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Abstract - The reaction mechanisms of dry cleaning with UV-excited chlorine radical for Zn, Fe and
Ti trace contaminants on the Si wafer have been studied by SEM, AFM and XPS analyses in this
work. The patterned Zn, Fe and Ti films were deposited on the Si wafer surface by thermal eva-
poration and changes in the surface morphology after dry cleaning with Cl, and UV/Cl, at 200°C
were studied by optical mocroscopy and SEM. In addition, changes in the surface roughness of Si
wafer with the cleaning was observed by AFM. The chemical bonding states of the Zn, Fe and Ti de-
posited 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 re-
moved by UV/CI, at elevated temperature of 200°C. Tt was also found that the surface roughness of
the Si wafer increased after Cl, and UV/Cl, cleaning. Therefore, the metallic contaminants on the Si
wafer can be easily removed af lower temperature without surface damage by a continuous process
using wet cleaning followed by UV/CI, dry cleaning.
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Fig. 1. The two desorption mechanisms in UV/Cl, dry
cleaning.
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Fig. 2. Schematic diagram of UV/Cl, dry cleaning sys-
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Table 1. Vapor pressure of selected metal chiorides([7)
(s: solid)
Temperature (°C) Melting
Formula .
1 torr 10 torr 40 torr 100 torr 400 torr 760 torr Point
Al 1284 1487 1635 1749 1947 2056 660
AlClL, 100.0s 123.8s 139.9s 152.0s 172.6s 180.2s 192.4
Fe 1787 2039 2224 2360 2605 2735 1535
FeCl," 194.0s 235.5s 256.8s 272.5s 298.0s 319.0 304
FeCl,? 700 779 842 961 1026 -
Si 1724 1888 2000 2083 2220 2287 1420
SiCl, -63.4 344 -12.1 +5.4 38.4 56.8 -68.8
SiCl, +4.0 38.8 65.3 85.4 120.6 139.0 -12
Si,Cly 46.3 89.3 1215 146.0 189.5 2114
Ti 2180 2480 2568 2860 3100 3260 1668
TiCl, -13.9 +21.3 48.4 71.0 112.7 136.0 =30
In 487 593 673 736 844 907 4194
ZnCl, 428 508 566 610 689 732 365

1) Ferric chloride, 2) Ferrous chloride

Table 2. Bond dissociation energies. (The strengths of
chemical bonds)

Bond AHf., Klimol

Bond AHf.., Klimol

Zinc Chlorine

Zn-Zn 29 cLcl 242,580

Zn-F 368 Cl-CI 393

Zn-H 85.8 Cl-0 272

Zn-O 284.1 0Cl-0 243

Iron 0,C1-0 201

Fe-Fe 100 CI-SiCl, 464

Fe-Cl ca. 352

Fe-O 409

Fe-Si 297

Titanium Silicon

Ti-Ti 141 Si-Si 327

Ti-C 435 Si-C 435

Ti-Cl 494 Si-Cl1 456

Ti-F 569 Si-F 540

Ti-H ca. 159 Si-H 298.49

Ti-O 662 Si-O 798
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Fe film on the Si wafer.

ATk Aol A 1087 CLA g, 4294 1087 UV/CL
Z7A0E AR E welk Ti AHstEn ¢4e Tigl
el Al Wzl ¢glow, Ti Q3lE(2pn=459.5 eV)E

Aol Wy e AL & 5 ek

L4

@ Ti:Ti 2o
As-deposited
w
=
5
> CLR.T.
it
B~
2
L
> UVICL R.T.
[%]
[~
2
K=
C1,200°C
uviCt, 200°C
T T T T T T T T T T T T T T T
470 465 480 455 450
Binding Energy (eV)
b _
® Ti: Cl 2p
CIZMWWMWWA
UVWMMNMWW
)
4
3
e
g
k<]
8
2z
w
=
3
£
Cl, 200°C
UV/CL200°C
R LA AR B e e e
204 202 200 198 196

Binding Energy (eV)

Fig. 14. (a) The Ti 2p photoelectron spectra of Ti film
on the Si wafer. (b) The Cl 2p photoelectron spectra of
Ti film on the Si wafer.
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