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Synthetic Silica Glass for Vacuum Ultraviolet Light
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Yoshiaki lkuta, Shinya Kikugawa, Keigo Hino, Toshisuke Minematsu and Hiroshi Kojima

There are strong demands for the application of vacuum ultraviolet (VUV) light in
semiconductor lithography and dry cleaning of semiconductor and display devices.
Synthetic SiO, glasses, which have been widely used as the transmissive optical
components in the system employed ultraviolet light, are unlikely to be available for the
application using VUV light due to its low transmittance in VUV region. However, we
recently proposed the modified SiO, glass for VUV optics. In this report, the optical
transmittance in VUV region and the durability to VUV light of synthetic SiO, glass are
reviewed. The reductions of the concentrations of impurities and structural defects lead
to the improvement of optical transmittance. The H, impregnation into synthetic SiO,
glass, which is appropriate for UV light optics, enhances the ODC formation upon VUV
light irradiation and is inappropriate for VUV light optics.
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Table 1 Industrial Applications and Optical Materials of Ultraviolet (UV) and Vacuum UV Lights.

Wavelength Light Source Application Optical material (optical band gap)
365nm Mercury lamp Lithography Optical
Polymerization of UV-resin Glass
307nm XeCl excimer laser Laser annealing of TFT-LCD
devices
254nm Mercury lamp Dry cleaning SiO;
248nm KrF excimer laser Lithography Glass CaF, MgF.,
Writing fiber bragg gratings (80 9eV) | (10.0eV) (11.8eV)
193nm ArF excimer laser Lithography
Refractive eye surgery
185nm Mercury lamp Dry cleaning
172nm Xe, excimer lamp Dry cleaning
157nm F, laser Lithography
126nm Ar, laser ?
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Fig. 1 Transmission spectra in vacuum ultraviolet
region of SiO, glasses with various concent-
rations of SiOH. Sample thickness is 6 mm.
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Fig. 2 Transmission spectra in vacuum ultraviolet
region of SiO, glasses with oxygen related
defects. Sample thickness is 6 mm.



Reports Res. Lab. Asahi Glass Co., Ltd., 530 20030

gobboooobboooboboooobbooo
oooboooobooobbooobooooo
gobobooooboboooboboooboboooo
goolo*0i10®*00cm 0000000 0ODOO0O
ooobooobobooobbooobooooo
goboboooobbooobbooobboooo
0000000000000 0D0OTable 20000
ooobooooboboooboboooobooooo
goboboooobbooobbooobboooon
gooboooobooobobooooboooo
gooboooooboooboboooboboooo
ooobOoooboboobobobooobooooo
O0O=ssioHOOOOOOvADOOOOODOOODO
ooooboooodbOppmd=s SiOHODOOOOODO
000000 0OppmO=ssiOHOODOODOOOOOO
ooooboobooboobogbogs=ssioHOOoOO

gbobooooobobobobooooobobgon

ooobooooboooboboooboboooo
gooobHOOOOoooooooooooooo
gbooobovADODODOODOOOOobOooobooo
ooobooooboooboboooboboooo
gobboooobboooboboooobooooo
ooooooooooooobobbbboooooH
oooddilppmOOOO0OOoOOODODDDODOOO
goboboooobboooobboooboooobo
oooboooobgisonmioooboooono
gooboooooboooboboooboboooo
god

oooboooooboooboboooboboOoon
gobobooobboooobbooobbooooo
O0oD0O0O0O=sioHOOOOoDbCcOOOOOie*o
"0 0em 00000000 OO0DOOOODOOO
go

goougog
0000000000000000000000

gboobooobobooobboooboboooobo
oooboooobooobobooobobooooo
gooooooboobbbObOO0o0ooooooore OO
OOONBOHCOODCOUOOOOOOODODODODODO
oooboooobooobobooobobooooo
gboboooobooobboooboboooobo
ooboooboboooboboooobooooo
ooobooooboooboboooobobooooo
gobooobobooobboooboboooobo
oboboooooboobogon
goboboooooboboboooobobono
Ub0o000obo0ob0o0ob1iob00b0dNBOHC
O=ssSi0o000OF OOOOO=ssSiD@OoOoQOO
U200000000b0o0boooboobcubnogn
omP"00000000oDnooooooooong
gboboooobobobooooobo

hv

= Si000Si= -=Si0000Si= 0000 010
hv

= Si000Si= - = SiSi= O int. O 020

KrFOODODOOOOOArFOODOOOOODOOd
0000000000000 0o0oobOoOooooao
O000010000NBOHCOE OOOOOOO
0000000000000 000boOoOooooag
00000000000 0000ONBOHCOE' O
O00000000260nm0O 180nm0O 220nm0O O O O
0000000000000 o0OoaarP®rTi8on
2600n0mMO 000000000 ODO0OO0ODOO0OODOO
oooooooooboooooooooooao3sn
O00000OOOONBOHCOOOE OOOOOO
000000000000 00=SioHOO0O= SiH
oooooo

= Sid0 +0 0Si= + H, - = SiH + HOSi= 030
00000o0o0oooooooooooooooao
Jd00oooooooi1oodzeonmd O OOOOOad
0000000000000 ooOoOArFODODOO
O000KrFOODOOOOOOOOOOOOOoao

Table 2 Production Methods of Synthetic Silica Glass.

Application Production method Composition of silica glass
Lithography Direct method

(1) deposit transparent silica glass on substrate* OH=300~2000 ppm

Point defect free

VAD (Vapor phase axial deposition)

(1) deposit porous silica glass on substrate* OH=10~1000 ppm

(2) sinter porous glass to transparent glass Point defect free
Optical fiber VAD (Vapor phase axial deposition) OHO 1ppm

(1) deposit porous silica glass on substrate*

Point defect (ODC)

2) dehydrate porous silica glass by Cl, gas

@
(3) sinter porous glass to transparent glass
(4)

4) drawing

*Flame hydrolysis of Si compounds
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Fig. 3 Induced absorption spectra of H. containing
SiO; glass (solid line) and H, free SiO, glass
(dotted line) upon the F; laser irradiation.

gooboogooobboobobgonod

oobooooobboooboboooobooon
ooboooobobooobboooobboobobo
obooobooobooboobg® AQF” ODOoDO
O™ 0O Fig. 40 AQF" DO UDO0OOOO0ODOOODO
ooooooooooooogsznmbbbbob

0000000 53020030

goiw7gisonmboonoooooooooooon
O00000Fg.50FR0O0000000157nmO0ODO
OO0000O0O1x10°0000000157/nmO0C0O0O
ooobooorROO0OO0ODOOO0OODDOOOODOO
ooooooobooobooobooo® AQF oo
gobboooobboooobbooobbooooo
oooboooboboobobbooobbooooo
goobooooobooboboooboooo

100

80 }

60 F

40 ¢

Transmission (%)

20 ¢

150 160 170 180 190 200
Wavelength (nm)

Fig. 4 Transmission spectrum in vacuum ultraviolet
region of AQF. Sample thickness is 6.35mm.
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Fig. 5 Changes in transmission at 157nm during F,
laser irradiation. Sample thickness is 6.35mm.
The fluence and repetition rate are 0.125mJ/
cm?pulse and 600Hz, respectively.
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