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The CNPEM and the LNLS
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The CARNAUBA Beamline RO

/ S E)0  Sirius: 3GeV, 4th-generation
M /| Brazilian Synchrotron

Fluorescence KB

130 m

TARUMA: 135 m
(o0 =500 to 120 nm?)
(WD =440 mm)

Transmitted

Luminescence

@ Scattered SAPOTI: 143 m

- °' (0 =140 to 35 nm?)
(WD =55 mm)



The SAPOTI Station Al ) eneem

Features:

Loading

O Simultaneous multi-analytical
X-ray techniques:
a XRD
XAS
XRF
XEOL
Ptycho-CDI
Ptycho-Bragg-CDI
0 Tomography

Detectors

o000 Do

O In-vacuum operation:
cryogenic (100 K) to RT;

O High-speed high-resolution
flyscan mapping.

Mai
Charz::Eer Reference Papers:

%ra“‘f « doi: 10.1063/5.0168438 (XRM 2022)
enc * The Sample Positioning Stage for the SAPOTI Nanoprobe
at the CARNAUBA Beamline at Sirius/LNLS (ASPE 2022)
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SAPOTI Schematics
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Microscope
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SAPOTI Integration Overview A 7)) eneem
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KB Module VFM

Main
Mounting

HFM

Assembly %

" Frame
RS
) lﬁ,«/\@‘m1 /
REZTRNR, 4 =
Capacitive %‘
Probes '

(x4)

Reference Papers:
* doi: 10.18429/JACoW-MEDSI2020-TUOBO1
* doi: 10.1117/12.2633679

¥ ) cnPem
e

LNLS

1st mode
Modal © 325 Ho

2nd mode
@ 400 Hz 12





KB VFM Exactly- Constralned A ) eneem
Mechanism |

VFM Pitch (Rx) ekl

Range: ~ 20 urad
Res.: =~ 20 nrad
Align. Req.: 60 nrad
Stab. Req.: 4 nrad

VFM Translation (T2) Pitch Modes

Range: > 250 um >675 Hz

Res.: = 10 nm
Align. Req 20 um

Plezomlke F>
Actuator as

2



KB HFM Exactly- Constralned A ) eneem

LNLS

Mechanisms

1st mode
@ 400 Hz

HFM Pitch (Ry)

Range: ~ 50 urad
Res.: ~ 50 nrad
Align. Req.: 200 nrad
Stab. Req.: 10 nrad

HFM Roll (Rz)

Range: ~ 1.2 mrad
Res.: ~ 80 nrad
Align. Req.: 10 urad

Piezomike Pitch Modes
<:| Actuator > 600 Hz







Sample Stage Specifications

Parameter

2D mapping acc. (XY)

<10 nm

2D mapping repeat. (XY)

5nm

Mapping velocity

<50 um/s

Main rotation stab. (Ry)

2 prad

Main rotation acc. (Ry)

100 prad

Main rotation repeat. (Ry)

10 prad




Highlights:

Conductive coaxial design;

Closed-circuit pulse tube cooler;

Rotating copper braid for 220° rotation compliance;

Machined flexible copper conductors increasing thermal and
positioning determinism (frictionless solution);

Thermal decoupling and 7 control loops for predictive modeling and
small drifts.

16.1



Hig

SS2,
1 (95K)
FCB
BMS,
(90K)
— RBR
COF,;
GON,; WW—LH—WW—L pTB
(86K) COF PBR (75K)
hlights:
Conductl've goaxml design; ) FCT = Flexible conductor top
Closed-circuit pulse tube cooler; .
. . o . . ) FCT = Flexible conductor bottom
Rotating copper braid for 220° rotation compliance; B . .
. . . . RBR = Rotating braid
Machined flexible copper conductors increasing thermal and B .
positioning determinism (frictionless solution); CIeE = Cold e
’ PBR = Pulse tube braid

Thermal decoupling and 7 control loops for predictive modeling and

small drifts. PTB = Pulse tube cooler 16.2



Highlights:
* Conductive coaxial desigi™®
* Closed-circuit pulse tube cooler
* Rotating copper braid for 220° rotatior

* Machined flexible copper conductors i |
positioning determinism (frictionlesg sa|

* Thermal decoupling and 7 control |

small drifts.

COF

PBR

FCT = Flexible conductor top

(75K)

FCT = Flexible conductor bottom

RBR = Rotating braid
COF = Cold finger

PBR = Pulse tube braid
PTB = Pulse tube cooler

16.3



< CNPEM
Sample Stage Mechatronic Architecture SRE

A Fixed sup.
-1 FLS

: Actuation
@' Metrology

KB
Highlights: :
* In-vacuum goniometer with stepper motor for main rotation;
* Voice-coil actuators and interferometers for high-speed ]
control rate and high bandwidth (100 - 150 Hz); GON = Goniometer SS1 = Sample Support 1
«  Flexure-based parallel kinematics and balance mass as FFR = Force Frame SS2 = Sample Support 2
dynamic filter; MFR = Metrology Frame SS3 = Sample Support 3

«  Metrology in Abbé configuration to minimize errors. BMS = Balance Mass KB = KB Mirror

*Similar mechatronic concept used for the Delta Robot stage for Diamond Light Source 114 (doi: 10.1063/5.0084806)



Sample Stage Motion (Ry)

8x speed




Sample Stage Motion (XYZ)

8x speed
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Air bearing
layer

Middle
granite
(Ty, Rx, Rz)

Bottom
granite
(grouted)

Leveler Reference Papers:
+ doi: 10.18429/JACoW-MEDSI2018-THPH12
* doi: 10.18429/JACoW-MEDSI2020-WEPB13



Miscellaneous: Granite Bench

Top granite
~— (Tx, Ry)

Air bearing
layer

Middle
granite
(Ty, Rx, Rz)

—— Bottom

granite
K (grouted)

Reference Papers:
» doi: 10.18429/JACoW-MEDSI2018-THPH12
* doi: 10.18429/JACoW-MEDSI2020-WEPB13 o
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Miscellaneous: Gripper and Carousel SRE.

Wlth MI PARTNERS
PARTNERS | IN MECHATRONIC INNOVATION





Conclusions IR 7) enrem
* Holistic and systemic design approaches;

* Predictive design framework;

* Cryogenic sample stage functionalities according specs;
* sub-100K sample temperature;
* mMm-range operation;
* single(ish)-nanometer scanning error levels;
* sub-10-second 2D maps.

* Remaining modules under final manufacturing/integration;

* First experiments scheduled to June 2024.
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