | -4.138 | -4.410 | -4.669 | -4.912 | -5.141 | -5.354 | -5.550 | -5.730

-(0) 0.00 | -0.392 | -0.777 | -1.156 | -1.527 | -1.889 | -2.243 | -2.586 | -2.920 | -3.242

+0) 0.00 0397 | 7.798 | 1.203 | 1.611 | 2.022. | 2.436 | 2.805 | 3.266 | 3.681

100 4,095 | 4508 | 4919 | 5327 | 5.733 | 6.137 | 6.539 | 6.939 | 7.338 | 7.737

200 8.137 | 8.537 | 8938 | 9.341 | 9.745 | 10.151 | 10.560 | 10.969 | 11.381 | 11.793

300 12.207 | 12.623 | 13.093 | 13.456 | 13.874 | 14.292 | 14.712 | 15.132 | 15.552 | 15.974

400 16.395 | 16.818 | 17.241 | 17.664 | 18.088 | 18.513 | 18.938 | 19.363 | 19.788 | 20.214

500 20.640 | 21.006 | 21.493 | 21.919 | 22.346 | 22.772 | 23.198 | 23.624 | 24.050 | 24.476

600 24.902 | 25.327 | 25.751 | 26.176 | 26.599 | 27.022 | 27.445 | 27.867 | 28.288 | 28.709

700 29.128 | 29.547 | 29.965 | 30.383 | 30.799 | 31.214 | 31.629 | 32.042 | 32.455 | 32.866

800 33.277 | 33.686 | 34.095 | 34.502 | 34.909 | 35314 | 35.718 | 36.121 | 36.524 | 36.925

900 37.325 | 37.724 | 38.122 | 38.519 | 38.915 | 39.310 | 39.703 | 40.096 | 40.488 | 40.879

1000 41.269 | 41.657 | 42.045 | 42.432 | 42.817 | 43.202 | 43.585 | 43.968 | 44.349 | 44.729

1100 45.108 | 45.486 | 45.863 | 46.238 | 46.612 | 46.985 | 47.356 | 47.726 | 48.095 | 48.462

1200 48.828 | 49.192 | 49.555 | 49.916 | 50.276 | 50.633 | 50.990 | 51.344 | 51.697 | 52.049

1300 52.398 | 52.747 | 53.093 | 53.439 | 53.782 | 54.125 | 54.466 | 54.807
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ABSTRACT

Currently, diamond-like carbon (DLC) film is the main material in preventing the
corrosion of magnetic head in disk drive. DLC coatmgs have proven to be suitable for a
number of tribological applications. Carbon bonding is concerned to film quality such as
stress and hardness. Hardness is a complicated property. Thus, the quality of DLC is focus on
the stress. In this study, Raman and Rayleigh scattering were used as potential technique foi
non-destructive measurements of DLC film. Carbon atoms m DLC films were usually
assumed as one of the two hybridization structures, sp’ and/or sp’. It was clear that area anc
content of carbon structure were related to film stress. Two linear cormrelations foi
establishing calibration curve were obtained from the experiment. Firstly, a linea
relationship between the area under the diamond peak and the film stress was observec
according to the proportional relationship between D (and G) intensity ratio to stress. The
area decreased linearly as the film stress increased.

Keywords: DLC, Raman, Stress
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1. INTRODUCTION

At present, DLC is used extensively to protect read-write head and platter of computer
hard disc drive. Traditionally, these coatings are tested using wear and scratch tester. This
was proved to be time consuming, with long testing time leading up to several days, making
these methods unsuitable for routine use. Therefore, a method for non-destructive rapid
analysis is required. Raman spectroscope is a powerful and rapid monitoring tester in hard
material such as ceramics and semiconductors. DLC film, which is widely used in disk drive
technology is one of the materials proven by Raman. In order to control DLC quality,
multiple technique was used for testing. Vicker’s hardness tester is the technique for hardness
measurement, which destructs samples because of the application of load. Tencor is a thin
film stress measurement tester. It accurately measures the changes in the radius of curvature
of the substrate caused by the deposition of a stressed thin film on the substrate. Round
silicon wafer is run with actual part. This technique consumes more silicon wafer. Therefore,
is not a satisfied method as well.

