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. OUTLINE

Introduction
Where a Double Crystal Monochromator (DCM) is used ?
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INTRO : WHERE IS A MONOCHROMATOR ON A BEAMLINE

Travelling ot near (o the speed
of lignt, the efectrons complete
350 000 turns of the ring

The electrons travel
in a tube under
ubtra-high vacuum:
0™ mbar

Working environment:
Ultra High Vacuum
Radiation

2
38 knm/se — Everything is afigned to
within 4/200th cm
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. INTRO : WHERE IS A MONOCHROMATOR ON A BEAMLINE

Example 1D21
energy range: 2.05 — 11.5 keV

Storage ring
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. OUTLINE

DCM concept
What is a Fixed-Exit DCM
Working principle
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. INTRO : WHAT IS A FIXED-EXIT DOUBLE CRYSTAL MONOCHROMATOR

For Beamlines using

spectrocopy techniques Bragg angle

white beam

monochro

Storage
Ring

Ve
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- WORKING PRINCIPLE AND MAIN PARAMETERS
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. OUTLINE

ESRF DCM

Specifications for ESRF beamlines
Fixed-exit with mechanical system
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Fixed-exit with mechatronic system
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. KEY SPECIFICATIONS

Development of a new DCM for spectroscopy by the ESRF capable of :
* Continuous acquisition mode as default mode
* Perform full EXAFS* spectra at the Hz level
* Unprecedented energy stability :
Bragg stability < 100 nrad pp

» Unprecedented position stability (fixed exit in dynamic mode)

Ary > 15 nrad FWHM =3
Ry (0)

Arx = 100 nrad FWHM Rx (YM
Y
X

*Extended X-Ray Absorption Fine Structure

o 15nrad ~a hairat 5km e 75x10

5X103 =N\
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. ESRF DOUBLE CRYSTAL MONOCHROMATOR - REQUIREMENTS

Double Crystal Monochromator, main characteristics
DCM
“White” beam Crysta)
2-90 keV
Source  Max 300W/mm?2 \ .
Typical beam size 1x1mm Crystal — Monochromatic beam
Sample
Main Requirements:
Energy Stability Beam Stability Fast Scanning
(Over Time) (During Scans) (e.g. 1x EXAFS/s)
Main Challenges :
Very low deformation Very high thermal Very high positioning
of crystals stability precision

e
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DCM EXISTING CONCEPT : FIXED-EXIT WITH MECHANICAL SYSTEM

7 ™. »

Bragg angle

white beam

monochromatic beam

Storage
Ring

Mechanism with a cam
or single linear translation

SN\
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. ENGINEERING PROCESS

Our engineering philosophy :

15t/ Pre-study to list all sources of perturbations, errors, drifts... 2 Error budget

2nd/ Compare and select the most appropriate design architecture = Error budget

34/ Best mechanical design together with suitable control design : mechatronic process

' : : : .. I
Il Very low deformation Very high thermal Very high positioning |1
I y- ..

: of crystals stability precision :
- Sttt b T P T TTm -I I
Il Mechanical design ! i Mechanical design | i Mechatronic approach ! I

b e e e e 3 1 . TR | Sy Sy ey
' i Thermalisation l T '
I . Cooling design to obtain magic Si S ——— » Best mechanical design for |
| temperature (125K) on beam _ _ _ intrinsic best performances I
I footprint « Thermal insulation room vs cryogenic - Online metrology I
I Material CTE temperatures o « Active control I
. Thermal insulation * Water cooling circuit to maintain . Calibration in-situ

I Flexure based kinematic mounts actively structural parts at room I
I High stiffness temperature |
| Symmetric mechanical design to I
I mitigate the effect of thermal drifts |
[ I
I Performance vs Robustness 5 |

— e mm Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em EE Em Em Em Em Em EE Em Em EE Em Em Em Em Em Em Em Em Em Em Em Em e Em Em Em =
S\
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. DCM EXISTING CONCEPT : FIXED-EXIT WITH MECHANICAL SYSTEM

white beam

Storage
Ring

Mechanism with a cam

Page 15

Concept not adapted to new requirements
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Very high thermal
stability ?

