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B dFdAe A2 dojy Zdo| &Adte vFe Zn, Fe, Ti & LEEEC]
UV-excited chlorine radical& ©]&3 AQAMA LYo 2 AAHE HSHAAFE A 33
o A2 dojy Ao AFFHAHoer AF Aol U Zn, Fe, Ti &b SHA|A A
< 2 200CoA UV/ACL ARsAE w, 94 #Hdd(Cl' )0l Fe, Zn, Ti%}t wHg3tad A A
He A& WE A5 FgEuA 3 SEMS T3 29 ¥4 Wsg #AR P, in-linel
2 JdZ4%E XPSE EA w8 F deoly Ed Folgle g9 ey AYLdHE
#FF3lGom, UV/CL AR F A& 7fo] &4s FAEE ¢7] 98 AFMoZ 49
AZANE SA}AT. #agn 33 SEMe] £4 23d ZnS} Fee A AAHHe vtd
H3ES 48] Bae HAdAe] AL M EE A Ao A Tie st A
ARE g Q34T XPS 4.8 FaiA olF 35 ¥ EEC| chlorine radical® Rt
43t diojw W & d3ES A e Zi% #3843, UV/CL A8 E
g w HE dolve EW AV I FUlske AE € F A}l AFAAY
AFHE 53 B u, 9433 UV/CL 2RSS Bysd ZTui=nt 2 PojAE AL
e g Zi’-‘-])(ﬂé Wi of wgle) R} A2ox HAEE 71w & &4 glo] vjuy &
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A study on dry cleaning of metallic contaminants
on Silicon wafer surface using UV/Clz(g)

Son-Dong Su, Kwang-Jin Jeong, Song-Ho Choi,
Hui-Gon Chun and Tong-Yul Cho
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<Abstract>

The reaction mechanisms of dry cleaning of Zn, Fe and Ti trace contaminants on the Si
wafer using UV/Clz have been studied by SEM, AFM and XPS analyses. The patterned Zn,
Fe and Ti films were deposited on the Si wafer surface by thermal evaporation and changes
in the surface morphology after dry cleaning using Clz and UV/Clz at 200C were studied by
optical microscopy and SEM. In addition changes in surface roughness of Si wafer by the
cleaning was observed by AFM. The chemical bonding states of the Zn, Fe and Ti
deposited silicon surface were observed with in-line XPS analysis. Zn and Fe were easily
cleaned in the form of volatile zinc-chloride and iron—chloride as verified by the surface
morphology changes. Ti which forms involatile oxides was not easily removed at room
temperature but was slightly removed by UV/Cly at elevated temperature of 200°C. It was
also found that the surface roughness of the Si wafer increased after Clz and UV/Ch
cleaning. Therefore, the metallic contaminants on the Si wafer can be easily removed at
lower temperature by continuous processes of wet cleaning followed by UV/Clz dry cleaning.
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MEA AZTAAA ALl gol¥ Huel §UHE ode 29 AHNA N}, AF
A% B FRyidd)S) FEE AALEE o2F 0L AL Ve W Ea
ahoh, whebal WEA] Alz7) ol oA AAZIEold FH7] Aol 714

4 4
< 8T AuE Zau AE wHEHe] eu ok LFA V&Y & REOR AAVE
S AxITAY AAHoR ol BUP FAHAHYA L gAo] FEoE AlgHo] gon
E A9 oF 20%E MAFTA] AR T

dA1 = VLSI/ULSI AZFAA &247F wAg - ug3s=n dolve] 743t 42
A3t ol HHe ATV LFHIL Y AFolth dF Eo] golHE gas)
(thermal oxidation), E4E& A Himpurity diffusion), 2 &l& 9t9te] oA d A &S]
epitaxial growth), 387452 (chemical vapor deposition) Z&8x W& 9FA(thermal
process)® 2 FA e FA] AILEA MAH o Frh[4,5].

AYE doly 4o 2949 F 74 L9BEE AA 42y £ 7y EF4EH(1
Na, Mg, K, Ca)® #olF4(Ti, Cr, Mn, Fe, Ni, Cu, Zn)2.E Y& F i, 529
T2 A= FHL Photoresist ashing, Dry etching, Ion implantation S o]t}[6].