Carbon atoms in DLC films usually assume one of the two hybridization structures, sp’
and/or sp”. First of electronic configuration is the characteristic of graphite structure. Raman
band around 1580 cm” is known as the G-band. For diamond structure, Raman spectra show
 sharp peak at 1332 cm™. Polycrystalline graphite structures exhibit Raman band around 1360
em’’. This is a disorder-induced Raman band resulting from disordered vibrational modes at
, graphite crystal boundaries and is usually referred to as the D-band. Figure.1 shows a typical
- Raman spectrum obtained from the DLC coatings. The spectrum is fitted well by three peaks;

‘one fixed at 1332 cm™, a second peak for the disorder-induced D-line and the third for G-
‘Line. The area under the line at 1332 cm™ was calculated by the fitting routine and was used
in the comparison with the nano-hardness test results.
In this study, the structural property of DLC films is observed by the changes in the
DLC band as a function of film stress.

2. EXPERIMENT

DLC film was deposited on silicon wafer by IBCVD (lon Beam Chemical Vapor
Deposition). Ethylene gas phase was excited to generate plasma. Particularly, various DLC
deposition duration was used to make DLC with various thickness.

First, the stress of silicon wafer coated with DLC was analyzed by Stress Tester
(Tencor). Raman microscope was equipped with Ar’ laser with 514 nm excitation
wavelength (Renishaw System 1000). Optical micrographs were taken by 50X objective
from three different objectives (5X, 20X and 50X). The laser intensity was kept stable at 20
mW and 6.5 A. The recording time was a few constant seconds.

3. RESULTS AND DISCUSSION

Stress and Raman results for all samples are shown in Table 1.

Raman spectra of all samples are shown in Fig. 2. Table 2 is the average readings from
Raman spectrum in Fig. 2.

Data from Table 2 is shown in term of graph in Index. It shows the fitted correlation. (R
square closed to 1.)
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3. CONCLUSION

In the present work, the use of Raman Spectroscopy for characterization of stress was
demonstrated successful. Correlation between stress and Raman values is well fitted in terms
of polynomial degree. Carbon configuration was found to be very sensitive to Raman
measurement. Moreover, confocal system of Raman was found to be an easy way for
analysis. Therefore, non- destructive Raman could be used in production line instead of
Tencor (Stress Tester) which consumed more wafer.
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Table 1. DLC film condition for Stress and Raman Testing.

1 40 25
2 50 50
3 60 75
4 70 100
3 80 125

Table 2. Stress and Raman value for all DLC film sam)

I.

a)| #Posn D ¥ iint SD SR EWidth BD 2|
30324 | 1431
3737.3 1439

| BWIN|-

4041.4 1394 172 299
1
2
3 .
4 1543 574 193 117816
5 1521 246 140 15722
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Fig. 1 Typical Raman Spectrum of DLC Coating Test.

Fig.2 Raman spectrum of DLC film samples.
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Index1. Curvature of each Raman value and Stress.
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Abstract : This paper was a remarkable point of
the new synthesis method that was combustion
activation. The synthesized diamond was developed
for electronic devices. So it was necessary to
determine the area of patten form of synthesized
diamond films. And study on selective deposition of
diamond films was presented for leading to develop
diamond electronic devices. Surface preparation of
silicon substrate that effects to the diamond nucleation,
was varied the different conditions. The important
parameters of fundamental circuit design were studied
by designing patterns of diamond films. For the pattern
fabrication, fabrication techniques are used differently
such as silicondioxide mask technique or Mirror-
polished technique in order to protect diamond films
generation. The diamond films were analyzed by
several techmiques. Scanning Electron Microscopy
(SEM) was analyzed diamond films growth, grain size

_ and film thickness. Seebeckeffeumnmlymdtypc
_of carrier charge. Raman spectroscopy was analyzed
carbon bonding (sp’ or sp’). The properties of
diamond films were studied on the high temperature
operation. From the experiments were found that the
best method for fabricating diamond films patterns are
using silicondioxide mask technique compared with
using mirror-polished Si for synthesized diamond films
protection.

