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Abstract A new low emittance lattice storage ring is under construction at the ESRF'. In this new instrument, an upgraded end station for ID31 beamline must allow to position the samples along complex trajectories with a
nanometer precision. In order to reach these requirements, samples have to be mounted on high precision stages, combining a capability of large stroke, spin motion, and active rejection ot disturbances. However, the precision
is limited by thermal expansion and various imperfections that are not actively compensated. Our approach is to add a Nano Active Stabilization System (NASS) which is composed of a 6DoF Stewart platform and a 6 DoF
metrology system. A 3D model of the end station updated with experimental data is developed. As the mass of the samples may vary by up to two orders of magnitudes, robust control strategies are required to address such plant
uncertainty. The proposed control strategy are presented and applied on the developed model by conducting time domain simulations of tomography experiment in presence of instrumentation noise and system uncertainty:.

Introduction Nano Active Stabilization System
Within the framework of the ESRF Phase II Upgrade Programme, a new state-of-the-art end station for the 6 DoF Metrology System In order to achieve the posi-
high—energy beamlir.le ID31 is.under development. P.{esea.rch n many scientiﬁc areas such as material and life tioning accuracy and stability requirements (shown on Table . X;ray
sciences are increasingly looking for instruments with higher spatial resolution. The design of the new end 1), a direct measurement of the relative position from the
station will enable many hard X-ray characterization techniques such as reflectivity, wide angle diffraction sample to the optical element is mandatory. Laser interfer-
and diffraction tomography. The need of great versatility induces many constrains on the end station such ometry is chosen as it offers many advantages such as high
as combining large stroke (= 10 mm), high precision (= 10nm) while accepting samples with mass ranging resolution, high stability and large measurement range.
from 1kg to 50kg.
Many positioning end stations have been developed with an increasing positioning precision [1]-[3]. 6 DoF Active Stabilization Stage In order to actively
However, when nanometer precision is needed, thermal expansion and vibrations are becoming the main source compensate the positioning error of the sample in all 6 DoF',
of positioning error that cannot be compensated by encoders used for each stage. Therefore, a direct metrology a short stroke Stewart platform is added just below the sam-
system is usually needed [2]. ple as shown Figure 4.
The aim of this study is to develop a short stroke Stewart platform that actively stabilize the sample By inverting the dynamics of the Stewart platform, it is
position and compensate for all sources of perturbations and imperfection. possible to control independently the position of the mobile

platform in all 6 DoF with respect to the fixed platform |4].
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Fig. 1: Schematic of the Tomography Experiment

Results

ID31 Sample Station Control Configuration In order to control such a system, we choose to start with a simple cen-
tralized feedback control as shown Figure 5. The controller takes the signal of the metrology sys-
tem in 6DoF and generates the forces applied by the NASS in 6DoF. It is therefore a 6 by 6 matrix.
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Fig. 5: Control configuration. P is the model of the end station, w the Fig. 6: Positioning error of the sample during the simulation of a tomography

exogenous inputs, d the 6DoF measurement, F' the 6DoF forces applied by  experiment. The blue curve correspond with the ID31 without the NASS and

Fig. 2: CAD view of the ID31 end station the NASS and z the signals we want to minimize. the red curve with the NASS added. M = 20kg and 6, = 30 rpm.

Control Synthesis We first choose to only have non-zero diagonal elements. Then, each diagonal controller

The ID31 Sample Station consists of multiple stacked
is tuned independently and has a lead-lag structure:

stages (figs 2 and 3):

o translation stage: travel range of T, = 45 mm. e An integral action is added at low frequency to have no static error

Permits to scan the sample through the X-ray:. e A lead is added near the crossover frequency to add some phase margin

e 1ilt stage: rotates the sample around the y axis
by 0y = £3°. The rotation axis is aligned with
the focusing point of the X-ray in order to allow
experiments such as X-ray reflectivity.

e A pole is further added in high frequency to reduce the effect of noise

Tomography Experiment In order to test the performances obtained with the current controlled system,
a simulation of a tomography experiment is conducted. The rotation speed of the spindle is set to 0., = 30rpm,
the mass of the sample is chosen to be M = 20 kg, and ground motion is taken into account.

The result is shown Figure 6. The blue and the red curves represent the x — y motion of the sample for the
positioning system respectively without the NASS and with the NASS.

The residual motion of the sample when using the NASS is less than 50 nm in the xyz directions.

e air bearing spindle: rotate the sample around
the vertical axis with an angular speed that varies
from 6, = 1rpm for light samples (M < 1kg) to
f, = 60 rpm for heavy samples (M = 50kg).

e [ong-stroke Stewart platform: allows a fine po-

?l[t)lo]?;ng of the Sample in all 6 degrees of freedom Fig. 3: Picture of the ID31 end station. (1) Granite, (2) Translation stage, COHCIUSIOH
O .

(3) Tilt stage, (4) Long stroke hexapod, (5) Mass representing the sample . o . L . o
A high precision and versatile positioning platform has been presented. In order to obtain nanometer precision,

a Stewart platform based stabilization system (the NASS) is proposed. A 3D finite mass model has been
developed to test such stabilization system. It has been showed that even with a simple control architecture,
the parasitic motions of the sample can be reduced down to 50 nm.

° gra,fm‘ty compens ation Sy stem: consists of two environment. The spindle is hidden by the translation and tilt stages.
motorized mass that can be positioned around a
circular guidance in order to pertectly aligned the
center of mass with the spindle rotation axis.

These type of stabilization platform associated with a precise 6 DoF metrology system could be used for many
other positioning systems.

To turther improve the performance ot the system, many control architecture could be developed such as a
(2000 K) temperatures, high magnetic field (8T, Tab. 1: Specifications on the motions of the ID31 end station hybrid feedback-teedforward control or HAC-LAC feedback control. Moreover, to address the robustness issue,
ote. control techniques such as Hoo loop-shaping and p-synthesis would be of great help.

Repeatability 20nm 10nm 5prad 2 prad

e sample environment: permits to study samples MIM 3nm  3nm 2purad 0.5purad

under wide range of condition: low (1.2 K) to high
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