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Outline

e Overview of beam monitors at SLS

— Advantages and drawbacks

State-of-art on solid state monitors for hard Xray

— SiC vs. Diamond

Wafer scale processing of SiC XBPM
— SiC XBPMs produced on 4 inch. wafers

Current Installations
— microSAX: After mono, beam stopper and |,
® — PXI: Pinkbeam

* Future installations

— hano-imaging

Extension towards soft-, pink- and white-beams

Conclusions and outlook
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Overview XBPM

---- Several locations for beam alignment/focusing ----

beamline

1 Undulmto

< 4

i Requirementsiorin-lineX=ray;beammonitors

| |
|nanofocus | | |
beamstopper

|dosimeter=| |standard XBPM |

Samplao Mirror Monochrommtor

1. Transparency (<2%)
2. Stability over time, i.e. radiation hardness
3. Uniformity (transmittance and photocurrent)

4. Fast response (us)
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5. Easy of fabrication/ Easy of usage / low footprint / vacuum compatibility
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Solid state XBPMs
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Solid state XBPMs
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Solid state XBPMs
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Solid state XBPMs

<2% abs.
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Solid state XBPMs

<2% abs.
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Solid state XBPMs

Polycrystalline Diamond
Silicon DECTRIS, RIGI Limited in quality
SYDOR Poor time response

Single crystal diamond
gle Y CIVIDEC Limited in thickness

- - SYDOR Limited in size
-~ p+SIC .
= up to 4-8 inch
. PSI, only! down to 1um (0.1)
multiple level mems.

mw@r.
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Solid state XBPMs

Comparison with polycrystalline diamond
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* SiC XBPM clearly superior to "RIGI" polycrystalline XBPM.
* RIGI now out of the market (No other polycrystalline XBPM vendors )
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*Nida S. et al “Silicon carbide X-ray beam position monitors for synchrotron applications”: J. Synchrotron Rad. 2019. 26, 28-35
https://doi.org/10.1107/51600577518014248
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Solid state XBPMs

Comparison with single crystalline diamond

single crystal Diamond SiC XBPM

8 order linearity 4 order magnitude linearity*
b ~ns response ~Hs response*
20 pm min. thickness 2 pm min. thickness
7 mm? Active Area 36 mm? (72 mm?) Active Area (x5)

* limited by measurement setup

** considering different att. length
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Wafer scale processing

* 50 devices per wafer
» Wafer processing lasts 2 weeks
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Wafer scale processing of SiC
Stability

* Fully automated UV (325nm) LED based screening system

1 2 { & v\ B -
10 L 0a L i
: variation of <10% X4
c on 8 10um SiC XBPM | ¥ X5
Q 6 —o— X6
= / X7
O —»— X8
—e— X26

% 0 Beam intensity normalized to 1E9ph/s
Ei 5 10 15 20 25

2 ‘ Voltage (V)

05 Operation at OV
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Current installations at microXAS

4Blade XBPM
XBPM
—/ N
XBPM \7 VAY
XB.?M XBPM XBPM , \ /‘
XBPM _ 2 { ‘ /| -
\ ‘ ‘
®lrgg ) F
XBPM \
{ \ e S o \ o \\ e R
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%
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* Currently installed @ microXAS: 3 XBPMs (after mono, 10, and beam-stopper)
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Current installations at microXAS

4Blade XBP
XBPM
—/ N
XBPM AV AN A N y
XBPM XBPM WAV

* Currently installed @ microXAS: 3 XBPMs (after mono, 10, and beam-stopper)
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Current installations at microXAS

4Blade XBP
XBPM
—/ N
XBPM AV AN A N y
XBPM XBPM WAV

Currently installed @ microXAS: 3 XBPMs (after mono, 10, and beam-stopper)
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Current installations at microXAS

4Blade XBPM
XBPM
= N7
XBPM

XBPM \I“‘,\/

XBPM XBPM 7\ )
\ /‘ “ |
-

@ \
XBPM

>

XBPM | new |

4

-

e
2>
R &
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Currently installed @ microXAS: 3 XBPMs (after mono, 10, and beam-stopper)

Page 17



PAUL SCHERRER INSTITUT

Current installations at microXAS
~-first implemented SiC XBPM

Uptions
1000 - —BPM1 Pos X [19/09/02_12:10:52] [ [Rescale
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Current installations at microXAS
~-first implemented SiC XBPM