INTRODUCTION
The Combustion provides gas phase activation through’l

the highly exothermic chemical reaction between
acetylene and oxygen[1-2).1This process provides an

excellent diamond gmmh environment witch mﬂnout_

vacuum chamber./The main eqmpmnt required in the
combustion activation consist of & torch, an oxygen
gas, and a hydrocarbon gas which altered from
acetylene. The concentration of the oxy gas is
99.95%, and 99.5% for the acetylene gas en the
oxygen is burned together with the hydrocarbon gas in
the ratio of 0.95, this will be observe visually in the
flame: the inner cone, acetylene feather, and outer
flame. The Si substrate, which temperature is controlled
in a 800°C, must be putted into the acetylene feather
flame to deposit the carbon atoms from the activated
gas; therefore, carbon atoms will convert itself to be
diamond crystals; moreover, there convert in
continuously crystals of diamond; finally, the diamond
films will raise [3-4]; mean while, the diamond films is
not enough for developing in electronic devices. mainly

oo

depends on the quality of the synthesized crystal [5-7].
To obtain this, the investigation was held to find the
proper growth rate and the growth conditions of the
crystal diamond ; however, the study on selective
deposition of diamond films develop for diamond
electronic devices

All of these procedures will be revealed in the
succession, followed by analysis of the synthesized
thickness of the diamond films, the bond pattern of the
urbmmlteayml,mdtheplmenﬂheﬁlmusmg
SEM, Raman s -and XRD respectively, also

the electrical properties will be studied as well, and the

properties of diamond films were studied on the high
temperature operation, 100. /

EXPERIMENT

The combustion activation technique using the
incomplete combustion of the acetylene feather flame,
will be controlled under the following conditions: - the
volumetric ratio of OC;H; was 095 in the
atmosphere, the temperature of Si sub:mneSOO'C.the
synthesized time between 10 to 25 mins. The
unpolished and polished Si, substrates by either and
abrasion with diamond powder of ultrasound technique
were used, and silicondioxide (5i0;) was used to
protect diamond films generation.

- The Diamond Films Synthesis

The suitable position of oxy-acetylene flame for the
diamond crystals synthesis was examined. The
unpolished Si substrate was used in obtaining the best
conditions for the crystal growth. The substrate
temperature were various from 500-1350°C. The
volumetric ratio of Oy/C;H; were varied from 0.7-0.95
at O, flow rate of 210 - 285 cc/min, and C;H, flow rate
of 300 ce/min with the substrate temperature of 800°C.
Each condition was tested separately. The synthesis
was fixed at 10 mins, 1 atm. The carbon bondings,
growth rate, and grain sizes of the crystals were
analyzed by the Raman spectroscopy and SEM.

The Sel

d Area of Di d Films

Figure.] shows the procedure in which the diamond
films fabrication. First, layer of about 5,000 7,500 and
10,000 A thermal SiO; was grown on a Si (100) wafer
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as shown in Fig.l(a), and SiO; was patterned by
photolithography technique [Fig.1(b)]. SiO; was etched
by the buffered HF acid as show in Fig.1(c). This wafer
was cut in 4 mm X 4mm pieces to be used on the
substrate for the diamond deposition, and substrade
were prepared by abrasion with diamodn powder in
ultrasonic vibration [Fig.1(d)]. The diamond films was
deposited by combustion activation CVD ([Fig.1(e)].
and Si0, was etched by the buffered HF (Fig.1(f)].

(a)

1)

(c)

(@

(e)

Fig.1. Fabrication procedure of diamond ﬁlms.
(a) growth of SiO,, (b) patterning of selected area, (c)
etching of SiO;, (d) polishing of Si surface by
ultrasonic in diamond powder, (e) deposition of
diamond, and (f) etching of 8i0,

The Electrical Characteristic of the Diamond Films

The electrical resistance of the diamond films was
measured by a Takedariken' digital multimeter at a
high temperature operation from 30 - 400°C. The
ohmic contacts were built on the diamond films, 3 mm
x3 mm and 15 pm thickness.

RESULTS AND DISCUSSION

Summarily, to obtain the diamond crystals, the middle-
flame as well as 0.85 the ratio of gas used in diamond
synthesis yields the maximum growth rate. Using
04/C;Hj ratio of 0.95 provides high quality of crystals
and 180 pm/h of average growth rate.