Long natural stabilisation time required

No internal metrology to monitor drifts of crystals
parallelism

External metrology possible with beam position
monitoring ( intensity 4Q)

Very high positioning
precision ?

Positioning errors are not sufficiently repeatable

No internal metrology to monitor drifts of crystals
parallelism

Continuous scans are difficult to operate for energy and
beam stability, and the velocity of actuators is not
compatible with fast scanning

XN\
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. ESRF DCM ! FIXED-EXIT WITH MECHATRONIC SYSTEM

The ESRF-DCM prototype

Bragg angle

white beam

N
=

3x jack actuators
Tripod architecture

N\ e
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. FIXED-EXIT WITH MECHATRONIC SYSTEM - PRECISION OF MOTION

The ESRF-DCM prototype

Bragg angle

white beam

3x screw jacks with motors
+ 3X piezo actuators

XN\

-’;;7/; EIRO The European Synchrotron 1 E

Page 17 8th EIROforum School on Instrumentation | System integration and instrument design | DCM | L. Ducotté



. FIXED-EXIT WITH MECHATRONIC SYSTEM - PRECISION OF MOTION

The ESRF-DCM prototype

Bragg angle

white beam

2nd crystal
§ positioning
System

3x screw jacks with motors
+ 3X piezo actuators

SN\l
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. FIXED-EXIT WITH MECHATRONIC SYSTEM - ONLINE METROLOGY

ragg angle

2d crystal
positioning
System

=N\
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. FIXED-EXIT WITH MECHATRONIC SYSTEM - ONLINE METROLOGY

ragg angle

2d crystal
positioning
System

XN\
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FIXED-EXIT WITH MECHATRONIC SYSTEM - ONLINE METROLOGY

metrology frame

ragg angle

2d crystal
positioning
System
SN\ 3
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. KEY SPECIFICATIONS (REMINDER)

Development of a new DCM for spectroscopy by the ESRF capable of :

« Continuous acquisition mode as default mode

« Perform full EXAFS spectra at the Hz level

» Unprecedented energy stability :
Bragg stability <100 nrad pp

« Unprecedented position stability (fixed exit in dynamic mode)
Ary = 15 nrad FWHM
Arx - 100 nrad FWHM S

Ry (8)

Rx (y)
m
X

Now possible with the new concept
But requires a full study of all sources of
error and solutions for compensation

XN\
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. MECHANICAL DESIGN FOR HIGH PRECISION POSITIONING — KEY COMPONENTS

Crystal Cage / Bragg Axis

Piezoelectric

] Stack

_4 in Vac_:cum Encoders (15um stroke)
Direct Drive Torque Motor
Flexible
Fast Jacks Joint

; - Satellite roller

. Hybrlq Actuator _ SCrew

Piezo for real time error correction (1mm pitch)

Tripod Architecture Ball bearing guide
o Stepper Motor
Positioning along D,R,R,, (200 steps/turn)

High rigidity compared to stack stages

Mechanically too complex
to keep a parallelism
<100 nrad

Separate Metrology frame

3 Interferometers

D,R,R, Indirect measurement
on each Crystal

9 interferometers per crystal pair

SN\
-;/)/; EIRO The European Synchrotron | ESRF
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. CRYSTAL POSITIONING - ONLINE METROLOGY

Theoretical performance* Z Y
Movement Resol. Repeat. ‘K
ARX (roll) nrad <8 <110 Metrology frame X
A RY (pitch) nrad <3 <42

A TZ (vertical) nm 0.3 5

*Calculated from suppliers’ specification

15 optics fiber with Fabry-
Pérot interferometer heads
(no in-vacuum electronics)

Beam jp o
radiation resistance = 10MGy

2nd crystal
cage

» QOutgoing X-ray beam trajectory
stabilized by real-time
monitoring of crystal positions

* No external beam position
monitoring required (but can in
principle be added)

3 x Fastjacks

=, EIRD
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. ANALYSIS METROLOGY FRAME- GRAVITY EFFECT WITH BRAGG AXIS ORIENTATION

[NRAD / DEG]

