271

B EHI X
Jouwrnal ef the korean Institute of Surfac e Enginecring
Vol 25, No., 1, 1993

<=

RF&sjE|gler 534 a-Sii-C, | H 98] 238529}
B3 A miXe SR A

-6;“,:;“ E} < 0]—6:“13
FFAN7 Y AZTHH

Effects of Depositicn Parameters on the Bonding Structure and
Optical Properties of rf Sputtered 2—=Si,-.C,:H films

Seung Zeon Han, Hyuk-Sang and Hyuck Mo Lee

Korea Adavnced Institute of Science and Technology

Abstract

Amorphous hydrogenated silicon carbide(a-51,-C, : H) films have been prepared by the rf zputtering
using a silicon target in a gas mixture of Argon and methane with varying methane gas flow rate{fqu) in the
range of 1.5 to 3.5 scom at constant Argon flow rate of 30 scem and rf power In the range of 3 to & W/cm?
The effects of methane flow rate and rf power on the structure and optical properties of a—31,_.C, ! H films
have been analysed by measuring both the IR absorption spectrum and the UV transmittance for the films.

With increasing the methane flow rate, the optical band gap(E;) of a—581,_.C, . H films increases gradually
from 1.6eV to the maximum value of 2.42eV at rf power of 4 W/em?, which is due to an increase in (0/S1 ratio
in the films by an significant increase in the number of C-H, bonds. As the rf power increases, the number of Si
-C and Si-H, bonds increases rapidly with simultancous reduction in the number of C-H., bonds, which is
associated with an increase in both degree of methane decomposition and sputtering of silicon. The effects of rf
power on the E; of films are considerably influenced by the methane flow rate. At low methane flow rate, the E,
of films decreased from 2.3eV to 1.8eV with the rf power. On the other hand, at high methane flow rate, that of
films increased slowly to 2.4eV.

1.4 2 A8 p type window layer ol$o]% PL{photo

luminescence) 3} EL{electro luminescence)} 2]

g vAd gEats eS80 i 42t (LED;light emitting device)® % ]

| Az Fa(E1.7eV)ol vl o oty & e Fireld CCD{charge coupled device),
2]} (optical bandgap)& %7 wﬂerﬁ Ag ) linear image sensor'’# AR&-E 1 gich

4 kA pE window layer® ALEgA olg} zko| A LAMER Fu| AR 8]

F EEE F/AE HoE na Hydm Y ghglgae] Alzwwo . gH¥Za, PECVD

o8 e ERDE olgste) WA F= den W, AWEYH, photo-CVDR Fo) ek 5



272 GFE AT A

ZAl o2 wjAA gabia e Azl A
£, B00T ol4ke] F& oA Hhet A dbE
o] dejur] difel FEZfel FoA7} AL T
siA] YAE 1 A G ] 3 Hrh £
7 AshEo] o Abge] A% Heh ol E A
& A7) al vlm A Ao FApel bl
A7t #3kEabg (Photo-CVD) o] Agtsz 9
o} 37}e) organo silane FE-E-E ARL-dbe]ok
&m] ol organo silane FHE-EH Fef 4
45l Hgd 2034, 54 538 nkso oS-
9} 2.9l wAAFl7] AL sk o] olsb s E
”"a‘*‘d% "fl"/ A ol ofHdAg SiC ol a-Sit
H CiH%E g8l SiCel Az 753
Hoqﬂ 7 gk Ailo] Reolgh AAo] glornt

S
A5

o 0‘0

o olxlel Zu] 252 olghe] Fo n]Z‘i
g ’I;(danghng bond density)Z- 7ixl=x 1
r A LISl 340 SATE Aol 3

2T olwl A2 mgkaly] $)ale] W nle] ¢
g o|Ag "WeE FaAgln obH A (polyerys-
talline) = u)l44 74 (micro crystalline)-& A A
A7l wlo] Aol Ban flent ol A A A H
8 ek $EB Aol o

2362 elol] ¢4k a-5iC ; Hel Alz: SiC e
A-d AL A A YA T Fdetd
& ARRSkR wReA 2 (CH, SIHO - o] 88 -5
~HEHY 5ol ot A3 AasEHYYHE F343

o x4 9B Solshx gn BHEEs dob

B eAN R Shol BAYE i 5l
s B ke ST g AdEREE AT
o) A W7 feolshx A4 e ol vs]
Baa Bao] $4t Aoz wnHgic
Hooadge A o AT Rl aR olgE

st e awgyyoer Axdt a—SiICiH
HLULQA /’-;q. 3—1]%4_7}, r!_}-u__]l-gjl ‘_?316__ uil Ja)-_"i-:cl A-])ﬂ
o v PEE ZAste] olF bl WAME
A w53