Diamond Films Synthesis
The substrate pretreatments account for the increase in

density of the diamond nucleation by the observation
from SEM, the substrate pretreated by the abrasion

with diamond powder promoted higher growth rau
than that from ultrasonic. The result observed from the
Raman spectroscopy was 1330 cm™, showing that tha
substrate temperature between 560-1,040°C producec
high quality diamond films. Fig. 2. shows SEM
micrographs of the diamond film surfaces at differen
substrate temperature. No any diamond films wer¢
found at 500°C. The diamond {l11} plane, {100}
plane and a combined plane were found in 560-820°C,
840-880°C and 900-1,040°C, respectively.

Fig.2. SEM micrographs of the dependence of the
growth oriented surface on various substrate
temperature: (a) 500°C; (b) 560-820°C; (c) 840-880°C;
(d) 900-1,040°C

From the Raman shift at 1330 cm-1, it was observed
that the 0.95 volumetric ratio of O,/C;H, (O, 285 and
C;H; 300 cc/min) was the best composition to form
‘high quality diamond crystals (Fig.1.).

The results from the XRD found four major types
(111)-, (220)~, (311)-, and (400)-oriented faces. The
odd and the even oriented faces account for the
symmetry of the cubic-type crystals.

- - T e . - - .
Raman shift cm!

Fig.3. The analysis of du.mond films by Raman
spectroscopy

For the combined-planar diamond films, most of them
is the hexagonal crystal type and the crystals that was

— 787 —
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not classified to be in the (111) and (100) planar, and
all have the large size oriented in the smooth pattern as
presented in Fig. 2.(c).

The volumetric ratio of gas was fixed at 0.95, the
substrate temperature fixed at 700°C, under the
difference flow rate of oxygen from 190 up to 570, and
acetylene flow rate from 200 up to 600 ce/min. After
the process fulfilled in 20 minutes, it indicated that
increasing value of the gases flow make a little
increasing in the films growth rate as shown in Fig. 4
and the Raman shift in Fig. 3, yield the high-quality
films.

The distance between inner flame and substrate ~ From
the observation, it appears that volume of C,* increases
in reverse proportion to the distance between the inner
flame, hence the experiment was done to find the
optimize value of the distance where it makes the
highest crystal growth rate and largest synthesized
area. The experiment use the following condition: -
volumetric ratio of gas is 0.95 at the O, and C;H; gas
flow rates 285 and 300 cc/min respectively, substrate
temperature fixed at 700°C, the distance from the inner
flame to substrate vary from 0.4 to 0.9 mm, 0.1 mm
stepping, 2l done in 20 minutes. From experimental
dﬂl..ﬂledlmenfoo 0.4 mm give the ring-shape
-mmmdﬁlm uﬂﬁ:dﬂhmdsmelygmwmthus

is set in the circle shlpe, ‘and the reqmr&n
0.5 mm.

The synthesized time — The condition was set by
these:- the volumetric ratio of gas 0.95, at the oxygen
and acetylene flow rates of 285 and 300 cc/min

ively, the substrate temperature at 700°C and the
time is 10, 15, 20, and 25 minutes. Since the 15
mnumofume.!helynthesmd films starts growing.
And the musmgofﬁlms thickness goes as little as
the increasing of time, caused by the low-growth rate
of diamonds on themselves compares to the growth
rate on the Si substrate. The analysis based on SEM is
illustrated in Fig. 5.

H

]

< Diamand film thicknces (micrometre)
5 Z

=3

= o oo el b
Acctricne gas Mow rafe (co/mis)

Fig. 4. The relation between diamond films thicknesses
and the acetyleneflow rate

At this point, the conclusion for the diamond films
synthesis can be stated as: - The {111}-planar diamond
films grown in the range 560 - B20°C of substrate
temperature, {100}-planar grown in the range of 840 -
880°C, and combined planar grown in the range of 900
- 1040°C. Moreover, the growth rate of diamond films
varies by the factor of gas ratio, distance from inner
flame to substrate, and the synthesized time.

o — o
.Bea 158E28

Fig. 5. SEM micrographs of the diamond films at
different time:(a) 15 mins, (b) 20 mins, and (c)25 mins

The Selected Area of Diamond Films

The mirror-polished silicon mask technique can protect
diamond films growth. The diamond films grown on
the selected area and a few diamond crystals grown on
mirror-polished silicon mask. In this fabrication
minimum of synthesized time is 15 min because the
diamond crystal growth depend by time of diamond
films synthesized and the diamond crystal is difficult to
removal.