X1/X2 PITCH

Page 25

Interferometer heads for measurement of X1 and X2 displacements

change of static error X1/X2 due to gravity / deg

100

- =@ dPitch/dAngle

ANGLE (DEG)
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@~ dRoll/dAngle

-50

-100
-150
-200
-250
-300
-350
-400
-450

X1/X2 ROLL [NRAD / DEG]

:;}//, EIRO The European Synchrotron ]

Bragg angle [2-78] deg

d(Ry)/deg d(Rx)/deg

[0-80]nrad/®  [90-420]nrad/°

<14 | <100
Out of specification on most of
Bragg range

Repeatable and f(Bragg)
Can be calibrated and compensated on
RT control system

k:?-::‘\\\'ll/_/i/_:’




SUMMARY OF DESIGN PHILOSOPHY

Crystal
parallelism

(nrad) Design philosophy

0,1t00,3
urad/deg

0,1 yrad/deg

<0,05
Non prad/10°scan
repeatable
errors
>
100%_ passive Corrected Realtime Control
positioning with control
No control Technology

Lookup system

loop table
A B C
Design Characterization Design

N
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A COMPLEX CONTROL ARCHITECTURE

3 FastJacks

Brs

'

@ Wi =]
@ o |
¥
e
Courtesy of T. Dehaeze -
N
—
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. HOW TO GET AN ACCURATE DCM? CALIBRATION !

ESRF DCM
21 nsity Interferometers FastJack
) (Crystal measurement) (Crystal positioning)
High Bandwidth Good Dynamics
) Calibrat}i?r, \
i » (Good Accuracy » (Good Accuracy
= Y
: . d
Calibration Procedure: Real Time
Feedback
1/ R,, calibration: rocking curves

2/ R, D, calibration using BPM Good repeatability » Good repeatability
3/ (optional): R, and R,, calibration
using focusing optics

Courtesy of T. Dehaeze

N\
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- 1 - RY CALIBRATION: FINDING THE TOP OF THE ROCKING CURVE...

1, Photodiode

0.9 -

0.8 |-

0.7 -

0.6 |-

Normalized I

04|

0.3 -

0.2 |

0.1

Metrology Ry offset
At this energy

Courtesy of T. Dehaeze -40 -30
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Metrology R, [urad]
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1 - RY CALIBRATION: ... AT SEVERAL ENERGIES

2 [ I I
0.9 -

1 -
0.8 -
0.7 |- 0 _
0.6 - 1= -

Normalized Iy
o
T

0.4 -

R, Calibration [prad]
do
|

0.3 -
02 | -4 - . .
0.1 5L i |
. ]
-40 30 gL A
7L - ]
-8 ! -
0 5 10 15 20 25 30 35 40 45 50
< T I | | | | | | I
Epergy [kiEv] 10 15 20 25 30 35 a0 45 50

Courtesy of T. Dehaeze
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2-D, AND R, CALIBRATION:

UNFOCUSED SCAN

100

Fluorescence screen

80

60

40

20

0

=20 -

BPM Position [pum]

40 +

60 |-

=80

CCD camera

40 T T
D, [pm)
301 R, [prad]

20 +

10 |-

Crystal

€l = 2 |é€q,

= —2D| €,

cos @ > .

sin@

-100
0
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15

20

25
Energy [kEv]

35 40 45 50
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=50 1 1 | L

0 10 20 30 40 50
Energy [kEv]
Courtesy of T. Dehaeze
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2-D, AND R, CALIBRATION: VERIFICATION SCAN

100

80

60

40

20

BPM Position [pm)]

-40

-60

Courtesy of T. Dehaeze
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. DCM : ENERGY STABILITY
Co K edge for 48HO00 : one spectrum (continuous scan, 800 eV, 1600 pts, 100 ms/pt) every 5 mn

Energy shift between two consecutive spectra

[ ] Distribution
7—— fit Normal distribution
Mean = 0.017 meV/spectrum (overall drift per spectrum)
501 SD = 1.48 meV (Statistical drift)
| -
40 + -~
Q
€ 30+ [
5 —
3 LT e
3]
O
o
20 1 =
10 -
0 T — T v v T T
6 -4 -2 0 2 4 6
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Energy shift (meV)

8th EIROforum School on Instrumentation | System integration and instrument design | DCM | L. Ducotté

