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Introduction

The Advanced Photon Source (APS) at the Argonne National Laboratory is
a national user facility for synchrotron radiation research.

Introduction

@ In 1999, to overcome the obstacles in developing a 4-crystal in-line high-resolution hard
x-ray monochromator using a nested channel-cut crystal geometry with meV bandpass [1],
the first high-stiffness weak-link mechanism with stacked thin-metal sheets was developed
[2] for the Advanced Photon Source (APS) high-energy-resolution beamline 3-ID [3]. The
precision and stability of this mechanism allowed us to align or adjust an assembly of
crystals to achieve the same performance as does a single channel-cut crystal, so we called
it an “artificial channel-cut crystal.” Using this mechanism, we can make an outer channel-
cut crystal large enough to optimize the nested monochromator's performance and
compensate the crystal local temperature and strain variations. A less-than-25-nrad-per-
hour angular drift of two crystals was demonstrated in a two-hour stability test with a 1-
meV bandwidth monochromatic beam [2].

@ Since then, more than forty sets of such rotary weak-link mechanisms have been made
for APS users in applications, such as high-energy-resolution monochromators for inelastic
x-ray scattering and x-ray analyzers for ultra-small-angle scattering and powder-diffraction
experiments. Their typical angular positioning resolution is 20-40 nrad with a travel range of
up to 1.2 degrees.
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Weak-link mechanism for high-energy-resolution x-ray monochromator

maximum displacement 94 pm with maximum
von Mises stress 175 MPa

Left: A finite-element simulation for a wheel-shaped rotary weak-link module. It shows the displacement
distribution under a 0.89 Nm torsion load on the center part while the outer ring is fixed on the base.

Right: A 3-D model of a typical overconstrained rotary weak-link module. It consists of 16 layers of
stainless-steel weak-link sheets bonded together with a total thickness of 4 mm.
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Weak-link mechanism for high-energy-resolution x-ray monochromator

Fixed crystal holder

Picomotor

Pitch and roll
Adjustable crystal holder

Picomotor Sine-bar with PZT holder

Weak-link mechanism

A novel miniature overconstrained weak-link mechanism that allows positioning of two crystals with
better than 30-nrad angular resolution has been developed at the APS [8,9]. The precision and
stability of this structure allow the user to align or adjust an assembly of crystals to achieve the same
performance as a single channel-cut crystal, so we call it an “artificial channel-cut crystal.”
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Weak-link mechanism for high-energy-resolution x-ray monochromator
at APS XOR 3-ID-B

e Sensitivity test with a laser Doppler encoder
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Weak-link mechanism for high-energy-resolution x-ray monochromator
at APS XOR 3-ID-B

o Stability result from a x-ray experiment
Relative intensity measured by an ionization chamber after the high-resolution
monochromator (1-meV bandwidth) as a function of time. The data are corrected for the

decaying current in the storage ring.
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Weak-link mechanism for high-energy-resolution
X-ray monochromator

The availability of this novel mechanism makes life easier for novel x-ray crystal optics
developers, because of the possibility of free-to-use asymmetric-cut crystals in the
monochromator design to improve angular acceptance and energy resolution. It also
provides the capability to perform a dynamic angular adjustment for temperature
compensation between two crystals.

Weak-link mechanism for high-energy-resolution x-ray monochromator
at APS XOR 3-ID-B

- e ————

Figure shows APS staff scientist Tom Toellner at the new monochromator used for HRIXS. The cryogenically
cooled, high-resolution monochromator transmits a 1.2-meV-bandwidth x-ray beam with 60% spectral
efficiency.

The first pair and last pair of reflections are aligned to the silicon (2 2 0) crystal reflection with special crystal
surfaces cut for matching of the reflection width of the middle pair of the cryogenically cooled silicon (15 11 3)
crystal reflection. Laminar weak-link mechanisms are utilized for alignment of the first pair and last pair
crystals™.