A FAAAel dyl 2olq Qled I olfe HYE EHoRRE QA FHEoHE 1
oL AAasterg AA e G933 07 Yot ey AL B8 %k 318kA ok
gol&r7t Yo Wk ol sletaeke] Hyo] B u)go] S FEdrlE o] ulEo
HE o 2 #8490 @Al duEan e et w3 FEtAl ekl Aod FA9)
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UV/Cl(g)ell o% Si-wafer XEES LG &9 d4AAN & 47 3

deep-submicron geometry$t ¥4 AF349 8.7<2 multi-chamber processing®l] 2§31
Zaitke 248 on JuH3)l AR FAY BAHoR RZAHI JE AR Fo g4
< Aoq, B4 T BIRA, Boles A F AxIHAN ZAEHE 4=
(water mark) & MA37) s AARAFAHAAM AYAA FHE AL Tt

FELEYE AAS: AR WY F dolsdd &3jlel AAsE el &zl
ol2¥l i #olAE o] &3 WA AQH(UV)er 97ld da PHEe o] &F AF
Wjo] 2 A itk UV/Cleg o]§& AlAdEe o2 7ka] wiztyso] Adsa AoH4,8]

_r}n:

Aol 1: AeERY °“\7P"“i o] &% UV/Ch AHAA WY& o83t &

glol#4ke] Zn, Fe, Ti w42 AAL w7 &L T3 THA46]

2.4 38 %3
21. 23 A9 74
£ Aod Abg" 2EAA Y :n“é% AA A9HA FEEE 23 F2AA,
UV/Cl AAANAEA, B8 ¥H3E 2 IFE 248 948 B4AE T4 3UtkFig. 1.
Foy7) AYAY F2e A HY ‘?l%%ﬂ, Had gAY, Fegzs F4YHrk(Fig.
2). AEE deolFE A998 A AW LER99.999%)9] d27tE AN F2H
@2 HZo o3 ol REoA sldgErt. FLHZE Jolu niE folM BALHY Ae)A

9] A|7)E 200~600nme} TR A A 40~50 uW/enelth. flolsi7 ARHY HP 87l 28
2 FEo 93 20 torr3EY] AFOE FAT g Aavt2t frdEh

011010 L

= gﬂ’ aaaaaa %

INLET OUTLET
[660000060]
RGA
IR HEATER
XPS, SIMS, AES
W LaMe Multi-Analysis System
[OCOC0] salotrore
e .
REACTOR . —j
——— cl, gas Bi-Water
1L 59— T———

INLET

[ele]ele]slelslele) OUTLET

—
IR HEATER

Fig. 1 Schematic diagram of UV/Cl; dry cleaning system
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Ay ALgH Jit' wae AR Fete g Ay 2HAHA AFRE Hol o]
FEH gAY R EAZIZ WEol AlHo] A3EE RS ¥R 59 HE F £
YR ‘%*351\_ X}ﬂa‘iﬁr Mg dEE7dA Aot E F e vEY dHxvtxE
R} AGAATY, FEYEE 200nm~600nme I3 WS 23 glow, 254amE 7]
F£02 40~50mW/em®el BAL U S zta 917) W] BExpe e dartze o
FEE AR E FFI

Ago ALEE A HHER7|v F2HZS AlAALY AGE 71gA 319 A9H &
#$E F7HA717) HEA d3T 2YE 3t e I AZe 254mmEB IAGAHCG. Al
Hi} vkgd g4 HeES E437] Y8 IAF7E2A AFEA 7Y capillarye 4 9dkS-&
719 F3b FE& 853 AR R fo 44X 7 JEF Fol Ut (Fig. 1).

doly 7td-e 349 120V, kW @24 PF=XE AL A4 150mm A& «1 o] 1
B Ag3e A¥dAn HdEE doly EAAAY 2% HAE HiAE T ¢ I=E S
AE A o, gefoldag ojfdle LERA(FE~500T)s 3T

Vacuum Science Workshop(VSW)ol A #1848 thEd Z@E4 Fujde Fig 3004 1
= Hhe} %}01 XPS, AES, SIMS7F £32F A wix=o] Qi) 2 THEA Al~¥
AtoleE 100 torr® f-AEHE A% BldZ dAse gtk AF HYS 53 ARG o)%
g u %“ﬂﬂ' EHd Alojo] BEE AojlE WHE go] F 3 magnetic linear transfer rod
o AHE #Hol ] Fo & flo] AF system oA wrekEa UV/Cl AA, #4370
A M EE ol 4.

