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The soft x-ray(10nm-100nm) interferometer is a modified Mach-Zehnder type interferometer and
it comsists of two beam-splitters and four totally reflecting mirrors. The beam-splitters used here
are 50% transmission and 50% reflection grating type. The diffraction patterns of beam splitters(1st
B. S.) were investigated with a He-Ne laser. The diffraction patterns produced by the soft x-ray
interferometer(2nd B. S.) were also investigated in intensities and positions. The diffraction patterns
of 20 degree grazing incidence on the beam splitters(1st B. S.) show a circular array of spots. Both
the reflected and the transmitted beams show the same patterns but symmetric circles on the screen.
The maximum intensity appears roughly when n is in the zeroth and odd orders and the suppressed
peak(missing order) appears when n is in the even orders. Intensities of 3 center fringes(n = 0, 1)
are stronger than others. These results confirm the reduced grating equation and make agree with
the intensity distribution function. It was found that the final patterns produced by the soft x-ray
interferometer(2nd B. S.) consisted of fine fringes which were caused by two of three diffraction

beams that were arrived at the second beam-splitter.

I. INTRODUCTION

To achieve a higher resolving power of a spectrome-
ter, an approach other than the traditional, grating-
based spectrometer must be used. [1] It has been
known in optics for a long time that an interferom-
eter can always, in principle, outperform a grating in
terms of maximum resolving power or phase-space ac-
ceptance for equivalent resolving power. The theo-
retical maximum resolving power of a typical spheri-
cal grating monochromator (~64,000) has been nearly
achieved. [1-3] In practice, interferometery with x-rays
is very difficult, due to the short wavelength. Only re-
cently have the mechanical, optical, and metrological
technology advanced enough to practically build a soft
x-ray interferometer for a spectrometer. [1-3]

A spectrometer is designed for ultra high-resolution
(theoretical resolving power E/AE ~ 10°) in the pho-
ton energy region of 60~120eV. The key component
of the spectrometer is a soft x-ray interferometer [2,3).
The interferometer consists of two beam-splitters and
four reflecting mirrors. It is a modified Mach-Zehnder
type interferometer. The beam splitters used here are
50% transmission and 50% reflection grating type.

In this research, the diffraction patterns of each
beam-splitter(1st) and the soft x-ray interferometer
[3] (2nd B. S.) were investigated with He-Ne laser at
20° grazing incidence to the beam-splitter so that the
diffraction patterns of the same interferometer with
soft x-ray is preestimated. The diffraction patterns
of grazing incidence confirm the grating equation, and
make agree with the intensity distribution function.
The final patterns produced by the soft x-ray interfer-
ometer(2nd B. S.) consisted of fine fringes caused by
two of three diffraction beams that arrived at the 2nd
beam-splitter.

II. CONICAL DIFFRACTION THEORY

Experience has shown that by far the easiest ap-
proach to dealing with the geometry of conical diffrac-
tion is the use of a simple spherical coordinate system
[4,5] such as that shown in Fig. 1.

If the poles of the coordinate system are defined by
the direction, in space, of the ruling on the grating, the
direction of the incoming ray can be described by just
two parameters, the altitude and the azimuth. Called
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FIG. 1. Notation for the geometry of conical diffraction
by beam-splitter.

7 it defines the half-angle of the cone into which light
is diffracted; all light leaves the grating at the same
altitude angle at which it approached. The azimuth of
the approaching ray « is defined to be zero if it lies in
the plane which is perpendicular to the surface of the
grating and parallel to the rulings. R is the radius of
the conical diffraction circle on the diffraction plane.
Azimuth of diffracted light is 5.
The grating equation of a transmission grating is

nA = dcos ~(tani + tan ) (1)

Sometimes it is convenient to write the above equa-
tion in a, B(Fig. 1). [4,5] Then, the resulting form is

nA = dsin~y(sin a + sin §) (2)

The value of 8 can be calculated for any wavelength
A and order n by the grating equation where d is the
ruling spacing of the grating. If we consider the case of
N long, narrow slits, with width b and center-to-center
separation d. The intensity distribution function [6] is

.2 . 2N
I= A% = A2 (s‘zﬂw) (S‘;‘nz ;) 3)

where ¢ = ”Tb {siny(sina +sinB)} and § =
2 {siny(sin a + sin §)} are modified functions accord-
ing to Eq. (2).

III. EXPERIMENT

The horizontal length of beam-splitter is 16mm and
its width is 6mm. Two 50% reflection - 50% transmis-
sion - grating beam splitters(B. S.) are used in the soft
x-ray interferometer. The experimental setup of graz-
ing incidence on the beam splitters is shown in Fig.
2.

