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Abstract

In this research, we proceeded with research on plasma resistance of the cleaning process of
APS(Atmospheric Plasma Spray)-Y,03 coated parts used for semiconductor and display plasma process
equipment. CFy, Oz, and Ar mixed gas were used for the plasma environment, and respective alconox,
surfactant, and piranha solution was used for the cleaning process. After APS-Y,03; was exposed to
CF4 plasma, the surface changed from Y03 to YF; and a large amount of carbon was deposited. For
this reason, the plasma corrosion resistance was lowered and contamination particles were generated.
We performed a cleaning process to remove the defect-inducing surface YF; layer and carbon layer.
Among three cleaning solutions, the piranha cleaning process had the highest detergency and the
alconox cleaning process had the lowest detergency. Such results could be confirmed through the
etching amount, morphology, composition, and accumulated contamination particle analysis results.
Piranha cleaning process showed the highest detergency, but due to the very large thickness
reduction, the base metal was exposed and a large number of contaminated particles were generated.
In contrast, the surfactant cleaning process exhibit excellent properties in terms of surface
detergency, etching amount, and accumulated contamination particle analysis.
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Table. 1. Chemical composition of Al6061-T6 (wt. %)

Gas
Ar, N, H;
=) (+)
Coating ,; Coating
powder powder

Arc <~

Spray stream ',
Y03 coating

Al6061-T6

Fig. 1. Schematic of atmospheric plasma spray coating
process

APS FH-L Northwest Mettechiit9] Axial I
£ o] g3l¥Yi(1E 1, Table 2). BAIAE Ar,
Ny, 283 HyE ZZ 81 L/min, 81 L/min, 1
23 18 L/minE EASIOH, 9= 180 AR
AR5t APS 34 H9HE= 30 mY E A
71E Zt& ShietsuAtY Y034 & ARSI

Table. 2. Details of APS coating process

Equipment Northwest Mettechiil, Axial III
Ar (45 %) 81 L/min
Gas N, (45 %) 81 L/min
H, (10 %) 18 L/min
Arc
current 180 A

Mg Si Fe Cu Cr Zn Al

0.873 | 0.698 | 0.450 | 0.342 | 0.199 | 0.193 | Bal.

2.2 LHZRIR0E S U QRIXt iRt A

ZakRal 2o 93k APS-Y,0; 8 mjuto] yiEakz
ul 54 9 o AJUR} TARF S Fig 29 T2 AlAH

| RF Matching System |
Specimen
Gl

@ Scroll pump SESIR——

Contamination Particle
Analyzer
\ L

©)

Fig. 2. Schematic of plasma corrosion evaluation system
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< ArM8slIt.  CCP-RIE(Capacitively Coupled
Plasma — Reactive Ion Etching) EtJo|H, 34 7}~
+ CF4, Oy, 183 Ar(PFA 52 ZH2) 30 scem, 25
sccm, 1831 5 sccm)yE ARE0FGTtHTable 3). 100 W
o] AZZ IRt ¥ 60F 3¢ SHS JPsialon,
E2nt =5 WL 32.2 af (RS 63.5 mm LF)O]
o}

Table. 3. Details of Plasma corrosion evaluation condition

Gas CF4 : O2 : Ar sccm
30 : 25 :5
Power (RF) 100 RF
Exposure time 60 min
Base 10 ~ 11
Pressure mTorr
Working | 338 ~ 341
2.3 NI

%7] APS-Y203 & CFy 7kA 7|9t S8t =ujo
60% B¢ LE2AZ] & 39 ZFES AAsH] sl
piranha, surfactant, 12|31 alconox&HS A&
sto] NSt e, ZH2ke] £4Z Table 4 AHAllsH
A e it

Table. 4. Details of cleaning solution

Solution Ratio pH
Piranha H,0, : H,SO4 1:4 < 4
Surfactant : D.L .
Surfactant water 1:50 6~8
Alconox : D.L .
Alconox water 1:100 9~ 10

