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A Study on the Cleaning Characteristics according to the

process gas of Low~-Pressure Plasma
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ABSTRACT : A silicon oxide cleaning characteristic and its mechanism were studied in RF plasma
cleaning system with various gases such as CHF;, CFy;, Argon, oxygen and mixing gas. The experimental
parameters - working pressure (100 mTorr), RF power (300 W, 500 W), electrode distance (5¢m, 8cm, 115
cm), cleaning time (90, 180 seconds), gas flow (50 scem) were fixed to compare cleaning efficiency by gas
types. The results were as follows. First, the argon plasma is retaining only physical spuitering effect and
etch rate was low. Second, the oxygen plasma showed good cleaning efficiency in electrode distace of Scm,
300 W, 180 secs, but surface roughness increased. Third, CF; Plasma could get the best cleaning efficiency.
Fourth, CHF; plasma could know that addition gas that can lower the CFx/F ratio need. We could not get
good cleaning efficiency in case of added argon to CHF;. But, we could get good cleaning efficiecy in case
added oxygen.
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Table 1. General characteristics of SiO2 film

DC resistivity(Q - cm), 25°C 10" ~10" | Melting point(C) ~1700
Density(g/cm’) 2.27 Molecular weight 60.08
Dielectric constant 38~39 | Molecules/cm’ 23%10%
Energy gap(eV) ~8 Specific heat(J/g - T) 1.0
Etch rate in buffered HF(nm/min) 100 Stress in film on Si(N/m) 2~4x10°
Infrared absorption peakm) _ %3 | Thermal conductivity (W/cm - C) 0.014
Linear expansion coefficient{'C") 5x10

Table 2. Plasma gases used for cleaning of different materials

Material Gases
Silicon CF, CFe/Os CF:Cl, SF./Cl, SFe/Oy SiFs/Os NFs, CIFs, CChFs, CClIFs/SF
S0, CFs/H,, GFe, GFs, CHF3/O,
SisNy CFs/0On, (Fyf/Hs, GFg, CiFs
Organic Solids | O, Or+CFy, Oy#SFg
Aluminum BCls, CCly, SiCly, BCla/Cl,, CCly/Cl, SiCL/Cl2
W, WSi,, Mo CFy, CFyf/Co, CiFs, SFe
TaSi, SFs/Cl,, CF/Cl2
Au C,ClF,, Cl COFs
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Table 3. Reactions in plasma chamber
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Gas Reactions

. 3EE

+ Excited atoms

- Thermal ionization

- Radiation

+ Positive ion collision
« Electron collision

Sope

- Radiative attachment

- Jon-pair production

+ Associative attachunent
« Dissociative attachment

Surface Reactions

ET
+ A Z(field emission)

+ Electron impact

- Positive ion bombardment
- Radiation (photoemission)
» Thermionic emission

=0l &

+ Electron emission
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Fig. 1. A Schematic of plasma cleaning system.

£ 48 1 kW &3¢ RFEA7) (Hiittinger
PFM 1500A)7} AHE-=93 w-&7]¢] 732 400 ¢
2€Rl#22 stk 72 FFE MFC (mass
flow controller)S %3] ¥g7)2 {FYsn, 47
s 52 a8 3 (N7 059)0] He] = shower
head& %3 & w-§7] URel F53A 7txr) &
FEEE Stk hgr) WP AHES ¥ ol A
& 300 ¢oln, 4ol FHHe) FHsHESF Al
Zs}¢lth. PumpingS 1200 £ /ming] ZEje] FE g
1x10% Torre] 71748 & #2)A7)2, ChillerE o}
AT wigr] B, 18l R 7o) d23%9
Wzt exzde] sF5sEE siQch w7 yE
e A 22E 23Y & YE ktype U9}
gejznl Jejg QY 4 Y& Langmuir Probev}
Aol ok