The Si0; mask technique can protect diamond films
growth, and the diamond films grow in the selected
area, but several diamond crystals grow on SiO;. In this
technique can synthesized in long time for the
requircment thickness, and diamond crystal on SiOs
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was removed by SiO; etching procedure, but SiO,
thickness is importance for deposition procedure
because Si0; was etched by combustion activation
CVD about 200 A/min at 850°C, and the underside
effective of Si0; etching made taper on the ending of
selected area which made taper of ending of diamond.

Flg 6 micrographs of Fnbticmanpmmdme dnmond
films: (a) diamond deposition, (b) selected area 20 pm
X 20pm, (c) compare between growth on selected are
and Si0; mask, (d) diamond films, (¢) SiO; thickness
enough for protection, and (f) diamond films after SiO;
etching.

The Electrical Characters of Diamond Films

The resistance of the diamond films at room
temperature is 4.04 MQ, as shown in Fig. 7. The
resistance decreased as the temperature increased. At
high temperature operation up to 200°C, it was found
that the diamond films still behave as a semiconductor.
The resistance immediately dropped at the temperature
of 200°C and reached the minimum value of 2.42 MQ
at 400°C. In general, the semiconductor deteriorates at
about 100°C, therefore, the diamond films from this
work has a potential to apply for high-thermal
electronic devices such as the compact-size IC devices
without heat sink. Based on the Seebeck-effect
analysis, this diamond films perform as the intrinsic-
type semiconductor. The resistivity of the films,
measured by a high-voltage meter, is 1x10' Qcm

)

£ B

B

Resistance (M
£

R EE——
M e (M e 3N e Y 0 9
Temperamre (°C)

Fig. 7. The diamond films resistance and temperature
CONCLUSIONS

From the combustion activation technology, the{111}
plane diamond films was obtained at a substrau
temperature of 560-820°C, the {100}-plane and ¢
combined plane were obtained at 840.880.C and 900
1040°C within 20 mins. From the Secbeck effect, the
diamond films is an intrinsic-type semiconductor. The
middle flame is preferable. The maximum growth rate
for the diamond films was observed at the distance
between flame core and the substrate of 0.5 mm. The
best composition to form high quality diamond films i
0.95-volumetric ratio of O4/C;H; (O; 285 and C,H, 30(
cc/min). The electrical resistance of the diamond films
is 4.04 MQ at 200°C. And fabrication of diamonc
films patterns are using silicondioxide mask technique
for synthesized diamond films protection.
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ABSTRACT

In this paper, the characteristics of Metal / Intrinsic / Semiconductor (MIS) diode from
diamond-like carbon (DLC) was studied by using three thickness of intrinsic layer (16, 20 and 40
nm) for checking type of material. The devices were fabricated in the form of Al (M) DLC (1¥/
p-doped-silicon (S) MIS diode configurations. The 20 nm of DLC thickness was studied on
physical and electrical properties. Raman spectrometer, atomic force microscopy (AFM), analyzed
the physical properties of DLC. The current-voltage (I-V) characteristics were measured and
analyzed to examine the transport mechanisms in the MIS junction. The investigation demonstrated
that reverse leakage current was decreased effectively only when the DLC thickness was
decreased, this show that DLC was semimetals property and resulting the higher breakdown
voltage. The mechanism of the forward current was derived from Frenkel-Poole emission and

schottky emission step for electrical pre-conduction and Schottky emission, Tunnel emission and
SCLC step for electrical post-conduction.