*T. S. Toellner, APS Science 2004, ANL-05/04, p. 130
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Weak-link mechanism for high-energy-resolution x-ray monochromator
at APS Sector 33

Sine-bar with PZT

The applications were also expanded to the
high-resolution crystal analyzer and the
analyzer array for x-ray powder diffraction
instrumentation. Figure shows a rotational
stage using an overconstrained weak-link
mechanism for the National Institute of
Standards and Technology’s (NIST) ultra-small-
angle x-ray scattering instrument at the APS
UNICAT sector 33 experimental station.

DC-motor actuator

Weak-link mechanism

Crystal analyzer

Weak-link mechanism for high-energy x-ray monochromator at APS 1-ID-B

Photograph of a high-energy x-ray monochromator with four crystal reflections constructed at APS XOR
beamline 1-ID-B. It shows a high-energy (50-100 keV) high-resolution x-ray monochromator with four crystal
reflections constructed at APS beamline 1-ID-B, which has been used for resonant powder diffraction* and
stress/strain studies**.

*Y.Zhang, A. P. Wilkinson, P. L. Lee, S. D. Shastri, D. Shu, D. =Y. Chung, M. G. Kanatzidis, J. Appl. Cryst. 38, 433-441 (2005).
** B. Jakobsen, H. F. Poulsen, U. Lienert, J. Almer, S. D. Shastri, H. Sorensen, C. Gundlach, W. Pantleon, Science 312, 889-892 (2006).

Argonn




Weak-link mechanism for an x-ray powder diffraction instrument at APS
XOR sector 11

Figure shows a 3-D model of the analyzer array for an x-ray powder diffraction instrument at APS XOR
sector 11. There are twelve silicon (1 1 1) or germanium (2 2 0) crystal analyzers in this array, each of
them includes a PZT-driven laminar weak-link mechanism for the crystal’s fine pitch adjustment with a
resolution of better than 0.05 arc-sec*.

* P. Lee, M. A. Beno, D. Shu, M. Ramanathan, J. F. Mitchell, J. D. Jorgensen, and R. B. Von Dreele, SRI 2003 Conf. Proc. 705, AIP
(2004) 388-391.

Stages for high-resolution crystal analyzer

Analyzer Crystal Stage for 3 Adjustment

Stage for 6a fine Motion

Stage for 6a Coarse Motion

For each of the analyzer crystals, there are three positioning devices stacked
together to control the crystal’s angle 6, coarse motion, angle 0, fine motion, and
angle yadjustment. A commercial rotary stage ART-50 from Aerotech™ Inc.
U.S.A. is applied for the analyzer crystal’s angle 6a coarse positioning.




X-ray slits array

Entrance Slit Insert
Exit Slit Insert

Slits Box Frame

Gas Fitting

Analyzer Crystal
Tantalum Blade

The slits box consists of an aluminum slits box frame, tantalum x-ray insulating
blades, and 24 slit inserts. The slit inserts are precisely exchangeable. A set of slit
inserts is manufactured to cover the tantalum knife-edge slit size range from 0.2
mm to 3 mm for various applications.

Twelve-analyzer and detector system

Left Side Six Units 2 e 1 a

We grouped the twelve analyzers and detectors into two sub-assemblies:
left side six units and right side six units.




Twelve-analyzer and detector system

A
Argonne

General layout

A 3-D model of the high-resolution diffractometer with 12-analyzer/detector system
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General layout

i e

The high-resolution diffractometer has a dimension of 2600 mm (H) X 2100 mm (L)
X 1700 mm (W). The main circle of the goniometer has a vertical mounting disk
with an outside diameter of 1200 mm.
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In-vacuum weak-link positioning devices design

Many synchrotron radiation instruments require high-vacuum (HV) or ultra-high-vacuum
(UHV) compatibility. Special design practices need to be established for the HV- or UHV-
compatible device to minimize the gas load and maximize the pumping speed. The major
design considerations for an HV-or-UHV-compatible device include:

@ Selecting the HV- or UHV-compatible material with which to construct the device
Minimizing the device surface area open to vacuum