Dual ion beam-assisted
deposition system

[ |

magnetic linear transporter

Fret cleaning | dry cleaning

O 0|00y

Glove box

Cleaning system Analysis system

Fig. 2 Schematic diagram of in-line surface analysis system
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UV/Cl(g)ell 9% Si-wafer EBES LGB A AAN BF AT 5

22. 4% 1y
BE AEE dolsie g4 EAA(diluted HR) S gol25o ¥
AA7FAE A% A A ALE3IAT o8 FAHNAE d9F
AlA B HFEE o83 Fojr] ANMAHE Pt AR de HHE 9
i XFE FEYAM AHez 24AZ FE HEE dolvE B4
A og HAES AF Znot Fe 282 g3 ATAE £ iAsR
AR AL LE DAY T6].

A el od o7ld dih Hodo] g4 wEAS dolry] YA FMEA Sof
& ol&3te ApAsE TS AAG - FHutg AYE do|Fdd WIFFAHOE FAAH
o} folsdel g&utate] k3 o A HHEAIA MARE dol e WHe-Eo] Ay
£ in-line XPS #4-& #Hdc) ¢ SE wlaa g oj&3ly Heg zte wes gE 3
ARAENE sted e R o] ERF PSS Fedn 3 SEMeg Av ®okrh

A E dolsg EAtSe(HF+H0+H0) §HoE 2pditstutg AAS F, "ol
FASL ek Aa7tag AZANAC Zn, Fe, Ti gehe AFEauyoes ztz otget
2o zRo0g A3 #8343 SEM 44 H8-8 71 b g g ey YA
TE w238 Fig 33 & P or BETh

FH)E Z42ke] ABE 1) RT. Cly, 2) RT. UV/Cly, 3) 200C Cly, 4) 200C UV/CL ¢ &
oA HE-g P o e FHo FpAsE Feldn|F ) SEMeR, 3 A& yde 3
A% el 9 AE7)E XPS9 AFM(atomic force microscopy)2-2 EA43I5cHFig. 4).
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(with and without dot mask)

Si-Wafer
4
Native Oxide Removal | _ . y,0,+ 10,
Imin, R. T..
Ng (5%HF + 7%H:02)
D.I. Rinsing « 3min, RT.
N2
Drying 4 «— N2 or Ar
4
Metal Deposition ( <= Thermal Evaporation
4
—
Metal Film ‘
U
Analysis ;

Fig. 3 The flow chart of preparation of metal films

Metal Films
RT. R.T. 200TC 200C
Reference Cly only Uv/Cla Clz only Uv/Cly
Optical Microscope
XPS AFM and SEM |

Fig. 4 Schematic diagram of UV/Clz cleaning and analysis of metal films
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UV/Cl(g)el & Si-wafer RETS S¥ & A Ad A7 7

3. 4% & @
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3.1. ¥R s B4 Ay

Fig. 5~72 RE w23g Abgste 232370 dee 713 2 Afg 200Co A
Cly A& UV/Cla MA F9 XUHF Hsls SEME o]&3te] 43 ZAFjolr} ofuf
a7k F%L 100 mi/min, ¥4 S %k 50 torr, ¥HSAIZFL 1080 At

Fig. 5¢ Zn 999 7} 2o w2 ERFAY ¥WsE BolFm e Abxlolt} 200T
A Clz A8 [Fig. 5] AF RS W% whggo] 7 449 Zn7t 82 3o 713
o MRE AAHE F4E BFE £ AT, 200C UV/ACL MAF[Fig. 5NE 29
Aol o# WrgA ol A d4 HriHo] MAH Znsk o] whgdto] Zn whuto] Ao
gEE A7 soldls AL ALY Zno Zn FSEo] L Z7|e 27 W
200C 2] FelluA9} 50 torr AES] FHA 4A A Brkn BzrET

Fig. 62 Fe &2 SEME AME3 2 270 B8 ER84 W33 nolFx: Aldon
g ¢ 4 %ol Fig. 6@21Fe 489 ez 2349 FHdd AFFHA A
Hg A58 ot 4PN selo] okd BlA& e siEle] ZHHAT) Fig. 6(b)olA
A% 200ColA 1083 Ch AA dd AAo] FA Batx A7 Fe 31gE0] do} )
Atk 2EY 200CAA 1083 UV/CL H8$ Fig. 6(c)NAE 2914 astel 98] Fest
A Hojdo] BaHA wEdd AAHNNE FA4S & & YR B Qe olgE
A FA9 vtute] Z&AER] gy wRojth wets EWdlE AlstBo] &z shAw
A2 FHY F s 22 200C UV/ACL A A Hdao) 73 Fe HF2<
B4 AAFHIAE AL T F Aok