The angle between direction of laser beam and
the beam splitter is 20°(y = 20°,a = 0), and the
distance(D) between the beam splitter and the screen
is 280cm. The intensity distribution of diffraction pat-
terns were measured with a photo detector(ORIEL
70260, 70261). The schematic diagram of the soft x-
ray interferometer and its optical path are shown in
Fig. 3. The soft x-ray interferometer is designed with
an angle of 20° (grazing) on the beam splitter and 10°

He— Ne
LASER Beam
Splitter
Beam Beam
Expander Splitter T {.‘
% 4 — D ('
o" .mq\!_ '.
Mirror w \'.

Screen

FIG. 2. Experimental setup of grazing incidence to B. S.

Laser

FIG. 3. The schematic diagram of the interferometer and
its optical path.

on each mirror.

Molybdenum coated mirrors and beam splitters with
these incident angles provide a good reflectivity for soft
x-rays. The diffraction patterns produced by the 2nd
beam splitter(soft x-ray interferometer) were also mea-
sured. The He-Ne laser(20mW, 632.8nm) was used as a
light source to investigate the diffraction patterns pro-
duced by the special grating type beam splitters and
their intensities.

IV. RESULT AND DISCUSSION

From Eq. (2), the fringe intervals are 1.7 cm, and
the experimental data show 1.65cm in average. The
diffraction fringes of grazing incidence confirm a grat-
ing Eq. (2), and make agree with the intensity dis-
tribution function(3). The final diffraction patterns
produced by the soft x-ray interferometer(2nd B. S.)
with normal incidence and grazing incidence are shown
in Fig. 4. Figs. 4, 5 and 6, are all patterns observed
with He-Ne Laser.

It was found that each pattern consisted of fine
fringes which were caused by two of three diffracted
beams of the 1st B. S. that arrived at the 2nd beam
splitter(Figs. 4 and 5). Fig. 5 shows the diffrac-
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FIG. 4. Final diffraction patterns of interferometer(2nd
B.S.).
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FIG. 5. Diffraction fringes through the interferome-
ter(2nd B. S.), (a) transmitted fringe, (b) transmitted and
reflected fringe, (c) reflected fringe.

tion fringes through the interferometer(2nd B. S.), (a)
transmitted (b) both transmitted and reflected (c) re-
flected fringe respectively.

The intensity of final fringes through the interferom-
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FIG. 6. Intensity of final diffraction fringe through the
interferometer(2nd B. S.) made by both transmitted and

reflected fringes(b) in Fig. 5.

eter(2nd B. S.) made by both transmitted and reflected
fringes (b) in Fig. 5 was shown in Fig. 6. As the order
increased, the intensity of fringes decreased according
to the combined intensity theory.

We have calculated the fringe intervals by the theory
for both the cases of the He-Ne laser and the soft x-
rays and compared them with the experimental data
for the case of He-Ne laser.

The equation of fringe intervals for theoretical cal-
culation is £ = nAR/dsinv from equation [2]. In the
soft x-ray interferometer, the optical path length be-
tween the 1st beam splitter and the 2nd beam splitter
is 29.5cm.

The results shows good agreement in the case of He-
Ne laser. Even in soft the x-ray case, the calculated
values of fringes are also predicted and strong enough
to measure with the recent CCD camera.

V. CONCLUSION

The diffraction patterns of 20° grazing incidence on
the beam splitters(1lst B. S.) show a circular array of
spots. Both the reflected and the transmitted beams
show the same patterns but symmetric circles on the
screen. The maximum intensity appears roughly when

TABLE 1. Fringe intervals of 1st B. S., 2nd B. S. calculated by He-Ne Laser(632.8nm) and soft x-ray(10nm) and experi-

mental values by He-Ne Laser only.

Theoretical Data Experimental data
Fringe interval 2.00mm(D, screen) 1.99mm(D, screen)
He-Ne Laser 1st B. S. 1.77mm 1.80mm
(632.8nm) (2nd B. S. surface) (2nd B. S.) (2nd B. S. surface)
2nd B. S.(D, screen) 0.929mm(D, screen) 0.93mm(D, screen)
X-ray Fringe interval 0.0314mm expected
(10nm) 1st B. S. 0.28mm expected
2nd B. S.(D, screen) 0.104mm expected
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n is in the zeroth and odd orders and the suppressed
peak(missing order) appears when n is in the even or-
ders. Intensities of the 3 center fringes(n = 0,+1) are
stronger than others. These results confirm the grating
equation and make agree with the intensity distribu-
tion function.

The fringe intervals for both the cases of the He-Ne
laser and the soft x-ray were calculated and compared
with the experimental results. The results show good
agreement in the case of the He-Ne laser. It is also
expected to measure the fringe intervals and intensities
of soft x-ray case with the recent CCD camera.

It was found that the final patterns produced by the
soft x-ray interferometer(2nd B. S.) consisted of fine
fringes which were caused by two of three diffraction
beams that were arrived at the second beam-splitter.
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