Between two consecutive spectra

Average drift = 0.017 meV/spectrum
AE = 1.48 meV rms
AO =51 nrad rms

Courtesy of O. Mathon

SN\l
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OUTLINE

Conclusion

NV

=, EIRD
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Many advances in XAS can be obtained by
investing in instrumentation

Development of a new DCM for spectroscopy by the ESRF with
- Continuous acquisition mode as default mode
- Perform full EXAFS spectra at the Hz level
- Unprecedented energy stability
Bragg stability < 100 nrad FWHM
- Unprecedented position stability (fixed exit in dynamic mode)
AR, — 100 nrad FWHM over 1 deg
AR, — 150 nrad FWHM over 1 deg

- Continuous acquisition mode

- EXAFS spectra at 0.5 Hz

- Energy stability, Bragg : 51 nrad rms (DCM ?)

- AR, — 9.48 nrad rms /50.5 nrad p-p (over 1 deg)

- AR, — < 1.9 wrad FWHM (over 7 deg): difficult to measure

Future improvements ?
Faster scans keeping stability performance

\\'I I///

=, EIRO
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END OF PRESENTATION

THANK FOR YOUR
ATTENTION

Thanks to the DCM project and commissioning teams
and all those who have contributed to this ambitious
project, especially :

Delphine BABOULIN, Ray BARRETT, Pascal BERNARD,
Philipp BRUMUND, Gilles BERRUYER, Julien BONNEFOY,
Maxim BRENDIKE, Philipp BRUMUND, David BUGNAZET,
Hiram CASTILLO MICHEL José-Maria CLEMENT, Marine
COTTE, Thomas DEHAEZE, Hervé GONZALEZ, Cyril
GUILLOUD, Ricardo HINO, Marc LESOURD, Giovanni
MALANDRINO, Olivier MATHON, Alban MOYNE Manuel
PEREZ, Thomas ROTH, Murielle SALOME, Phlllpp
-}EALEEJIEU Remi TUCOULOU, Hans-Peter VAN DER
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RT CONTROL LOOP :

ACTIVE CORRECTION PERFORMANCE

20 T T T T T

Mode A - 5.4 [prad,rms|
Mode B - 0.4 [prad,rms]
Mode C - 0.04 [prad, rms]

15+ 6 =1deg/s
C bandwidth 20Hz

10

Roll Drx [prad]

-5 ) . . ) .

Pitch Dry [prad]

20 30 40 50 60
Bragg Angle [deg]

Page 37

20

15

—
==

on

Mode A - 6.1 [prad,rms|
Mode B - 0.3 [prad,rms]
Mode C - 0.02 [prad,rms]

N EFTINE P WORE Y TN

L o ol L)

20

30 40 50 60
Bragg Angle [deg|
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Sensitivity function

ISG)l = ‘1 +K(w) G(jw)

K: controller ; G: Plant

100+

101}

Sensitivity Magnitude

Disturbance at20Hz
corrected 30%

Dist. 10Hz corr.
80%

10217 |
- - -PID
‘m —_— . K ’
\ Dist. 1Hz corr. >99.8% _K}llII,
-3 20H =
10— . .
100 101 102

NV

=, EIRO

Frequency [Hz]
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ANALYSIS - EFFECT OF CRYSTAL CAGE DEFORMATION

Deformation induced by thermal expansion of the crystal cage (Al alloy)

Z displacement X or Y displacement Ry Rx
AT° 0.5K (24hrs) 1pum FEA 11 | -206
AT® 0.2K (8hrs) 0.5 pm FEA 7 -110
AT°<0.1K (shortterm) <0.2 um Extrap <4 <60
[nrad]

URES (mm)
20312003
13362003

L 1741003
- 15976003
- 14576003
_ 1306e-003
| 1163e-003
L 1016e-003
| 8.739e-004

| 7.293e-004

5.347e-004
a.401e-004
2.955e-004

Thermal drift of xtal cage should notinduce a metrology frame deformation abovethe specifications
forashortscanrange (1deg),i.e ashortterm drift.

For long term drifts, the xtal cage and the metrology frame are equipped with temperature sensors
in order to be able to compensate the parasitic displacementwith a TF model.

SN\l
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FWHM

- IWHM

Beam Diameter
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