2. 1. d|EZE gt

[y

A (a—SiCH) et ®=

B dTFo 4 Leybold Herasus Z400 3l 4]
rf wladlE2 ~sfed Aol Ae)F eple
#Aslm g% 5N (99.999%)e] Ar Ao AN

#2590 A5E 1992

(99.99%) 2] =&l AxEHANA 1f vz
% ~A899Ye2 a-SiCH Wotg A% g
o] W] Zi¥h& Aol I 42w 2A(IR absorp-
tion spectra)-& Haled p-type H=E eoimE
A5l Zod B8 B4 (UV-transmittance
spectrayel =8 R4 A#L slsted Corning
7059¢lass5- AlLsteicth. 78S AHEHY cham-
bero] #A9lAlFl E chamberu o] #5771~ e] <3
G #HA4g Folr] dte] f+ w4 FEE ofE
stol AFEE 4x107torr o}ah A W5
., MFC{mass ilow coniroller)Z o]-4%}e{ Ar
JH/*-%-A‘—Q- 0scemo . aAAF| A sl AA
F4-2 15, 2, 3, 3.5 sceme B HIFHARTL F
ul v (hutterfly valve)E ol-§-3fed ~xelg] ol®
& 1~5mtorrZ a4 ok A8kt 2 e iE
A-g Al71sa plasma?] AEE $8 match
ing network®l rf power® #Ha 20F o4
prespuitering-2 Wk eln A g APz
7A-2- Table 1o Feldigl

2.2

i)

N MT Bl AETE 24

a-SiC 1 H whahe] Fz gl 248 BA%r] 4
#he] XPS(ESCALAB 200R:VG ScientificAl)
%) Fourier sransformation infrared spectrome-
ter{Bomem Michelson Series 100)-Z AR&31¢d
o, B3bE 44L FA%7 HeA UV spec-
trephotometer (Bechmen Du-7 )%— AFE-glgdel,

vl Agge) Atz B4E §sted F2
IR 3 £A45 Raman 23 2494 e] A8+
o IR 3 BAwe] 7% 94 AgEe 2y

5 Akl AMSE 30 aSi0H g
o et FEE I GF Aol A b gL
24

[Si-H]=A, j“—(w@-dm
[C-H1=A, If“f(wi) do

2 uehdolalm, A4 Av=14%X10%m ™ 17,
A=10%10%em o2 ehfoldlel o7

A alw)i= IR spectra A9 3 F4A|4olch
=ik Aoz vidd kAo ek FA

£ ZAsl= Wl e 2 Tauc plot

o =T



RFa#egos Zaby a-8i- Gt H wute] Adrzel 334 Aol olx Zabdse] 43 o9g

Table 1.

Sputtering Conditions

{ rf magnetron sputtering {at room temp.)

kChamber volume: 36.4 liter

| Target [ Silicon target (99.999%, 3 inch diameter)
{ Distance between target and substrate 1 6.5cm
Eputtering gas Ar (99.999%)

I Reactive gas

lrf power range

CH,: (99.99%)
IW/cm? ~ 6W/cm?®

l Sputtering pressure

i Deposition time
Substrate

1 ~bmtorr
30 ~50minute

Silicon wafer (Boron doped

v 8~128cm)

Corning 7059 glags

gas flow rate ratio

Q= CHi(scem)
T CH.(scom) -+ Ar(scem)

Ar gas flow rate(f,)

CH, gas flow rate(fen,)

J
0.0476 ' 30 scem 1.5 scem
00625 30 scem 2 seem
0.0909 30 scem 3 scem
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Fig. 1. The Deposition rate as a function of
the CH, gas flow rate for a—Si-,Cy
H fims by rf sputtering
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Table 2. XPS Data for Surface of a — SiC : H Prepared by Reactive Sputtering (rf power : 4W/cm®)

FPeak Identification

CH. gas flow rate

Peak Shift{eV)

Atomic %

C., 0.40
' 1.5 scem Siy, 2.10
! 0, 0.90
F C, 2.00 | 76.86
: 2 scem Siz, 3.30 12,99
[ 0., 1.70 ‘ 7.16
| C., 2.30 ‘ 7131
( 3 scom S, 4.40 14.47
R O, 1% 14.22 |
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