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The freestanding gold trensmission grating behind a grazing
incidence telescape permits sensitive spectroscopic studies

of cosmic X-ray sources with A/4AX of the order of 1801’2.

The aobserved efficiencies of diffraction orders strongly de-
pend on wavelength, since the gold is partially transmitting
to X-rays near gold abscrption edges. Schnopper et al.4 have
studicd the properties of a grating, which showed effects of
partial transparency near 80 A, In an earlier paper3 we have

discussed measured efficiencies in the 5.4 4 to 44.8 4 range.

In this investigation, we have studied the optical properties
of three transmission gratings in the 50 & tc 250 A range with
thick

diftercnt wire 55 These gratings were replicated

s
hi

n
fram an interferograph

cally produced master with 1 4m periodS.
For our measur=ments, we used the 7.2 GeV electron accelerator
DESY as & synchrotron -ight source. Monochromasy with a resc-
lution A/4A of ebout 400 was performed with a grazing inci-
dence monochromator, developed hy DBietrich and Kunzs. The
major advantage of this mcnochromator over other mountings is
the suppressien of higher orders. The spectral orders produced
by the transmission grating were scanned by moving the de-
tector at canstant speed in the direction of disDersion7. The
detector was an gpen ghotomulitiplier (3ohnston MM1). Beam fluc-
tuations were corrected autcmatically by a second monitcring
photomultiplier. For our model to explain the observations we
assumed & trapezoidal wire crcss section. This agrees with
electron micraosccpe oictures cf similar gratingsS. The model,
which is cescrioed in more ceteil by Briduninger et a1.3, in-
volves the interfersnce ¢f the attenuated and phaseshifted
waves coming through the wire and the unattenuated waves

coming through the openirg. Optical constants of gold were
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used as given oy iZge al.”, and Aschenbach™,
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Figures I - III show, as ceta points, the measured efficiencies
for the three zrating fzacets. The solid curves represent the

theoretical wzvelength dependencies of the respective effi-



ciencies for the wire cross section shown in the insert. The
parameters of the trapezoidal wire profiles are determined from
a best fit to the datae points; they are listed in the Table.
The frectional obstructing area of the support grid is 0.67

for all gratings.

The influence of the wire thickness on diffraction efficiencies
can be seen from the figure. At a thickness of 0.09 um (gra-
ting 1), the first order efficiency has an enhancement with

a maximum of 20 % at S0 4, while the zeroth order goes down

at the same wavelengtn. Figure II (the thickness is 0.18 um)
shows an opposite case. The different wavelength dependencies
of the first and higher orders are caused by the trabezoidal
rather than rectangular cross section, Qur model calculations
are in excellent agreement with observations. The difference

is within 10 % for all values of the zercth and first order
except for three values of grating I and some values of grating
Il for which the difference is within a factor two as for the
higher orders, taoo. Probably, the reason for this is a mis-

representation of the cross section as a trapezoid. The higher

orders are very sensitive to little changes of the wire profile.

The wire thickness does not agree with the specification of
the manufacturer. The thickness is ahout a factor two too low.
Uncertainties of the optical constants may be responsitle for
these discrepancies. Therefore, we plan to calculate the re-
fractive index of gold in the range of anomalous dispersion
with the aid of our model, if we shall have determined the
wire cross section by electren microscope photographs with
sufficient accuracy. The optical constants, determined in this
way, promise to be more accurate, because the efficiency

gives both phase and amplitude informatian.

Table

grating wire thickness width at base/top
I 0.08 um 80.62/0.50 um
11 0.18 um 0.63/0.39 um

I11X J.25 m 0.63/0.30 um
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Figure:

ficiencies N‘”"/N0 (1-f) for the

~
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rcth diffraction orders. A frac-
tional nbstructiry arce of f = 0.67 is assumed. The tri-
anglece, cvirzies, ccueres and crosses represent the data
points, thnz solid curvss are the corresconding theoreti-
cai eriiciencies. inhe wire cross section is shown as

2 T PR -
insa2rt. The scalzs iz 1 um.
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