Eliminating any trapped volumes in the device and component design

Selecting the proper surface quality and manufacturing process

Compatibility with cleaning process and bake temperature

Selecting the proper material for friction pair

Selecting the proper cooling method

Mechanical stabilizing under vacuum force
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Weak-link mechanism for UHV Monochromator at APS XOR 8-ID
for x-ray photon correlation spectroscopy applications
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Monochromator Supporting Structure
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Monochromator Vacuum Tank
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Monochromator Vacuum Tank




Monochromator Sine Bar Structure and Driver

8

Detailed cross-sectional side and front views showing the mechanical and vacuum design of the artificial channel cut monochromator. In
the center and right panels the “pink” x-ray beam is incident from the right and the monochromatic beam is transmitted to the left.

Referring to this figure, a precision hollow shaft (2) supported by two sets of shaft bearings inside a precisely machined rigid housing
permits stable angular rotation of the crystal by means of the sine-bar mechanism. The sine bar (6) is mounted to the shaft (2) with
maximized rigidity, permitting the 236-mm-long sine bar to have a 13° rotation range. Using a hardened ruby ball (7) as a precision contact
point, the sine-bar arm is driven by a commercial UHV-compatible ceramic-motor-driven linear positioning stage (8) that has 10 nanometer
closed-loop linear resolution based on an UHV-compatible linear grating encoder on the stage [5], yielding high angular resolution (42
nrad, theoritically) of the artificial channel-cut assembly. The artificial channel-cut crystal mechanism (4) is attached to front of the sine
bar, which is cradled with the high-stiffness precision shaft. The entire assembly, including the channel-cut crystal cage (see below), is
contained in a compact UHV vacuum chamber (1) eliminating the use of bellows to transmit the motion and thereby any residual vacuum
forces. Water cooling is provided by bellows-insulated cooling lines (3, 5). [8]
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Monochromator Sine Bar Structure and Driver




Monochromator Sine Bar Structure and Driver

Achieving the mechanical and vacuum design requirements required
incorporation of several novel UHV-compatible motion stages. Chief
among them is an UHV-compatible linear slide assembly comprised of a
precision slide from Alio Industries™, piezoelectric actuators from
Nanomotion™, an encoder from Renishaw™, and an ACS Motion™
SPiiPlus stand-alone Ethernet servo controller. The combination delivers
exceptionally precise closed-loop positioning in vacuum over extended
length scales and velocity ranges. [8]

Monochromator Sine Bar Structure and Driver

Nanomition™ piezoelectric motor

@ Based on the principles of ultrasonic standing waves in piezoelectricity
@ Operating similarly to DC servo motors with high resolution

@ Closed-Loop feedback with a grating encoder

@ UHV-Compatible

Courtesy of Nanomotion Inc.




Monochromator Sine Bar Structure and Driver
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UHV-Compatible Artificial Channel-Cut Crystal Mechanism

8 9 11

Front side and back side views of a 3-D model for a typical high-stiffness weak-link mechanism for an
“artificial channel-cut crystal”. (1) Cooling tube; (2) First crystal holder; (3) First crystal; (4) and (14) Rotary
weak-link modules; (5) flexure bearing; (6) Second crystal holder; (7) Second crystal; (8) Base plate; (9) and
(11) linear weak-link modules; (10) PZT actuator; (12) Sine bar: (13) and (15) PicomotorTM actuators. [9]
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UHV-Compatible Artificial Channel-Cut Crystal Mechanism

Monochromator Control System

EPICS 3.14 ACSPL+ Caormmands o | SPiiPlus (ACSPL+)

Y

Motar Record eSet and read variahles Motor Programs:
eStart motion programs ABS, JOG, HOME, ..

@ An important control requirement was ensuring that this new monochromator
sine bar driver assembly could be seamlessly integrated into Beamline 8-ID’s
VME-based-EPICS beamline control system.

@ This was completed by creation of an EPICS 3.14 device driver so that a
standard EPICS motor record can communicate over Ethernet with ASCPL+
command sequences exposed by a socket layer hosted on the ACS Motion™
SPiiPlus motion controller.