Keywords : Diamond-like Carbon (DLC), Metal Insulator Semiconductor (MIS), Diode
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LINTRODUCTION

Recently, Ultra-thin has attracted a lot of attention. The DLC films have many interesting
properties including excellent hardness, optical transparency over a wide range of wave-lengths,
high thermal conductivity, high electrical insulation and resistance against chemical attack.[1-4]
Application such as to prevent corrosion of magnetic head in disk drive technology. DLC Films
can be deposited by a variety of techniques. Techniques such as plasma-enhanced chemical vapor
deposition , DC magnetron sputtering and ion beam chemical vapor deposmon (IBCVD). DLC
films usually assume one of two hybridization structures, sp’ and/or sp’. First of electronic
configuration is characteristic of graphite structure. Raman band around 1 580 em”’ known as
the G-band. For diamond structure, Raman spectrum is sharp peak at 1,332 cm™. Polycrystalline
graphite structures exhibit Raman band around 1,360 em™

In currently, MIS diodes using silicondioxide (SIO") as the insulator have been studied, but
the electrical properties of DLC films have not been investigated in detail. In this work, we present
properties of DLC in the electronics device by current - voltage characteristics and discuss current
mechanisms of the MIS diode from DLC by Schottky emission, Poole-Frenkel emission , tunnel
emission and space charge limited current(SCLC). It is well known that current and voltage
relationship in MIS diode as

—qlg, - JaVTamed
Schottky Emission Izcxp[ al¢s - JaV Tame, )]

kT M

To check Schottky emission for this current mechanism, experimental I-V characteristics are
typically plotted as In(I) versus N

Frenkel — Poole Emission I'n %a{@l )

To check Frenkel — Poole emission for this current mechanism, experimental 1-V characteristics are
typically plotted as In(l/V ) versus N

Tunnel emission [ = __2__! e ""'\f(""a )(‘!‘5
d 3th'
To check Tunnel emission for this current mechanism, experimental 1-V characteristics are
typically plotted as In(I/V~) versus 1/V.

(3)

9, b2

e )

To check SCLC for this current mechanism, experimental I-V characteristics are typically plotted
as [ versus V2.

Space charge limited current (SCLC) I=

2. EXPERIMENT

Preparation of MIS diode, DLC film was deposited on p-type silicon wafer (100) by
IBCVD. Ethylene / Argon mixture in the ratio 4: 1, pressure of 0.78 Par, the R.F. power of 150 W,
Bias 350 V, were controlled. Particularly we use various DLC depositions times corresponding
DLC thickness. The DLC film was evaluated by Raman spectrometer. Raman scatter was excited
using a 15 mW beam of wavelength 514.5 nm from an argon ion laser in the wave number range
600-2,000 cm™. The thickness of the DLC film was measured by using a AFM. The Al elcctrodcs
were evaporated on the DLC films after the deposition. The area of the electrodes was 0.44 cm®. A
cross-sectional view of the MIS diodes is schematically shown in Fig.1. The I-V characteristics of
the Film were recorded using a Hewlett Packard 4061 A.
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3. RESULT AND DISCUSSION

Raman spectra of the DLC films, centered at positions ranging from 1,500 to 1,550 cm™
and shouldering features at 1,320-1,350 cm™. The thickness of DLC films was 16, 20 and 40 nm.

The I-V characteristics of MIS with different layer thickness are shown in Fig.2. From I-V
curve it can be confirmed that there are no Ohmic condition. The reverse leakage current decreased
with decreasing layer thickness. From this result show that DLC film look-like semimetals
properties. :

The I-V characteristics of MIS diodes with schottky emission’s equation are shown in

Fig.3. The current-voltage relationship of them are ln([)OC-\/v , which have positive slope and
linear equation property on 5.76-9.0 V. and 22.0 - 30.0 V.

The I-V characteristics of MIS diodes with Frenkel — Poole emission’s equation are shown
in Fig.4. The current-voltage relationship of them arelu(I/V}acJV . which have positive slope and

the linear equation property between 5.29 and 9.0 V.
The [-V characteristics of MIS diodes with tunnel or field emission’s Equation are shown in

Fig.5. The curmrent-voltage relationship of them are ln(vlr)oc—(%) , Which have negative slope

and the linear equation property between 12.5 and 16.67 V.

The 1-V characteristics of MIS diodes with SCLC emission’s Equation are shown in Fig.6.
The current-voltage relationship of them is which have negative slope and the linear equation
property between 23.66 and 30.0 V.

The result of MIS diodes were show that the mechanism transparent (Fig.7). In forward bias
before conducting step of MIS diode was discussed by Frenkel-Poole emission and schottky
emission. In other hand, forward bias after conducting step of MIS diode was discussed by
schottky emission, Tunnel emission and SCLC, which depend intrinsic thickness.