32 4 3

g dFdde 4E dolHd dHte 43
N F JtaF st o Fekzol 438 58§
o siate] EE E4E7] Nt 4dEdd 2
HEg A a7t 49 ptype dolHd Fad
< 42N TRE FHAY SaHE A
HAH(R7)E, A4 AAH)Z Wet stationd
PP, A= 1000 TN FA (F27]A9%
AaVA FA FH)LE G333 oA Qi
3ty 2ksiete]l F7= NanometricsAte) BFoben&
7] (Nanospec AFT 200)8 ©]&3sle] =A%)
AR AY A3tge] BAs 4500 A, 1500 A,
1000 Acjgiet HdA E3FA7 HAHoZ 4786 A,
1638 A, 1009 Aolict AR #olmE Dicng saw
£ olg3ld 15X15an’ FAge) AlHe A=kst R

p-type 4" Si Wafer Eakst A e
(wet station)
- I_IZSO4+H202(4:1)/
- 10min
o
d & 3 - DI water rinse
3-zone heat furnace ; I;f 8:se121 (t01),
at 1000 CT(MT 800) - DI water rinse

- drying(spin dryer)

1 s FAZA
dicing saw : 1.5X1.5 cm” (4786 A, 1638 A,
1009 A)
y
A 3

A AA A HETIAE)
- RF power : 300W, 500W | @O CHF;
- A3 A : 5em, 8&m | @ Ar
- AAGAIZE - 902(1009A) @O
180%(4786 A, 1638A) @ CHF: + Ar(9:1)
- %3 : 50sccm (® CHF; + Ar(4:1)
® CHF, + 0y(9:1)
@ CHF; + Oy(41)
CHF; + O, + Ar(8:1:1)
@ CF.

v

7 4(SEM, AFM, Nanospec, XPS)

Fig 2. A experimental flow of oxidation and deaning,

HYol& M7H 3%



208 A Fehzot 37k GE MBS A7

Ao AlY 24dEe A% 72EFE A
# O E YUFES A FYA 2AANAG 1YL
QIALEL 300 W RF Power, A37te] A#le 5 om,
7tafe 50 scem, MAATFS 180% (4786 A,
1638 A)2 3t A¥stch oo BFVA
2 115 cms} 8§ em 57 WAINAR AL
90z (1009 A)ez H¥3tA 500 W RF Powerdl
A Bste 4Eg ST

A7) Wsle 4786 A 1638 A9 AL
NZtF ez M3l gAH NFELEEE T8 9
st A ZHE &A 3tk =S 300 W2 RF Power
F RAIZ olRE 100 WollA 600 W7tx) ¥4
7] APL ST A} 300 Woll M ¢HY RN Za}
zol7b FASR 7] W Eolct 99 dASE 2R 2
AN geel A 3717 FF A|H (4786 A, 1638
A, 1009 A)el W3t JtaES HSAAH dFst
At 4¥E tAFL HAeln ERE A 1A
2 59 579 A#olch MAAZ we}, AV
REF Powerdl| wiel, A3 Aol ge} A7 12E
H3A 7l YL st

33 484ds ¢ &

AT MWL ¥4 Nanospecs o] 83t sk
FAE 8% 54 F42 289 9323
4%t Bdge AU Y BUEAYR 24
238k XPS (X-ray photoelectron spectoscopy)=
pasiT EW AA7] 242 skl APM(Atomic
force microscopy)& ©]-8-8t) E£4{& Ut

e to wo 13

331 ol2& 7t& AR AR

olRE 7} A9 AR Azl Z4E 237
FRHE 29 LT BT A7 5%
71%e) FEE FA R3] W FFeolvt AR
= Gl BN EF AF A3l BFEE F
Aoz 180 % oM HFo] FyH|ojof Pt
=g RF Power’} &% M43 £57} 78t
ol ¥ AYoA of2 o I A} FolA:
of = UAE 713 olzE YA} Ziwez Yt
Hog AMAol £YE7] ot JRE o2&

CLEAN TECHNOLOGY Vol.7 No.3

7h2e] A 500We HPoz A3 He s} Sam,
AR A0l 180 29 A7 AR w& AR A5
ST e} of2@ shavez 4R A
e Ae H9AQ Wge FEHA FoEe &

o} gojrh

A/ 0ON RE POWEROIM Ti=712 (2 MPSAIZI0R chs vas)

B0 sec MIE
B sec MIE

SZHA)

H37H42lem

A/ 180 sec MIEA] RF Powerol] HE 28t

BU(A)

H37alem

Fig. 3. A result of cleaning by argon plasma in
various operating conditions.

