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The freeständing gold transmission grating behind a grazing

iricidence telescope permits sensitive spectroscopic studies
1 2

of cosmic X-ray sources with X/AX of the order of 100 * .

The abserved efficiencies af diffraction orders strongly de-

pend an wavelength, since the gold i s partially transmitting
4

to X-rays near gold absorption edges• Schnepper et al. have

studiad the properties of a grating, which showed effects of
3

partial transpärency near 60 A. In an earlier paper we have

discussed measured efficiencies in the 5.4 A to 44.B A ränge.

In this invcstigation, we have studied the optical properties

of three transmission gratings in the 50 A tc 250 A ränge with

dif Kercn t </;ire t h.i cknesL. These gratings were replicated
f=.

from an interferographically oroduced master with 1 Um periöd".

For our measur-sments, we used the 7.2 GeV electron accelerator

ÜL3Y äs a Synchrotron -ight source. fylonochromasy with a reso-

lution X/AX cf about 4üG was performed with a grazing inci-

dence monochromerer, developed by Dietrich and Kunz . The

major advantage of this mcnochromator over other mountings is

the suppressicr of higher orders. The spectral ordere produced

by the transmission grating were scanned by moving the de-

tector aL constant SGEBEJ in the direction of dispersion . The

detector was an open photomultiplier [Johnston HM1). Beam f luc~

tuations were corrected autcmatically by a second monitoring

photarnultiplier. Far our model to explain the observations we

assumed a trapezoidal wire crcss section. This agrees with

electron micrasccpB üictures cf similar gratings . The model,
. , . 3

whicn is cescriiDBd in mors aetail by Bräuninger et al. , in-

vclves rhc; inte: rfers nee cf t M e attenuated and phaseshifted

waves coming through the iAjir& and the unattenuated waves

coming through thc openir-g. Optical constants of gold were
8 9used äs given L.V -i^güTi^r.r et al. ' , and Aschenbach .

Figures I - III bhow, äs cata points, the measured efficiencies

for the three ^ra Ling facets. The solid curves represent the

thnoretical wavslsngth dependencics of the respective effi-



cienciGS for t he wire crcss section shüwn in t he insert. The

Parameters of t he trapezoidal wire pro-Files are deterrnined from

a best fit to t he data poirits; they are listed in the Table.

The fractional 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 I), the first order efficiency has an enhancement with

a maximurn of 20 % at 90 A, while the zeroth arder 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 trapezoidal

rat h er t ha n rectangular cross section. Our model calculations

are in excellent agreement with observations. The difference

is within 10 % for all values of the zeroth and first order

except far three values of grating I and same values of grating

II for which the difference is within a.factor two äs for the

higher Orders, too. Probably, the reason for this is a mis-

reprssentation of the cross section äs 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 manufacturur. The thickness is about a factor two too low.

Unccrtainti es of the optical constants may be responsible for

these discrepünci es . Therefore, we plan to cdlculate the re-

fractive index of gold in the ränge of anomalous dispersion

with the aid of our model, if we s ha 11 have deterrnined the

wire cross section by electron microscope photographs with

sufficient accuracy. The optical constants, determined in this

way, promise to be more accurate, because the efficiency

gives bot h phase and amplitude i nformat io n.

Table

grating wire thickness width at base/top

I 0.09 Um 0.62/0.50 Um

II 0.10 um 0.63/D.39 Um

III 0.25 Um Ü.63/Ü.30 Um



Ref Grenc_E5

H. Gursky, and T. Zehnpfennig, Appl. Opt. 5_, B75 [1966)

J.H. Gijkstra, L . J , Lantwaard, and C. Timmerman:

CQSPAR/IAU-Symp. on New Instrumentation for Space Astron.

(K. van der Hucht and G.S. Vaiana eds.) (Pergaman Press,

Uxford and New York 1975)

3) h. Bräuninger, P. Freden!, and K.P. Beuermann, Appl. Opt.

16, 3E8 (1979]

4) H.W. Schnapper, L.P. van Speybroeck, 3.P. Delvailie,

A. Epsüein, E. KälIne, R.Z. Bacnrach, J. Dijkstra, and

L. Lantwaard, Appl. Gpt. 6̂, 1056 [1977}

5) H. Bräuninger, H. Kraus, H. Üangschat, K.P. ßeuermann,

P. Predehl, and J. Trümper, submitted to Appl. Dpt.

5) H. Dietrich, and C. Kunz, Rev. Sei. Instr. 43, 434 (1972)

7) R. -P. nde Ibich, C. Kunz, D. Rudolph, and G. Schrr.ahl,

Nucl. Instr. flethods 1G2, 127 (1978)

ö l M . -J . i l«Bemann, W. budaL , and C. Kurz, DE5Y SR-74/7

9} 3. Aschenbach, private cammunication



Figure: üno-sidü m-1 n Graer efficiencies N l /N (1-f) for the

first t.-irsa and t he zerot h diffractian ordsrs. A f rac-

tional nbs t ruc t i "L; aree of f - G.67 is assumed. The tri

angles, c i r c Ü B Ü , r^ueres anü CPOSSGS represent the data

Points, tris soiic- curv^s are the carrespondi ng theoreti

::dl 8 f f i o i uric i e5 , " i n s wire cross section is shown äs

inssrt. Th? scals is 1 um.
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