Piranha A2 o] ¢
71 & scourer® 187t *ﬂ’é‘}O} ‘:]' o %, 52+ E"’ﬂ
5859 #HS 53] AU, 100 T2 2E(oven)
oA 3608523t w075ttt Surfactant®} alconox
A9 B9 AASH] Far AH|(scouren)Z 187E Al
Fstiet. olF, YUsH 32+ Bl U Ao,
AP 52 2Ptk

3.yt g nH

3.1 HM g}

2 JFoAE 27] APS-Y,03; AW, Zakzu}f

% AW, A4 F ARH Y 94 2 4
% wsts BEYT 1 adoz: Sehxul o
s Azt Agel 9% A7o] glow, B 34

3= photography image 2+ SEM image&4
= ol 3.1.1°] AAsHA 71&stict. E3L, EH
£ ¥3k= EDSEAZ ol 3.1.20] AAsHA 7]
srsaet.

3.1.1 ¥4 dig}

Fig. 3 9] photography imageE EH %7] 7§
Hutat SeRet =& $9] 39 ¥} F3lsH] U
BT Fig. 3a H{H] Fig. 3bolA 29 3|9 £
Ao E Hola, £ sido] WS HE 9
YL o] 20 93 ¥ AZtd CFy 7kA9] S22
ul ghdo) olg AYgE ©A(C, carbon)7t ¥ =
#Ho| S22 A_i HolH, o]Z¥ o] {FE 2FY
A7F S AoE FZETHEI.

Fig. 3 9 (o), (d), 193 ()= AF 39 #H2
el Ao, Z+Z}t alconox, surfactant, 18|31
piranhaA|&o]t}. Piranha Al3o] 7] APS-Y,0;
®#H} 7PF FASHA UEg 7P S48 AR g
oF ko &Y

ml

> oX,

HH

B orm surfactant, alconox &
= Bk sHAY, piranha A3 (Fig. 3e)9 ¢ &
d drg]7 #2E oM, alconox A& (Fig. 302 4
§ SLFE AT o] &3] MAFEA Aot &
2 ZAF-Eo] IEE AL} Surfactant A& (Fig. 3d)<
3% alconox WH| 953 AAFHE BAAR 71
g ZojA ekzhe] Zhg-Eo] WEE

SEM image©lAl&= 7] tjd] E&t=u} AZto g
A3k #HO| E3 P crater)o] th TEEY, &
2 poreX® FA| FFHL} ol& Y,0; 29 3|do]
CF4, Oz, Ar ETt2H} lr—%ﬂ“q E4(F, fluorine)

of o] #Ho] FT/o] &2 YE:E H3lshHA A
o= @A4o2 Bl TUPACY ©J5hd Y,0;, YF<]
melting point= Z+ZF 2513 K& 1660 K& Y03

O
(&1}

Fig. 3. Photography images of (a) pristine, (b) after plasma
exposure, (c) alconox cleaning, (d) surfactant cleaning, and
(e) piranha cleaning specimen surface
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ojH] YF37} wou, 53} Aegn 3t YE7 W2 A
= ¥ & it 8] WEkA, o=t &Y sfehA ¢
/3 ol 2 Qg YA FHAart 8 QIR AR
Helo

Fig. 4c, 4d, 4e= AP T HEZ YA Aol
M P02 Q) Fig. 4b9] HHZO| AAHUA
yE3So] EEyon, #dH AAZ|7F F7kskidh
Fig. 4c, 4d9] A% WRSH HHS0] A= A<
B 4 9lon, E3], Fig. 4ex= 74l piranha A4
ofof] o5t 5}sh4 w3 o2 9l HHZo| A3 A
A=HA 7P & 39 HIE B

20 pm
S ———

Fig. 4. FE-SEM images of (a) pristine, (b) after plasma
exposure, (c) alconox cleaning, (d) surfactant cleaning, and
(e) piranha cleaning specimen surface

3.1.2 42 st

Fig. 5 9 Table 52 37 ©& A€o 4& s}
£ UEhd Aot} 8 JEL g4t E4ol9, CFy
7k20] Eetzut WAl o3 WAyt ghaol Eio]
ojsf Bgdt. NPT 8 FFL o]
oF B4 oJgh HAME B WSS AASH: Ao
o, 27] AW ojy] SekRal L& $0] AJH ZHOA

Table. 5. EDS analysis results of surface component.