4. CONCLUSION

Electrical properties have been investigated for MIS diode with insulating DLC films, using
I-V measurement. Charge injection from Si for MIS ask caused by diodes. The mechanism of the
forward current was derived from Frenkel-Poole emission and schottky emission step for electrical

pre-conduction and Schottky emission, Tunnel emission and SCLC step for electrical post-
conduction.
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Optical-beam profiling properties of Schottky-barrier metal-semiconductor—
metal (MSM) structures have been investigated experimentally. Making use of
a planar molybdenum/n-type silicon/molybdenum (Mo/n-Si/Mo) MSM structure
with a wide electrode separation, one-dimensional (1-D) profiling of optical-beam
intensity distribution from a helium—neon (He—Ne) laser was carried out. It was
confirmed that, in addition to the existing photosensing function, the sensitivity
(output photocurrent) of such a structure could be controlled by applying a
bias via lateral spreading of the surface space-charge-region (SCR) at the side
of the reverse-biased Schottky-junction.

Keywords: Planar metal-semiconductor—metal structure; Optical-beam profiling;
Field-controlled optical sensor

1. Introduction

Recently we have shown experimentally that a planar metal-semiconductor—metal
(MSM) structure having a wide separation between the two metal electrodes
exhibits not only the function of a basic optical sensor but also optical sensitivity
field-controllable by the bias applied (Khunkhao er al. 2003). In this study,
we present the experimental results of one-dimensional (1-D) optical-beam profiling
properties of an MSM structure as its application. To our knowledge, no study
has appeared on such an application of planar MSM structures.

2. Operation principle

The essential cross-section of the structure we treat in this study is illustratec
schematically in figure 1. The structure is of a single-slit type (not interdigitated)
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V : APPLIED VOLTAGE

SCR : SPACE CHARGE REGION
L : DIFFUSION LENGTH
D : ELECTRODE SEPARATION
x : PROFILING DIRECTION

Figure 1. Schematic illustration of an MSM structure, leaving an undepleted region even
under a bias.

the bird’s eye view of which is also inset in the figure. Schottky-barrier is formed
at each boundary between the metal and the semiconductor. The separation between
the electrodes located at both ends is wide enough to leave the undepleted neutral
region under the bias we examined. When a bias voltage is applied between
the electrodes, one Schottky-junction is reverse-biased and the other junction
is forward-biased. Such a structure is expected to show lateral spreading of its
space-charge-region (SCR) at the reverse-biased Schottky-barrier, the spreading
of which can be controlled by bias. According to the 1-D simplified model of such
a structure, the width of the lateral spreading of the SCR of the Schottky-junction
reverse-biased towards the other electrode (in the direction of profiling) is expressed
semi-empirically as Khunkhao et al. (2003)

WV =vBVo+ Vo) (D

where W(V,) is the width of lateral spreading of the SCR along the surface of
the active area at an applied bias V.. B=2e</gNn. €< is the permittivity of the
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Optical-beam profiling by MSM structures 597

semiconductor employed, g is the elementary charge, Np is the impurity concentra-
tion and V), is the built-in voltage of the Schottky-barrier, respectively. The barrier
on the other side is forward-biased and assumed here to be nearly flattened.
The photo-induced current Ip(V,) is approximately formulated as (Khunkhao
et al. 2003, Masui et al. 2003),

Ip(Vo) = nlkW(V,) + L) @

where L is the diffusion length of mobile carriers and £ means that the SCR is
k-times more effective for generating the photocurrent than the residual undepleted
region (presumably & is larger than unity), and n is the proportionality factor
including the contribution of quantum efficiency and intensity level of irradiation.
As a result, 7p(V,) would be an increasing function of applying bias V, with a
dependence of /V; + V,. This means that the device structure under consideration
is to furnish the field-controllable iris.

