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Plasma resistance of Bi-Al-Si-O and Bi-Al-Si-O-F glass coating film
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Abstract In this study, the microstructure and plasma resistance characteristics of 35Bi,0;-15A1,0,-50Si0, (BiAlSiO) and
35Bi,04-7.5A1,05-50Si0,-7.5A1F; (BiAlSiOF) glass layers coated on sintered alumina substrates were investigated according
to the sintering conditions. The coated layers were formed using the bar coating method and then sintered at a temperature
in the range of 700~900°C, which corresponds to the temperature before and after the hemisphere forming temperature,
after a debinding process. The plasma resistance of the two coated glasses was approximately 2~3 times higher than that
of the quartz glass, and in particular, the BiAISiOF glass film with F added showed higher plasma resistance than
BiAISiO. It is thought to be due to the effect of suppressing the reaction with fluorine gas by adding fluorine to the glass.
When the sintering time was increased at 700°C and 800°C, the plasma resistance of both glasses improved, but when the
sintering temperature was increased to 900°C, the plasma resistance decreased again (i.e., the etching rate increased). This
phenomenon is thought to be related to the crystallization behavior of both glasses. The change in plasma resistance
depending on the sintering conditions is thought to be related to the appearance of Al and Bi-rich phases.
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fEle] 228 E Bi,0(DAEJUNG, 99 %, Korea),
Al(OH),(SAMCHUN, 99 %, Korea), SiO,(SIBELCO,
IOTA6, 99.999 %, Belgium), AIF;(JUNSEL 99 %, Japan)
E ARgsiSith freEle] 24LS Table 19 YeERATH
2l 2AELS 200 @92 SHE EZS 3D mixer
(KMC-T2, KMC, KoreapllX 3A17+ B9t &5ttt
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Table 1
The compositions and thermal properties of BiAlSiO and
BiAISIOF glasses

(mol%) Components BiAISiO  BiAISiOF
Bi,0; 35 35
.. AlLO; 15 7.5
Composition AIF, 0 15
SiOo, 50 50
T, °C) 516 455
2
Thermal CTE (10°/C) 74 92
properties

Half sphere temp. (°C) 862 873
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72h &%+ Ball mil(GLEMG, Global Lab, Korea)d}si
ot 2 f2 4R 271(Dy)E BiAlSiOg} BiAISiOF
717} 44, 3.8 umth. I® FHo|AEE HFES &
2 o-terpineol(99.9 %)s HRIGIZ oEd AEZQXAE
A8 ZH2t FEHE 99:1% A|Zsinh. BlslE
e fE 2E FEHIE 1] HEE EEIth @
FE S 50 wt%). Ho]AEE 3D mixersS ARE-3H
3AIZE &9 E9tete] Alxsisitt

HolREe] @¥ e JFHAAOTH (KP-3000VH, KIPAE,
Korea)oll A 27 2=k, F+ 2l &Fmv 7|3
(99 %, K-tech, Korea)°] F&-S 2 10 x 10 mm® 7
1.38 mm= v} F¥-& gt Z-E A[HES Oven
(OF-W105, DAIHAN Scientific, Korea)ol4] 80°C2] &
E% 6h ¢ xS dx F AW e Bt
1.3 mm$it}.

2 28 AEe BEAdRE 7IESE 700~900°C
oA 0, K SAEAT BRIEE AAsH] 9%
gl 300°ClA] 3 h &It & AlZke] &
SEH MES 0= FHES AA Jzeii.

24 F9E 78 AESY WEHRrM W7k ol
AF5E 61A] Al o]l Kapton tapeZ 373t
&t Sek=nt 27F Al ICP-Etcher(NIE150,
NTM Co., =12 AR&sto] Jsilar o =42
Table 29} 7t} o2 5% 27 5% F2& whEsl]
2h &<k dste] F A7F A7 1 holoh. WEek=wt
AlFS 9Is vl AlEE F= 72](GE124, Momentive,
USA), ¢Fry 71999 %, Hantech, Korea) 2 THAA
A}to] o] (Sapphire Tech, Korea)’} AF&-EIS1t}

fre] AlESY I8 T Aol (T)et €97
F(CTEye +24% 5°C/ming G714 2417](Q400EM,
TA Instruments, USAYE AR&-8lo] 2431t AR €
£47](DTA, LABSYS, Setaram, France)® -f2]e] 2
Aol &5 9 WP =5 Air E9)7]0A SgsIiTh
AL AR EEH, Korea)o® F2]o] AstAEH wh
TEHEE gl