Ly
-

B [ carbon
) Bl oxyeen
Il Fiuorine
[ vttrium

Fig. 5 EDS analysis results of (a) pristine, (b) after plasma
exposure, (c) alconox cleaning, (d) surfactant cleaning, and
(e) piranha cleaning specimen surface

gadt B4 71’ A& €+ Atk Alconox AIA
% fluorine AP AT FgEof o) g4 T
AoFA] k2 Zlog Holt} Surfactant®} piranha
A9 e gael B4V HEEHA 4oken, 27]
AHO| &I Y] WA FARE g B
o} ol 3.1.19 A} A5t AZ & 5 AUk

3.2 42 5 UKL Bst

A7 27] Y 9ol 973 gRld o5 F
= A& dopd, 3A Et=uto] 93t 4
Zrat A 340 93 A7 FHAE & 4 Uk
Fig. 65 X9, 27| ¥ 129 A= 61.5 imO]
o, Et2uo] 607 k&9 § FA= 56.3 mo|t}.
ol oA T3 Y,057F o] &2 YERE W3S
WA AlZo] Z138% ZHolt}t. SRl G0E kEAl
71 5 271t94] 5.2 w7} @459 29, 87 nm/min
9] AZFSE Kol ZACSE Yyt
A FA0 9tk AZ=FEE Fig. 701 eI
MA 54 39 FA= alconox, surfactant, 12|31

Element (at. %)

Process

Yttrium Oxygen Fluorine Carbon
Pristine 29.87 70.13 - -
Plasma exposure 15.18 15.10 64.45 5.28
Alconox cleaning 17.64 31.24 37.90 13.22
Surfactant cleaning 32.49 67.51 - -
Piranha cleaning 29.24 70.76 - -
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Fig. 6. Changes of thickness and etching amount of pristine

and after plasma exposure specimens

piranha Al <02 =4 Uelyon, 24z 44.8 m,
34.2 ym, 25.9 moltt. A 38 EF2nt & §
9 FHoluE 27| 7 71FL Hehzul wE Fo
FARI 56.3 moltt. AZFFE alconox, surfactant,
1#]3 piranha Ag 408 WA epton, zkz
11.5 m, 22.1 m, 30.4 mojc}. o|&e AIE 3
A7 &9 pH7F Rl )l wet AZgol &4
et 2S¢ 4 At (Table 4).

3.2.2 2%t

Fig. 82 AAIZt 2AUYA TAFS Uehd 2o
o 27] Algo| EftRute] kEHWA AT
LA[A TAFH AlFgo] APE AlHo] ET=nt
o kEHUA TASE LAUYR TAFES v
Zot.,

LAY AT SHZ f8l CFy, 0o, Ar EF
zuto] 6025t AlHE =EAHH.

27| APS-Y,03 AJHQI prisitne®] 739 60&5<t 28
7he LAYA7E DA o F, EFt=ut =EE
A& alconox, surfactant, piranha §0& AA
gt 5, oAl CFy, Ar, O E=F2H1O) 60 B =241
ot A 34 F9 2HUAE surfactant o] 4074

300

—— Pristine

250 1 Alconox cleaning

Surfactant cleaning

200 Piranha cleaning

150 4

Accumulated Contamination
Particle Counts

e
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Fig. 8. Generation of contamination particles according

to the cleaning process by plasma

Alconox Surfactant Piranha

Plasma
Exposure Cleani Cleani Cl

s s s

Fig. 7. Changes of thickness and Etching amount of
plasma exposure and after cleaning specimens
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QIA} ¥AEFollA alconox, piranha Al tiE] W
HPEE UERITE maba], S0 A 442
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