332 A 7bA HA AR
A 7hze] AR 249 272 AL HA @

3 Ao o)FolATh HFole WMol e
a7b 37 w9 Ak TR ZFEd % x4
9] ojFd &% #FJY HAoF AEFHIY 2
ol ¥ XPS £4 BEH <dFA: o dleE
THHAD F, F24 AL e 4¥ ¥ o}
Uzt W37 el S50 U™ CFx Fevid) 9
g F¥oE AWHYY FAHE Fe WAL AY
7 €5 o wed o 89 Hde ot
F Bl =257 g old mE g CFx &7
o7} @37 WA dolA vev] Wik £§



FE - 2PP - YR 209
RF Power’l & 45§ &= oe 44 ¢ ] o
27 2 qURE fo] ITF & LS FE
8 4 A7) o] B3 WA B U9 &9 15000
So] olA Uik7l whEolch. 2aiuk MANZ A4 .
BoE 33 gle RS ARk Al 9% wkg £ ‘&
™ AL X Z =2 5000 e Si2
He] Eﬂlii g 2anst 279 Bol °IT°111-:- ‘ L e LP
g Erlee ¥He g8 F=7F x| dE o SRS
°1t;|—‘ (a) 2 0 00 > X y l‘rDO |5IW
Pholon Energy(eV)
00/ 00W RF powerCilAt M AlZEzE M7 {20l «f@ @2t 14000 N
1M 12000 -
&0 10000 -
< ® W60 sec AIE 8000 - 5046
A0 B 90 sec A1 ] | s
o 4 0180 se0 A1 g™ "’/M\ g e <
2 :[ 4001 /"%\ Cls 1351A:
0 2000 4 w i
4cm Sem 11.5cm ®) 04 J“L
=7 20 am o w0 100 10 taee 160
Photon Energy(eV)
0:/180 sec AFBA| RF poweret M 31208 thE ¥} Fig. 5. Analysis of XFS (a)before and (bjafter oxygen
plasma cleaning,
70
60
50 A&7t AARE RAUEE F 94400 4% 4
50 g oz doln Ao Si02 AFLY A Siv}
“x SiF,8} W2 HEEe] AASND o) dae A
13 U g e E §use AAHE Aoz F
Scm 11.5cm " Aae) S #Hag A9 & Utk AnFez 9
=342 olf7} F3g HEL w33y HNEHA) Z3n ¢

Fig. 4. A result of cleaning by oxygen gas in various
operating conditions.

Figure 5.9} Zo] 4@Ae) Ags} Hivlag
300 W, 180 sec, 115 emol|Al AH S F2o) XPS &4
An 42 F3e 2490 g4 % F g0 &
3ok dYAole FE AME3A ggtey o)A
Ao ALEE Cot F 471 ¥ Fase} gl
7t AbA Eelxoie) wbgsle obA) djolHd F3
37t @&e] F 929 $571 3A&FQ Aol ofx
4E Aol P37 ARE YA Yun 492 IS
Aoz AYIA7] YEo] o] EAZ} ¢S

olde CFx EEui7t 8 58 8922 ¥137] §
Hel AR CFx Eie] 23] Polx7l AL FAN
< ¢ F A8l

I8 oo tF HFE A3 dA ugrE
M Eet2olE 380 NP F 4939, 1 3
3 FZE2) 4 A4 FYHUT AY 273 B
S A7 &ErS APLET BEA FFEY
o a2 Bg7] MAACdE Hu 3R o)M=
¥ AR} IS 34 AANEE B39 ¢ 4 A
ok kS whg 7] A A Ak EgznE 43
Al ER5E gl 38 olde ARAlE ¥de
W27t g7 W &elth

HH2|& M7A M3%



210 A Ezol AFzixel e AAEY A7

02/300W, 180X T4 AR IS AT F)

BT 1603 A
BT 4674 A

32t 742l (cm)

Fig. 6. A result of cleaning by oxygen plasma after
chamber cleaning for 3 minutes.

333 CF 7} A3 23}

CFy 7} ©)83d H3F 23 33 A
7WEFE A £57t 718191, RF Power’} ¥
2 8 238 MY &€ Z4dtd 300WellA &
3oz AAHIAL ol WE B2 dAHoz AF
Al @485 dag 9ol ®wopxlng, 233 A3

CFs/180 sec M RF power2t M3 H2lof af® ¢12}

SH(A)

Ha3Hz

CFa/300 W RF POWEROL A M3 AI2t2 HI AR O£
LE

-20

-40
-60

< -8

% 100 B90s

Ko —120 Il 180s

-140
-160
-180
—200

HRAAH2

Fig. 7. A result of cleaning by CF,; plasma in
various operating conditions.

