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Abstract The purpose of this research was to investigate the causes of the creation of water marks during the semi-
conductor wet cleaning. DI water droplets were intentionally placed on the surface of various wettabilities and then
left to dry in both O, and N, atmospheres. The water mark was created on surface regardless of the wettability of sur-
faces and drying atmospheres. The size of water marks was dependent on the wettability of substrates. The higher the
contact angles, the smaller the water marks formed on surface. It was found that the largest water mark was created
on HF-last-cleaned silicon surfaces in O, atmosphere. Auger analysis on them showed the existence of oxygen and sil-
icon which might indicate that water marks were the form of oxides. Atomic absorption spectroscopy (AAS-GF) anal-
ysis showed that the concentration of silicon in DI water increased when water droplets were left on HF -treated sili-
con surface in both N, and O, atmospheres. The dissolution of silicon in D.I. water might be one of the causes on the
creation of water marks. The addition of ozone in water droplets caused the oxidation of HF etched surfaces and in-
creased the size of the water marks.
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Table 1. The static contact angles of samples used
in experiment.

"~ Sample Name | Static Contact Angle
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Fig. 1. The change of initial water droplets size and drying
time as a function of wettability of substrates.
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Fig. 2. The optical micrographs of water marks, which were
formed on hydrophilic surfaces ; a) SiO. dried in N, b) SiO.
dried in O, ¢) piranha treated silicon dried in N, and d) pira-
nha treated silicon dried in O..
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Fig. 3. The optical micrographs of water marks, which were formed on hydrophobic surfaces ; a) Teflon surface dried in N, b)
Teflon surface dried in O, ¢} HF treated silicon dried in N, d) HF treated silicon dried in O, e) organic film deposited surface
dried in N» and f) organic film deposited surface dried in O:
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Fig. 4. The size of water marks formed on substrates with
various wettabilities at 30C and in N: and O, atmospheres.
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Fig. 6. The auger depth profile of water mark formed on HF
etched silicon surface in a) N, and b) O, atmosphere.
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Fig. 7. The effect of PSL particle concentrations in DI water
on the size of water mark on HF etched silicon in N..
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Fig. 8. The effect of ozone concentrations in DI water on the
size and formation time of water mark on HF etched silicon
in Nz.

2 %7} 1.6x 1070 /ml o]Abd wj¥-E] water mark<]
A7)y F74skedck. & SelE9 A9k AR glo] A= F
=7lA= ArtE FEelZ e %7} water mark®] =70l
od8k-g v)x|#| oo} 1 o)ike] FrollA= water mark
a7|7} FA%) F7)sbdth. &8 water mark e} Z7]el|
3} 0] 7] Alste dA FEE FEld e 277 S
42 Ztadte A Jehligich dbd, Abspbrte] 4R
20449 A1 ¢jo) 0.026me] PSL zte}F-¢ 10770 /ml¥-
B 1070/ ml7bA] H7bE e ARAIA AL 29971
A AzA7] AT BE o4 FAE water mark 2
277} 3.5mmZA] 7ot}

Eukg u] Aol 9 W Aol V@ AEAHe W
37} water mark Z7)ol| vl X& F&FE 37| $5}ed]
2uke ) 7HF AbsAl &9 55 16ppm7hA ¥
3}A)7 o]5 Euhe-S HF xeld Ae)d 29 9ol doj=
A F Ax E97)elA o) BYee 2z #A H A=
A7}, 28]z A4 water mark? =71 HlEHsich
Fig. 8oll4 o & gl%o] B9e W 2&9 5=7} 1 ppm
o4 16 ppme 2 Z7+e o T HEAL ¢ #we] 7

(uiw) awy) Buikig



FAE - P Ay nFA e &

ror

48t AZ A7ko] o 30%ol4 25202 FashedT A
A5 water mark? =Z7)= ¢F 0.5mmel4] 3.5mmE &
7vetsict. webx FHe] Absbel] o3k AHEA Wb}
water mark®] Z7] Z7lo] $23 gGL¢& T HTg 5
At

4. 4 £

A25Ae] A)HE ozl 35Ae] AHoAE water
mark7} A=g]ed o)u] ¥AIF water marke] 27
471l Adgle] AW EH o HEA o] Fulgel det 7
2%E Bk 2y Akx £47]el A HF MR AeE
AlHo] Zzg AS o7 Heg dlohd 71 £ water
mark$ Ao Al H AL EHVIAM A=
water mark?] AES A& E4 ZA3 E27)9] A glo)
water marke A2 23 Ak4 9] HFEE o]FoH L&
galzbodct. o]2iqt water marke] A Ull A3}
A2 HFEL AAS ¥4 Az HF Hig HeE A9
o 2RE Az E97)9F A4 dlo] AlH 99 e o
2 gl e At FgPEEFE )ddke A
Atz = ich HF Xej® AdzE A9 99 9o
E37)elM Az o Az #H F YL di
= AES &4 A AejE Fde Akt <lal
galEgleny o2zt 1 Abstel] o3t HEZL a4t
% 3= water markd Z71E 22X 7= 227 ¥
& st A=E 2o AF7 W glo] e W
e w57k 301 W QA B2 oldelA water
mark®] =77} ApHos %‘—7}5}9314 ujeta] Abdzol &
g ZHe| A2 P 7] &3 2ot ZHo 2N E
L35 ozt Aol 3 e W BoE w5 3}

>§L‘l:“—‘

r& PO - N

r°J
DI o O

l

4

HF 23 24 3 4T 399 2540] - 837

ey

7} water mark®] QA2 2715 FAHse 248 A8 H
o},

datel 2

B A7E 199595 W& sEdT2Agu(ilEs
ok, ISRC-95-E-5004) 2] £ 202 857 ZAI=
Yuith. £ UPol VLT Bl AAS-GFEA &
& FA FutEA 9 8 dAdA HAHE =3y

Ll

1. W. Kern, Handbook of Semiconductor Wa fer Cleaning
Technology, Noyes Publications (1993)

2. W. Kern, J. Electrochem. Soc., 137, 6 (1990)

3. J. G. Park and S. Raghavan, J. Adhesion Sci. Tech.,
7,179 (1993)

4. G. Gould and E. L Irene, J. Electrochem. Soc.,
1535 (1988)

5. A. Philipossian, J. Electrochem. Soc., 139, 10 (1992)
6. V. B. Menon, L. D. Michaels, A. C. Clayton, and R.
P. Donovan, Solid State Technology, 32, S9 (1989)

7. J. G. Park and M. F. Pas, J. Electrochem. Soc., 142,

6 (1995)
8. M. Watanabe, M. Hamano and M. Harazono, Mats.
Sci. Eng. B, 4, 401 (1989)
9. S. Dimitrov, C. D. Dushkin, H. Yoshimura and K.
Nagagama, Langmuir, 10, 432 (1994)
10. A. Adachi, S. Dimitrov and K. Nagayama,
Langmuir, 11, 1057 (1995)

135,



