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Soft X-Ray Transmission Characteristics and the Upper Limits
of Transmission Factors for Hollow-Core Fused-Quartz Fibers

Masanobu WaTANABE, Takehiko Hibaka and Yoshinobu MITSUHASHI

Electrotechnical Laboratory, 1-1-4, Umezono, Sakura-mura, Niihari-gun, Ibaraki 305

Transmission factors of hollow-core fused-quartz fibers were measured as a function of
curvature angle (0-90°) and photon wavelength (25-75 A). They were compared with the results
by a calculation based on geometrical optics. Both of the measured and calculated transmission
factors decreased exponentially with increasing curvature angle and showed a slight dependence
on the wavelength. Furthermore, output beam patterns were observed by exposing resist films.
The output energy distribution patterns were not uniform possibly because of the inner surface
roughness of the fibers. Finally, the upper limits of transmission factors were calculated based
on the atomic scattering factors of silicon and oxygen.
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Fig. 1 Block diagram of the experimental setup. G.M.: grating monochromator,
S.C. A.: single channel analyzer, M.C. A.: multi-channel analyzer.
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Fig. 2 Schematic diagram of the soft x-rays
reflected at the out-side inner wall of the
curved fiber. ¢ : curvature angle of the fiber,
6 : incidence and reflection angle.
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Fig. 3 Calculated wavelength dependence of
synchrotron radiation intensity.
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Fig. 5 Calculated and measured transmission
factors of the fiber vs. curvature angle of

the fiber.
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Fig. 6 Calculated transmission factors of the
linear fiber with mis-alignment. ¢ : deviation
angle of the fiber direction from the x-ray
direction.
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Fig. 7 Calculated transmission factors of the
quartz fiber vs. photon wavelength (solid line).
The curvature angle ¢ is shown as a parameter
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factors of a Russian F-1 glass fiber calculated
following Ref. 2).
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Fig. 8 Measured transmission factors of the
fiber vs. photon wavelength. The full scales
of the ordinate are 20%, 4% and 0.4% for
¢=0° 46° and 90° respectively.
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Fig. 9 Typical photos of resist films exposed
to x-rays via fibers. The curvature angles ¢ of
the fiber were (a) 0° and (b) 90°. The devel-
opment times were (a) 1s and (b) 300s.
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Fig. 10 Schematic Talystep graphs of resist
films exposed to x-rays via fiber. The curva-
ture angles ¢ of the fiber were (a) 0° (b)
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Fig. 11 Upper limits of transmission factors
for quartz fibers vs. photon wavelength. ¢:
curvature angle. T, Ts: upper limits for P
or S-polarization.
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