CLEAN TECHNOLOGY Vol.7 No.3

ol

M]3 inhibitor WA Eo] ¥4YL XPS A
& gAY 4 vk g MAZALe] AFF A
=7t Frhsta ey M3 AtRgE A5 A
gk 9ol ¢ E WFYS AFF ARG
M7 H¥e 58 ¢ ¢ Atk 248 23 4om
ZF Al 300 W RF Power, 180 = F<F AR
Al 71 8 AR AERE 9S4 A

CFy 7}2=2 300W, 180sec, 4cmor 23 &l
XPS 2473 A4 Hae 722393, €4 9 F
Hae uF F7BIAD. ol F dztel 4§ Ay
$o2 a7l AAHD, BHEF G @i} B4
2z} AFEC) EIPLIFERZ FAHY A A
o2 Ard

b ol

Ao [ oo M b
[‘E&J

U

Si02 blank

20000 4 O1s
15000

10000

Intensity

4
5000 | —-»*//V\ Si2p

et ‘
Cis LL

T T T T U U T 1
200 400 600 800 1000 1200 1400 1600
Photon Energy{eV)

@

CF4 Plasma

O1s
952.6

18000
16000 -
14000 o
12000 -

10000 4
505.6

6000 Si2p

4000 C1s 13826
12006

(b) 2000

T T T T T T T 1
200 400 600 800 1000 1200 1400 1600
Photon Energy (eV)

Fig. 8. Analysis of XPS (a)before and (b)after CF,
plasma cleaning,.

Inlensity
@
2
3
3

334 CHF; 71~ M3 Edx

CHF:Z M3 23 AR Fio] gunt. A
A7} 7WAEFE 7 £57F S8 SamdA
Hu2 23591, RF Powerd] o2 wH3l gio)
FRHD AR HFE FHFE SV



- 33z

211

CHFy/300 W RF PowerolM A1 Al1at M 3420 R
He}

1000
800
600
400
200

0

B90 sec MY
180 sec 4%

E(A)

Scm
HaAHe

Fig. 9. A result of cleaning by CHF; plasma in
various operating conditions.

CHF; 7}2¢] A% 3" olft XPS 243
BE F3 ol:E & Aedl 300W, 180sec, 115
anoll A 483 22 XPS £42# F 5271 24
F7rtaen, ¥4 w27t F7MEn ) Aa
TEE ZA ARG F T2 949 A4F9 7
oAt F 4271 NAd 7148kR) 831, 4474
o 28 F Yale] 27)¥A (scavenging)o & HFZ

20000 4 O1s Si02 blank
15000
'§ 10000
g I
= 4}‘:
5000 4 — \ Si2p
e e e} N
! Ci1s
04
T v T T T T T 1
200 400 600 8O0 1000 1200 1400 1600
Photon Energy(eV)
CHF3 plasma
250009 Fis
7956
20000 i
150001
6496
]
< B
- |
[
g /,J\,l
5000 (\ Cis
e 1196.6
i
o R —
d T T T T T Y J
200 400 600 800 1000 1200 1400 1600
Photon Energy(eV)

Fig. 10. Analysis of XPS (a)before and (b)after

CHF; plasma cleaning,

Z2¥E o] SiOE AAG L, CFx Eefoje] ez 7

Po] FAE R2Z A"k Au3d HFe 3
4 JEERY SiOx0}e] WYErt wil$ 7] W2
[13] dej&o] AAHE Pl vi3) FUFoZ of¢ B
& ke o] FadtA drt. wetA HFe) 93
duidog g de HeZ sl AAND F
Fzotde] F 27 Z4sea F/C vge 24
3tA =1, MR 7lodste F 2o} 23859 CFx
297t 3718l MFRhs F&Fo] $Sy¥UTE
Ae @29 F o 5& ¥ag B3 ¢ + Utk

aseg olfg $& EdAE 47 AfMe
Yty oz i Fadt 22 ol 7kaE AU
A[11-12-14] Mg stodof s}, B A7 Fvie) A ¢
F&F J7P o 428 ol2E BE sk
dgsiach