Al F frg] Alge] 243} o= XRD(Dmax-2500,
Rigaku, Japan)g ARE-ste] FASIATHEN e 27

Table 2
Conditions of the plasma etching test
Parameter Condition
RF power (W) 600
RF power, bias (W) 150
CF, (SCCM) 30
Ar (SCCM) 5
0, (SCCM) 10
Pressure (mtorr) 10
Time (min) 60




Plasma resistance of Bi-Al-Si-O and Bi-Al-Si-O-F glass coating film 133

min). U] Az} d3}k o] wAlTE £42
FAPIAER] 7 (Scanning  Electron  Microscopy, SEM)
(JSM-6701F, JEOL, Japan)ys AREslSith 2452 a-
step(Surfconder ET 3000, Kosaka Laboratory Ltd, Japan)
S olgsle] HIEIHL ¥W REE ZEA|(SI-410,
Mitutoyo, Japan)®= 7} MZE 5314 S48t
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Table 304 H™, I8 3 2% BiAlISIO 219}
BiAISIOF= #A= 2] Hr} 2)7}g0] 742 oF 5091 70 %
AL vl yiEgzepde] H= fe Hrh &b 23y
dFupe} Algtole] Hoh A oR UEFetznepdol
@O Table 40 e F 2o HAgee 27+
Hoh AX YEEtzepde] Adide=m vhmbgt. ole
H3 f2d o B R 2R &7 3 Tl #al
el syt doks A& ofvlsith

Figure 1> &0} 7|3 249 BiAlSiO9} BiAISiOF
fr2l ] oeket &4 27 HE CFq+Ar & 7t
20 93k o AES YeR! Z#iZo]3 Table 39 =
e YepSlt Y3 &4 A7 A9 F fEe
e A7 ¥skeE et 941, BIAISIO fele &

Table 3

Etching rates of BiAlSiO and BiAISiOF glasses with the etching
rates of polycrystalline alumina, single-crystalline sapphire, and
quartz glass

Sample name Temperature Time Etching rate
’ (0 (h) (nm/min)
0 196.2
700 1 106.2
iAlSi 0 128.5
BIAISIiO 800 X 1%
0 118.9
20 1 1533
0 162.0
700 1 93.9
iAlSi 0 112.8
BiAISiOF 800 ] P,
0 75
70 1 124.8
Quartz glass - R 2217
Alumina - _ 403
Sapphire - . 29.9
Table 4

Etching rate of BiAlISiO and BiAISiOF bulk glasses [14]

Glasses BiAISiO  BiAISiOF  Quartz glass

Etching rate (nm/min) 86 61 221.6

A A7kl 0hY w, 24 2%rF STHEE AAES
HAHow dopyry, 24 A7kl 1hdd 7% 900°Cel
A FA Al BIAISIOF 2l &Z Al7te]
0hdd W, 274 27t epdrs A4Ed e
stolxt, &4 Al7ke]l 1hd 7% 800°CollA 7hAsich
7F 900°CellA ThAl S7keriTt
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Figure 12} Table 3%t 40llA] WeRA wke} 7ro] BIAISIO
o} BIAISIOF el W] &4 27e waha] 2
ZFgo] Wstal Ha g v W WEERrM S B
Ak ol fEl B4 22 A Foll EHF el |
st ke A& onishe wjAltxe} f2 248t 5
o tigh #4918 zlasieiTt.
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Fig. 1. Comparison of the etching rates of BiAISiO and BiAl-
SiOF glasses.
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Fig. 3. EDS Point & ID of BiAlSiO glass sintered at 800°C-1 h.
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Fig. 4. (a) EDS Mapping of BiAlSiO glass sintered at 900°C-1 h and etched (b) EDS point analysis of white particle on its glass.



136 Sung Hyun Woo, Jihun Jung, Jung Heon Lee and Hyeong-Jun Kim
BIAISIO BiAISIOF
o 900°C 1h m 900°C 1h
o
- .
T t; b ¢ __._,L-—T L N
S =
< 4
S <
u ~
%‘ _L._T.i A % A -? _,N,Jtl T A l i RS
= 2
-— c
L E
I
I + 1 R
M\: 700°C Oh 700°C Oh
W (P " M’i WMW

5 60
2theta(deg.)

20 30 40 50 60

2 theta(deg.)

® Dibismuth trioxide, Bi.03

A Dibismuth dioxide catena-silicate, Bi2SiOs
Sillimanate, AlzSiOs

B Unknown #1

4 Unknown #2

70

o

0

Fig. 5. XRD patterns of BiAlISiO and BiAISiOF glasses.
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