@ Aside from allowing us to integrate this motion into our control system, the
Ethernet-based architecture permits ready access to specialized servo tuning,
motion-profile-creation, ..., using ACS Motion’s™ SPiiPlus MMI Windows ™-
based application without switching delicate cabling. [8]
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Test Results and Discussion

The new monochromator was installed in Beamline 8-ID-I in April 2006. [8]

TABLE 1. APSBeamline 8-1D-1 Component Lay out

Item Distance from Radiation Source (m)
APSUndulator A 0.0
Windowless differential pump 25.0
0.3-mm diameter pinhole aperture 27.0
0.15%incident ange horizonta bounce plane Si mirror 29.1
0.1-micron root-mean-squar e (rms) surface finish Be window 33.0
Artificid channel cut monochromator 65.0
0.1-micron rms surface finish Be window 66.0
Collimating slits (wide open for the measurements presented in Fig. 1) 68.0
Exit flight path 75-micron-thick Kapton™ window 72.0
Roper Scientific CoolShap HQ detector 725
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Test Results and Discussion

Fig. a

Fig. b shows the Ge(111)-monochromatized beam (7.35 keV) produced by the new monochromator.
Evidently, its transverse intensity profile is considerably more uniform than that produced by the traditional
channel-cut monochromator previously installed in Beamline 8-ID-I (Fig. a). In particular, the variance of the
recorded intensities in the center range |X| and |Y| < 67 microns is 50% less in Fig. (b) as compared to that in
Fig. a. Moreover, the intensity in Fig. a varies rapidly over considerably smaller length scales versus that in
Fig. b with negative implications for the stability of the overall set-up (since the smaller length scale (~ 25
micron) roughly corresponds in size to typical collimating apertures [1]). [8]

500 1000

Fig. b




UHV-Compatible Artificial Channel-Cut Crystal Monochromator
for High Pressure Research

Cooling bridges
between two crystal

holders 2.5mm gap crystals

Water cooling
tubes

Courtesy of APS HP-CAT
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High-stiffness weak-link mechanism for linear motion reduction

Top of the stage

Weak-link mechanism

Base of the stage
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Using the same technique described in the section for the weak-link mechanism for a high-energy-
resolution monochromator, we have developed a novel stage using a high-stiffness weak-link
mechanism to perform linear motion closed-loop control at the sub-100-pm level with micron-level
travel range. The structure consists of four groups of overconstrained weak-link parallelogram
mechanisms made with lithography techniques. Driving sensitivity better than 30 pm was
demonstrated with this weak-link linear-motion-reduction mechanism with a 1-micron travel range.




Introduction for ANL CNM nanoprobe project at APS
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Commissioning of the Argonne nanoprobe instrument




Commissioning of the Argonne nanoprobe instrument

Courtesy of: _aVXralla

Commissioning of the Argonne nanoprobe instrument

Courtesy of: _atXrama




Commissioning of the Argonne nanoprobe instrument

Courtesy of: _aVXralla

Commissioning of the Argonne nanoprobe instrument
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A nanopositioning diagnostic setup has been built to support the CNM nanoprobe instrument commissioning
process at the APS. lIts laser Doppler interferometer sytem provides subnanometer positioning diagnostic
resolution with large dynamic range. A set of original APS designed ultraprecision PZT-driven weak-link
stages with high stiffness motor-driven stages has been tested with this diagnostic setup.




Summary

@ More than forty sets of rotary laminar weak-link mechanisms have been
made for APS users in synchrotron radiation instrumentation applications,
such as high-energy-resolution monochromators for inelastic x-ray scattering,
UHV-compatible monochromator for XPCS, and x-ray analyzers for ultra-
small-angle scattering, and powder-diffraction experiments. Linear laminar
weak-link mechanisms also demonstrated high resolution with high stiffness
for high-precision linear stage applications, such as x-ray nanoprobe
applications.

@ Commercial available now.
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