Platform

AUltra stiff vacuum
tank (comprising
inch thick plate and
ribs) forms an
integral mounting
platform. Very high
natural frequency
implies mount
platform is vibration
decoupled from
granite base block.

AlLarge linear
actuators provide
pitch (grazing angle)
control to <lurad &
0.1prad resolution &
horizontal
translation to 2um
(0.1um resolution).
Optional piezo stage
can be fitted.

A3 kinematic mount
jacks provide roll
and yaw to <5prad
repeatability &
0.3prad resolution &
height into beam
control to < 2pm.

AAIl motorised axes
may be fitted with
optional encoders
for further improved
repeatability.

ABuilt under licence
from University of
Chicago.
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Horizontally Focusing X-Ray Mirror System”

Vacuum Tank

Ultra stiff (thick plate
and ribbed) forms
integral mounting
platform. Very high
natural frequency -
extremely decoupled
from granite base

Through Vacuum Linear Actuators
Control horizontal positioning and pitch
of mirror bender (see next page)

Jacks Retraction
Moun?n(? l:rame ’I\?Ae‘:hamsr? Clean assembly of mirror bender
mounted kine- etraction frame
matically on 3 and driven Photos courtesy GSECARS
jacks controls roll slideway. Note

frame is de-

coupled from
flange lid when
vessel is sealed

and yaw & vertical 1@
translation (for 1

centering on ~-
toroids and/or
between multiple
offset beams or

coating stripes.

Base

Natural granite
block i vibration
damping inertia
mass base

N

Mirror system under bakeout

Ultra-Precision Differential Moment Bender on Multi D.O.F Platform

A high performance mirror system, developed and proven at GSECARS sector 13 APS. At
the heart of the system is a two moment bender - a unique self-contained closed force loop
system for mrad control of the mirror optic (see overleaf for details).

The pitch (grazing angle) to
beam is controlled by two very
large and rigid through-vacuum
linear actuators fitted through the
ultra stiff flange lid mounting
platform, which is integrally
designed as part of the vessel.
With a massive granite base the
system forms an extreme natural
| frequency decoupled assembly
for resistance to ground vibration
noise.

A set of 3 very high precision
jacks control roll (angle about
beam axis) and yaw (angle about
optic normal) and also heights
the mirror into the beam with

: prad and pm precision. Full

(L . specification table overleaf.

Above: Horizontal mirror system installed on ID5 Micro-
spectroscopy beamline at the Australian Synchrotron.

For more information & full
specification contact IDT.

* Mirror System under licence from CARS 1 University of Chicago
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Bender

AMirror lengths from
0.6 to 1.4m+ length
accommodated.
Anti-sag
mechanism as
option, if required .

ADifferential 2
moment bender for
ideal dynamic
elliptical figuring
using unique
closed-loop force
bar bender
actuators.

AMechanically
decoupled cooling
system (via liquid
gallium grooves in
mirror). Thermal
slope error <lurad

with 100W heatload

and power density
0.1W/mm?.

AProven in-service
control of bending
slope to <lprad.

AResolution to
0.01%R
repeatability and
linearity of bend
<1%R.

AUHV compatible to
< 10° Torr.

A2 HFM mirror
system installed at

APS; 1 at SLS; 1 at

ASP.

www.idtnet.co.uk
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Motorised Actuator
In-vacuum stepper motors, anti backlash Mounts back onto bender rods
gearing and leaf springs drive bender on a strain free pivot bearing
arms. mount

Reaction Platform

\ Reaction Support Rods
Support rods (through
mirror) on slide and bearing

block
Interface Legs
Mounts back
onto linear ) Optic Facé
actuators (pitch
angle control)  Bender Lever Arms f
Driven by motorised actuators &

Bender Rods

Rods through bores in
mirror force profile to
elliptical bend

act on bender rods through

bores in mirror substrate Above: Horizontal

Bender mirror bender
The bender is a unique self-contained closed force system that exerts no external forces or
experiences no reactions from the external mounting environment. Lever arms, driven by in-
vacuum stepper motors, act on 2 rods, seated into custom fitted annealed copper bushes
through bores in the optic substrate, to bend the mirror to shape. A set of reaction rods
support the mirror & bender onto interface legs at either end (through a system of radial &
linear bearings that permit no distorting reaction forces from the interface back to the mirror).
The interface legs attach to through-vacuum linear actuators which controls the pitch of the
mirror.

A liquid gallium groove based cooling configuration (more details left) decouples the mirror
from potential water vibrations. These carefully designed and tested features of the mirror
bender and platform ensures that the mirror optic is as isolated from external mechanical
forces (that may potentially act to disturb the ideal optic profile) as it is practically possible to
be.

Motion Range Resolution | Repeatability Notes
In-Vacuum Bender & -10mm + 30mm | 0.17 nm Typ. <1%R Independent actuators provide
Bend Radius R = b t]x0.04% RN @R =5km differential moment to achieve ideal
elliptical profile
Horizontal translation & 100mm 0.04nm 0.3mm Through vacuum linear actuators
pitch (grazing) angle Nideg. 0.04nrad <lnrad control horizontal position and pitch
Vertical (Height) 50mm 0.3mm <2nm* 3 jacks (simultaneous) control height
Roll angle Reomrad 0.8nrad <5nrad* 1 jack controls roll
Yaw angle Riomrad 0.3nrad <5nrad* 3 jacks (simultaneous) control height
* Assumed encoder fitted GSECARS Double Focused 12.7 keV/
Undulator "A" Beam
Performance

The mechanical performance of each actuator is tabulated
above.
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In use at the APS, the mirror system has proved extremely
stable, with focussed images very close to the theoretical
limit set by the slope error of the polished figure of the
mirror itself. Right is the horizontal focus image recorded
for a doubly focussed (H &
beam at the APS. The estimated ideal theoretical focus of
64pum (FWHM) is matched to within 5% by the actual profile [ ‘
recorded. T T R R R ST
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