3. Experimental

To make electrodes of 3 x 3 mm?, a molybdenum film working also as a barrier metal
was deposited onto an n-type silicon wafer by an electron-beam evaporator and was
subsequently processed by the photolithography lift-off technique. The electrode
separation lies at 20-2000pm and mainly 2000pum for the clearly separated
photosensitive area from that on the other side. The resistivity of the wafer usec
was (40-50) 2-cm. This resistivity would provide corresponding donor concentration
of some 3 x 10"®cm™. The height of the Schottky-barrier on both sides was
estimated to be (0.55-0.65)eV from the forward current-voltage characteristic
(Sato and Yasumura 1985). Furthermore, from this value of the barrier-height.
the built-in voltage Vj is deduced to be approximately 0.23eV.

We carried out profiling of the light-beam from a He—Ne laser having a wave
length of 633 nm. The optical beam was scanned by every 15 um. Spatial intensity
distribution of the beam to be detected was assumed to be Gaussian distribution witk
radius (20) of 480 um defined at the point of 1/e, its maximum just at the aperture o
the light source quoted by the manufacturer. The dispersion angle of the beam fromr
the source is approximately 0.23 mrad. To control the illumination intensity inciden
onto the sample, a neutral density (ND) filter was utilized.

4. Results and discussion

First, we observed the x-direction 1-D spatial distribution of detected photocurren:
over the whole region between the electrodes. The typical plot for a 2000 umr
separated electrode sample is shown in figure 2. The photocurrent was obtainec
by subtracting the dark current from the current as measured for the same bias
Each peak in figure 2(a) and (b) corresponds to the profile when the polarity of bia:
is reversed. From figure 2(a) and (), the separation of the two peaks is estimatec
to be about 1920 pm, which is a little smaller than the electrode separation of the
sample. It is apparent from these figures that only the SCR of the reverse-biasec
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Figure 2. Spatial distribution of the photocurrent at every 15um step in the x-direction
when the sign of bias is reversed and their superposition. Electrode separation is 2000 pum.

Jjunction contributes mainly to generating photocurrent. On the contrary, the current
from the forward-biased barrier is extremely small and can substantially be ignored.
Next, the photocurrent vs. position relationships for the sample appearing in figure 2
were observed under three different illumination intensity levels at a fixed bias
of 16V. The plots normalized at each maximum are shown in figure 3, where the
solid line represents the Gaussian curve calculated using the parameters given by
the manufacturer of the light source. We find that good agreement has been
obtained between the experimental plots for different illumination levels and the
plot theoretically expected.

We also carried out profiling by changing the bias voltage. Figure 4 shows the
experimental plots for V,=2V, 4V and 16 V. These results show that with increase
in bias the observed output photocurrent also increases. In the present experiments,
we used the silicon wafer with a resistivity of (40-50)Q-cm for the samples.
From equation (1), the resistivity expects a change in the width of the SCR in the
x-direction, W(V,), from approximately 6um to 16um between 2V and 16V.
As a result. it can be concluded that the planar MSM structure examined can be
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Figure 3. Normalized plots of the spatial current distribution from the data under three
different illumination levels. The solid line represents the calculated Gaussian distribution,

taking 2o =480 pm.
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used as a simple intensity profiler of an optical beam of this size. As mentioned
earlier, the profiling was carried out changing the relative position by every 15um
step, which is still larger or approximately equal compared to the width of the SCR.
Therefore, it can be mentioned that the beam profiling would still be effective. This is
the reason why the detected photocurrent is elevated with bias. We repeated similar
measurements on the structure having 20 pm electrode separation. Although the
diffusion length estimated at 70 pm must be considered in generating photocurrents,
no direct evidence of the contribution from the diffusion current was observed.
This result might be attributed to the fact that the SCR is several times more efficient
than the same area within the diffusion length in generating photocurrent (Takano
et al. 2000, Masui et al. 2003). Therefore, we can mention that the structure
examined in this study is usable as a pixel for 1-D optical-beam profiling, having
the field-controllable sensitivity.

5. Conclusion

As a novel a]':aplication, a planar MSM (metal-semiconductor-metal) structure has
been applied to profiling the spatial intensity distribution of an optical beam in
visible range. The Gaussian intensity distribution of the beam from a He—Ne laser
was confirmed experimentally. The MSM structure employed in this study also
exhibits field-controllable optical sensitivity making use of lateral sprsg&iné f the
SCR (space-charge-region) at the active surface. The performance of this structure
is suitably explained by the simplified model.
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