
Cryogenically Cooled Monochromator Thermal Distortion Predictions*

Gordon Tajirij Wah-Keat Leej Patricia Femandezj Dennis Millsj
Lahsen Assoufid! and Farid Arnirouchett

‘Experimental Facilities DivisioG Advanced Photon Source,
Argonne National Laboratory, Argonne, IL 60439

‘tDepartment of Mechanical Engineering, University of Illinois at Chicago, Chicago, IL 60607

October 1999

ITbe submitted rnanuscrbt haa beerr created byl

I
the University of Chkago aa Operdtor 6
Argonne National Laboratory (“Argonne”) under
Contract No. W-31-109-ENG-38 with the U.S.
Deparbrrent of Energy. The U.S. Governrnent
retains for itself, and others acting on its behalf,
a paid-up, nonexclusive, irrevocable worldwide
license in aaid article to reproduce, prepare
derivative worka, dktriiute copies to the public,
and perfornr publicly and display publicly, by
or on behalf of the GovemmenL

To be published in the Proceedings of the 11* U.S. National SynchrotronsRadiation
Instrumentation Conference (SRI’99), Stanford, .CA, October 13-15,1999.

*This work is supported by the U.S. Department of Energy, Basic Energy Sciences, Office of
Science, under contract #W-31 -109-ENG-38.

.

—— —.



. .

DISCLAIMER

This report was prepared as an account of work sponsored
by an agency of the United States Government. Neither the
United States Government nor any agency thereof, nor any
of their employees, make any warranty, express or implied,
or assumes any legal liability or resptmsibiiity for the
accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that
its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily
state or reflect those
any agency thereof.

of the United States Government or

- ---7T-, .,’ 77 ,. > . . .. .-. T”-”?--TZ 7-.= -. .,.,.. ..~,. . ..7... . . ., ...



DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available originai
document.

—.. ..—- . ..--. .,. ,, .-.-,.= ,., ., .,, .—-—.—.. —-–.-. ..— -



the source brilliance, selectivity of energy bandwidth, and the capability of reducing
the effective source size. The beamline uses a windowless operation between the
front end and the beamline to avoid degradation of wavefront due to vacuum barriers.
The nominal emittance of the beam in the APS storage ring is 8.2x10-9m-rad. Given a
one-percent coupling between the vertical and horizontal emittance and beta functions
of 14 m (horizontal) and 6 m (vertical), the FWHM source size of the photon beam at
the center of the straight section is 52 pm (vertical) and 790pm (horizontal). In order
to preserve the brilliance, we use a water-cooled grazing-incidence (O.150)
horizontally deflecting mirror (1.2 meters long) as a first optical component. The
grazing incidence of the mirror considerably reduces the power density on the
reflecting surface and thus improves the performance of the first component. The
cutoff of the reflected energy provided by the mirror considerably reduces both total
radiation power and heat flux incident on downstream optical components, thus
enhancing their performance. The horizontal deflection geometry takes advantage of
less stringent requirements in slope error for avoiding brilliance degradation in the
horizontal direction because the emittance in that direction is two orders of magnitude
larger than that in the vertical direction. Three reflecting surfaces (Si, Rh, and Pt)
cover x-ray energies up to 40 keV. Use of the mirror also provides suppression of
high-order harmonics of the undulator radiation, which is particularly important for
high-energy storage rings like the APS. Either a double-crystal monochromator
(DCM) or a double-multilayer monochromator (which will be installed soon) located
64 to 65 meters from the source is used to monochromatize the mirror-reflected
undulator beam. The combination of the large monochromator-to-source distance and
the power filtering of the mirror reduces the maximum power density at normal
incidence at the monochromator to less than 13.3 Wh-n.d, thirteen times less than that
of a bean-dine without mirror faltering and with the monochromator located in the first
optical enclosure. When a proper mirror coating is used, the maximum heat flux on
the first crystal is less than 2.3 W/mmz. A monolithic, U-shaped, and water-cooled
Si(111) crystal, with less than 2 microradians of tangential slope error over the
footprint of the FWHM of the undulator radiation, is used as the f~st crystal for the
DCM. It can handle a peak heat flux of 5W/mmz before the beam brilliance
degradation becomes severe.
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Figure 2 illustrates the HXRSM in the experiment station. The phase zone plates
we have developed for the HXRSM have first-order focusing efficiency from 15% to
40% within the x-ray energy region from 6 keV to 20 keV.z The thickness of the gold
zone plates ranges from 1.5 pm to 3.5 pm, and the focal length ranges from 5 cm to
several meters at 8 keV. The outermost zone width, which determines the spatial
resolution of the focusing optics, has reached 100 nm. Future development of the
phase zone plates will improve the spatial resolution and extend the capability of the
HXRSM toward higher energy. In the meantime, x-ray energies higher than 20 keV
can be achieved by employing a multiple-zone-plate stacking technique. The
HXRSM is located in the experiment station 71.5 meters away from the source. For a
zone plate with a focal length of 10 cm at 8 keV and a diameter of 150 ym, we have a
demagnification factor of 710. In order to coherently illuminate the zone plate in the
horizontal direction so that a horizontal spot size limited by the outermost zone width
of the zone plate is obtained, a water-cooled and adjustable slit located 28.3 meters
from the center of the insertion device straight section is used to reduce the effective
horizontal source size.
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Fig. 2. Zone-plate-based x-ray microprobe in experiment station.

The vertical size of the focal spot generated from a zone plate of 10-cm focal
length at 8 keV was measured usin~ a knife-edge scan. The fluorescence intensity
was measured while scanning a 100-A-thick Cr knife edge across the focal spot. The
FWHM spot size was obtained by first fitting the fluorescence intensity profile with
error functions and then taking derivative of the fitted profile. Using a Si(l 11)
monochromator, we have obtained a focal spot size (FWHM) of 0.15 pm (v) x 1.0
pm (h)3 and a photon flux of 4X109photons/see at the focal spot and thus a photon
flux density gain of 15,000. A circular beam spot 0.15 pm in diameter can be
achieved by creating a virtual source (horizontal only) at 43.5 meters upstream of the
zone plate, with an order of magnitude less flux in the focal spot.

The HXRSM consists of a zone plate, a platinum order-sorting aperture (5-30 ~m)
for selecting the first-order focused beam, and a sample holder assembly that allows
three orthogonal translations and a full rotation around a vertical axis (theta rotation).
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The translation stages on the sample assembly provide a minimum step size of 0.1
pm. Apeizo-driven XYstage onthemsembly provides finer scanning steps. The
sample assembly also contains chi and phi segments for angular positioning of
samples when performing diffraction experiments. The HXRSM is equipped with a
Ge energy-dispersive detector (a 13-element detector will be installed soon) for
fluorescence measurements and a CCD or NaI detector mounted on the 2-theta arm
for diffraction measurement.

Since the commissioning of the HXRSM in December 1997, the microprobe has
been used for the development of many x-ray microfocusing-based techniques and a
broad range of scientific applications. They include high-spatial-resolution
fluorescence microscopy,4G diffraction microscopy~-10 microspectroscopy,7
fluorescence correlation spectroscopy,l’ and fluorescence tomography.lz In addition,
we are currently carrying out experiments of transmission microscopy and
transmission microtomography.

*Thk work was supported by the Department of Energy, Basic Energy Sciences, Office of Science,
under Contract No. W-3 1-109-ENG-38.
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