3.3.5 CHF:2+ H7F7) Ao <& 473 &3

CHF3ol] ol2& 7128 4 : 13 9 : 12 AU}
o ¥ 27 94 BF FF3HJAoY CHF e
2 499 daARds FAHE dol Y. F39
Fol Aol ol FAHE CHF; 7h: Ao ¢
o] Ho|H7] wZolt}. ol22L H7IE ZAfdle Al
Ao &E 2, RF Power7l & 48
7h29) vl gol BE&FF, AF At 242 2%
go] AE AT

a2y CHE:o 4td 7128 o229 A9}
olFIAZEAR 4 2 13 9 - 12 Frele A3 A
= AR E0F 28 4 AWk 9 - 19 vig=w
4P BFRG 4 19 HEE J¥Y Y o &
€ AAEAAE A3, AIL AL YR €H A
a7 A9 et 23 F&He 238 g
Rtk ole 37 AZt W B 3% 24938
A7zl HEFAFHRA vl AIFAY7 Ho, 7)
gol 2 AuAE 7HAD YAHA 2317] o))
CHF; 7}2:o ag E33 2% 4:19 vjg2 &
#atn, A= A7 4cms} Seme) N F7 o] 300
W o 713 & AR 2xE ok

Ll 2~
£ £, o=

HYoE M7A HM3%



212 A Fe=op HYrtao] GE YK 7

EETEA(CH3+02 9:1) & Ol AlZknt M H2i0)

(h= 993t
100
o 6 300W 90s
Py W300W 1805

U312

EH7EA(GH402 411) @ OfR 3 AjInt TS e o)

B300W 90s
W 300W 180s

=742

Fig. 11. A result of cleaning by plasma that add
oxygen to CHFs under various operating
conditions.

CHE: 9l O & 4 : 12 E¥3lo 300W, 180
sec, Sem AF AL|oM HPE AW XPS £4
A, deE 2 44 TRl FAEQL F 2 84
FEe ot F71EIAY. olv 47 F 4AF 29
Q1732 @i daet vk, Fr Mg 7dE
F A 22(15] FeT Astdo] HFHAAN FAd
Chx Z32vj7} $39 222 Agdn.

o]
%
15000 - [
2
& 10000
£ l
<
5000 //I‘J[ Si2p
C1s LL
UV RN |
o
(a)

T T T T T T T 1
200 400 600 800 1000 1200 1400 1600
Photon Energy(sV)

CLEAN TECHNOLOGY Veol.7 No.3

14000 O s (CHF3+02) Plasma
9528 CHF3:02=4:1

12000

10000

8000 4 5056

F1s
7738

4000 4 Cis si2p
12006138156

() "]

Intensity

6000

T T T T Tt
200 400 600 400 1000 1200 1400 1600
Photon Energy (eV)

Fig. 12. Analysis of XPS (ajbefore and (blafter mixing

&=
(CHF; : O» = 4 : 1) plasma cleaning.

336 B9 A £4 An

Setzel AAA 7 EAVE Sl A% s
7} B A&r7|9 Zrjolt). Figure 13.& A% S &
sty 7t 2 WdstE Jebd CHF3S: Ak A el
igte] ARMo g2 §-4g dFojct. AFME Ed A
A7E F3387] Y3t ALEE D=l scan sizew 1
x1 m2el2 &3Ade 33049 2ge2 #AQch
23 3% g A7, RMS AY7|, 4ho}7 Fol,
HZ wol, FL &) 59 ¥ A5s €& + I
itk RMS AA7|e) 2§ ok Aoz ¥ 5
Rk AW B g P BgE z PP ¢
chi &9,

RMS A3 7}{Root-mean-square roughness) Rrms
’ ;: (Zk"E )?

- =1

- n—1

CHF3;9] Rave, Rrms, Rp-v & z}zk 013 A,
036 A, 652 Aol 4o Aol 192 A, 274 A,
279 A2 27t A AR BP9 E el dg o=
YR o} AN, Wgde)  Ata ghege] 3oy
AE 7HAT AHEA ArMEtY FelFU £HEH
Hol dojyi7] YELE ARHEZ HAE AR 7}
28 AMgAds oA EnE ARAI7) 7] $5
o FrWHAE B AL §), RF-Powerg 3
Astd QA AE £Y "ot Aok

{(z : 9F z ¥°))



213

Hg. 13. AFM pictures after (a)CHFs and (b)O: plasma
cleaning.
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