Fig. 7% Ti 99 Z z7¢ wtg EA33 W2 HaFE Aolth Fig. 7(b)
200ColA 1087 Cl, A Fo ageln Ch AFRegE Tiol AA@Z HL A
ARE F UL, 20004 1087 UV/Cl AF ()dXE Tid g4 #Bo) g3
o zALo] Erlate AL & & e AFNY Fd AFE s1@e] gAHE A
S & 4 YA Tie I d5Eo ofF Ee Z7|HE JHRAE B3 n A AAol
dFE Ro AP 2 o)fE Tio] A3ET A= AL Fete Bhon
200Ce] delvAet zpejio] AstEs} AAo|=g Bt daEL INT F+ ¢
A4 o] Tiez 47 sgA7A E3ke Ao F39
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(a) As-deposited

(b) Clz treatment : 200°C, 10min

200°C, 10min
100m

(c) UV/Cl2 treatment :

Fig. 5 SEM photographs of dot patterned Zn films (%x300)
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() UV/Cl; treatment : 200°C, 10min
100m

Fig. 6 SEM photographs of dot patterned Fe films (x300)

- 109 -



10

b
ot
¥
o
o
™,
B
o%
Lok
ot
H
B
offt
o

100m

Fig, 7 SEM photographs of dot patterned Ti films (X300)
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UVICh{g)ol 23 Si~wafer 9 298 A4 B8 d7 11

32. e E zuAZY £48%

Fig. 8& AgE 7189 Ch s UV/Ch A £ B9 A7 s #2337
s AFMoE BEA % Aol

UV/ClL AR Fdel Setxn) o]yl s HolAg o] 48 O& A% I
HaYh 8 o golw Ao &Aagle]l B4 LEES AAsE 9 AL UV/CL HE F
AEE 7l o AR BFAF qW AFE 9—; ?lﬁm o] il

AY AT bare HEE 7|We] HY XIALA 0 2 el A Fig. 8(byolAl B
Hkgl 200°C, Ch M8 Fd¥ 470m3 F7ttg e, 200C, UV/CL A3 E (oedAe 152
mE WS F7sle A2 ¢ 5 Ugnh

o] &
2

Rens roughness  152n0 a

{c) UV/CI2 treatment for 10 min. at 200°C

Fig. 8 AFM 3D images of bare silicon wafer
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Fig. 9~11¥ RFZAY o2 FF3 Zn, Fe, Ti e ztztel Agz7da, A
o] wkgof g 3ok Ay WaE U] Y& XPSE B A AHEY0]
th14]. oj) FartA9 F#FL 100ml/min, WH-8-4& & oF S0torr, HHEAIZFE 10F-lA T
Fig. 95 A32Fo g 4527 2FHAZ Zn a*ﬂu ws-Aa RT. Cl, RT. UV/Cl,
200C Cl, 200C UV/Che 122 1083 A ZA-S W9 Zn 2ps} Cl 2p9 2= EY
o|th, wkeA 7no] AAEH O T Rol PEE Zn Jﬁ}g@ps/z: 1021.7eV)E &A3le A
HAF3 t) ZF 2028 RhgAIZ Fo ~HE-E vus 2y Znd Ayl a4 @
371 gled ol Zn AHsEI Zn d8E9 WAV} /H B] 523} % TEE F 37 W
otk 28y Zn HZY Fol7b F3 A A
E

=
29 ol Fasts A & £ Ak Ga9 29 fa% i w

= =

= bS5 Hae
Ao A By okt & dUAFo g o]FdAe ol JH Athe] ddolgta Az

s ojzld

Fig. 102 ®-&43 RT. Cl;, RT. UV/Cl,, 200 Cly, 200TC UV/Clz A 2.2 H-gAH
€ W9 Fe 2p9t 7/ Cl 2pY 2#"EHo|t} WA 27] A oA Fe AEl& Fe 4tstE
(2pan =7107eV)8] & ExA8ta glom, 200 Cly, 200C UV/Cl, 2722 w3AAE
Wl Fe A3&3 Fe F3lE(2psn=1988eV)o] F-E3 USS & 4 o, Fe 93E7}
Fe AFsHE 9] peak A7} fAbste] FE31717F P& WA BWolE Fe A8 E% Fe
AASME EE Fe 39 g2 330 ABn T2 Fe AAER &A% Zlo=
Azbac A% Cl 29 EYS B8 md I F453 AW Clel AgduvAst
199eV ol3tqlE& aefs] & uw Feol 7% A ASE AHE {AIWEA Cl 958
Hog FAHHLT}H

