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Fig. 1 Illustration of proton stopping, X-ray emis-

sion and absorption in a hypothetically sliced thick
target
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Fig. 2 Proton energy dependence of the Ti-K.
yield

Close circle: experimental; Solid line: theoretical
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Table 1 X-Ray vyield of Ti foil (calculated and
observed)
Thickness Yield
(counts/10 uC)
(ind.) (obs.) ——
um mg/cm Calc. Obs.
5 2.43 52600 52300
10 4.24 76200 75600
15 6.64 95100 95900
20 8.58 102500 108900
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Fig. 3 Backscattering spectra produced by 4.09
MeV proton bombardment

(a): titanium foil (10 um) on Si wafer; (b): silica
glass on Si wafer
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Fig. 4 PIXE spectrum of titanium doped silica
glass
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Table 2 Thickness of silica glass and titanium con-
centration
Position “Thickness Concentration

mm mg/cm?® pm wt%
—4.5 4.94 22.5 1.33
—3.0 4.88 22.2 1.36
—1.5 4.94 22.5 1.34
0.0 4.96 22.6 1.36
1.5 4.94 22.5 1.37
3.0 4.88 22.2 . 1.37
Av. 4.92 22.4 1.36
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Determination of titanium in silica glass film by particle induced X-ray
emission. Yushi Suzuki, Hiroki YoNEzawa™®, Mitsuho Yasu™, Tetsuo Miva™ and
Toshio  SHIGEMATsU * (*NTT Interdisciplinary Research Laboratories; **NTT
Opto-Electronics Laboratories, Tokai-mura, Naka-gun, Ibaraki, 319-1 1)

We investigated a simultaneous PIXE measurement and backscattering analysis using
a cyclotron to determine the concentration of titanium in silica glass film, the thickness of
which could not be ignored. For the accurate quantitative analysis we must consider
both the proton energy loss and the absorption of fluorescence X-rays in the sample, and
also determine the film thickness exactly. The dependence of the fluorescence X-ray
cross section on the energy of the proton beam was evaluated over the range from 1.8 to 4
MeV. This dependence can be approximated using the linear dependence from 2.5 to 4
MeV. The accuracy of the absorption coefficient was confirmed by measuring the X-ray
yield of titanium foils with a thickness of 5~20 um. The thickness of the film was esti-
mated from the width of the backscattered oxygen spectrum. From these results we de-
veloped a method for the quantitative analysis of rather thick silica glass films. We de-
termined the concentration of titanium in silica glass film, which agreed with the result of

~ charged particle activation analysis.

(Received June 18, 1991)

Keyword phrases

particle induced X-ray emission; determination of titanium; silica glass film; X-ray
fluorescence cross section; X-ray absorption coefficient; backscattering analysis.

NI | -El ectronic Library Service