Fig. 11 W83 RT. Clp, RT. UV/Cly, 200C Clz, 200C UV/Clz A 2.8 & AR
€ W Ti 2p9 Cl 2p8 2EEHe|t) g4 Ti el Ti A3E(2pys = 458.5eV)H
T8 Ti2pye=453.8eV)e BHE &3t Utk 424 1083 ChAE, F204
1083k UV/Clz AR WEALE Wolx Ti AsEH} e Tio JuE A Wt
Lo, Ti 938 (2pr=4595eV)E A9 HA3A &L Ag & F 9\1‘:"‘3}.

5k of 200C°M 1083 CAgE & de Tig ASAUAZL & oz Ko
o]F UL 5 Tig FHAVT oz RAE Rol ¥4 #@dxn ‘é}%% sle] Ti g3t&
(2psp =4595eV)E& BHste A& & & Udon, Cl 2p8 2HEHA A o]& AT 4
ARTE 200TelA 1087 UV/CL 2R gkgAde Ti 4382 JLIdEs Ae
2p AHEYNA Q).
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UV/Cl(g)el 2% Si-wafer EHES 248 A4 qA &3 47

Zn 1 Zn 2p

As-deposited

CLR.T.

UV/CI, R.T.

Intensity (arbitrary units)

Ci, 200°C

uvIC, 200°C

YTreTTTITTY T T T T T T Y YT e Ty

rr?o's’a ) 1650 ' ”’1’0‘4;”” 10‘:!0 1020 1010
Binding Energy (eV)

Fig. 9-1 The Zn 2p photoelectron spectra of Zn film on the Si wafer
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e | cyz200°C
L]
=
UV/CL, 200°C
SUNR Ty  — S RSV
206 204 202 200 158 198

Binding Energy (eV)

Fig. 9-2 The Cl 2p photoelectron spectra of Zn film on the Si wafer
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Fe : Fe 2p

As-deposited

cl, RT.

uveh R.T.

¢, 200°C

Intensity (arbitrary units)

uv/Cl, 200°C

T T T T T T T T T T Y T O T T T T T L TR T T T T O TR T YT e
735 730 728 720 718 710 705

Binding Energy (eV)

Fig. 10-1 The Fe 2p photoelectron spectra of Fe film on the Si wafer
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Fig. 10-2 The Cl 2p photoelectron spectra of Fe film on the Si wafer
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Ti:Ti 2p

As—dwfy\j\ﬂ/\
CLRT.
UVICL R.T.

€1, 200°C
UVICl, 200°C

T T TrrrrreTey IRAME NS NS S RARSAEE RIS N e

a0 465 480 455 450
Binding Energy (eV)

Intensity (arbitrary units)

Fig. 11-1 The Z2p photoelectron spectra of Ti film on the Si wafer

Ti: Cl 2p

CHWWWWW
UVWMWMMW

Intensity (arbitrary units)

Cl,200°C

UVICI, 200°C

Binding Energy (eV)

Fig. 11-2 The Cl 2p photoélectron spéctra of Ti film on the Si wafer
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ATNNE ALE o)y A9 wake) Zn Fe, Ti FE9UBEL UV-excited A&
2 ol8d AANAoE AARNE FHE AvEg) AslAe] o3 rY Ax wiHol
0@Eae whgo 28 AAHE WAL zAl 2 A¥ ey 2L ARS AT
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1. Zne YA AZHe] Fau L F/¢E 7HHTh o2 s dAA &A(~20
0T)sF A3 (~50 torr)oll YiME Zn AAFEZ FEdte Aol don, UV/Ch 714
A A A Céi}%& HA3le oS ‘E?ﬂ AAR QT wgA A E ol EA3E Zn
2AEL URE Zn A3E9 FHIE EASE AE XPSE st o, Fatdn A
SEM #2 o 46}“1 2o Aol o AR A HuyHe] HYE oy Zno.
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S F43 dAGYrE AR B AP AAER wFAE W, Zn QLFEY AALE
HAYEE F2 FudAo]l g Zn E3E S Evaporationdd 3 A2 AZHT)

2. A& ol Ao & H?‘S" Fe SAEL YRE AT Fe AH3lE 9 ez &4
e A XPSE #geladon, Fex W& L%L‘{Jaoﬂ/ﬂ =2 71gh&g 7HAY, slEgE o
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AAEE & 7 AUk
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LEF T
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