Improvement based on
rudimentary feedback system

T using SIC XPBM
€ <
= n
i w
Ll 1000 = e NOfeedback .%o o
|: — o r-feedback ° %%
—} m ° °
= < e ©°
3 5 1000 R
7z i
g ° < Oy e Eeln‘t.lu.lnmhlllty!._
G g 01 i “.:"Onn.'..... Seven, -‘oillm
Z -1000 [ )
= Z -1000 -
zZ (@)
O T T T T T o- T T T
o -100 -50 0 50 100 17.2 17.5 17.8
XBPM READING [um] ENERGY [keV]

*sigma: <400nm
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Current installations at microXAS
-Beam stopper diode (no transmittance mode)

Normalized Absorption

7110 7120 7130 7140 7150
Energy (eV)

micro-focusing
Mirrors |

i / ® 5
® Spot-size yr

: >1%1 pm?

2D raster scan and
3D scanning tomography
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Current installations at microXAS
-Beam stopper diode (no transmittance mode)

Normalized Absorption

7110 7120 7130 7140 7150
Energy (eV)

micro-focusing
Mirrors |

Absorption — SiC Diode on the beamstopper

» Absorption Contrast Imaging

» X-Ray Absorption Spectroscopy

Collaboration of microXAS team with Massimo Camarda,
Laboratory for Micro- and Nanotechnology, PSI

» 3D Mechatronic Integrated Device

Courtesy: Dario Sanchez
Page 21
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Current installations at PXI (pinkbeam)

NN Shutter

Pinkbeam 80um C window

S 800W (36W) .
Q <1% at 12.4keV Whitebeams
g devics nstled 3 P 2kW (5.2mm gap)
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Current installations at PXI (pinkbeam)

2 1ea o e oo Y o
i ! | i i i 34025
prlil MBS AR RN E RN N R SRR pEsns C ]
‘ ‘ ‘ : 14020
23.115 K i
2 il ) ! 1 BEHEER I d 4] L
FERARRERERERE AR 4015
e AEREER EAREREEE N a8 LR £
3 8 1 1 G
£ 23105 1 H L =
(.)I 1 Sl N s i A1 OI
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° 1% 11104111 S
o RN EE R E 3 bW HEERUEEEERY 3
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e B ¥ E 3005
th
v 23.085 I ] 399.0
0 500 1000 1500 2000 2500 3000 3500 4000 4500

Seconds (s)
* 2 um XBPM was installed 1 month ago at PXI pinkbeam (after diamond
window).
* The measured current is several order of magnitude lower than the
expected one.

22/
o
~
4
@

International Beam Instrumentation Conference

Page 23



PAUL SCHERRER INSTITUT

Future installations: Near sample monitoring
-3 compact XBPM for nano-imaging

vertical and horizontal
kinoform lenses

T/

tation Conference

Beam size 100%200 nm?
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Future installations: Near sample monitoring
-3 compact XBPM for nano-imaging

1]
®

tation Conference

Installation expected
Dec. — Nov. this year
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Future extensions: soft/pink/white x-ray beams

Limitation of thin membranes as XBPM:
1) high abs. for soft x-ray

2) thermal issues for white beams

1.0
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£0.5-
i g
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0 5000 10000 15000 20000 2500
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Future extensions:
white x-ray beams

Xray beam
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Future extensions:
white x-ray beams

Xray beam ﬁab&
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Future extensions:
white x-ray beams

250% abs.

Xray beam

1
®

>50% abs.
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PAUL SCHERRER INSTITUT Future eXtenSiOnS:
Why better than blades
Why valuable "functionalized" pin-holes

semiconductor based

PSSl M
internal photoemission ® sic XBP%I v
©) Q) _—

i\ il

=E S

/ \ SiC XBPM 2
Bias Y /

g c D Bias

o (@)
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PAUL SCHERRER INSTITUT Future eXtenSiOnS:
Why better than blades
Why valuable "functionalized" pin-holes

semiconductor based
internal photoemission » Sics(BP%l v

= ﬁg

/ \ SiC XBPM 2
Bias "

[ B c D  Bias

array of 4 devices

1. -- full membrane, -- "high res."
2. --"small pin-hole": 2.0x1.0mm?
3. --"blade opening": 3.4x2.2mm?
4. --"large pin-hole": 6.0x4.0mm?
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Conclusions and outlook

Conclusions:

4H-SiC XBPM: transparency, linearity, signal strength.

They can be operated at OV.

2 pum 4H-SiC XBPM devices were installed at microSAX (after monochromator) and

PXI (pinkbeam) beamlines at PSI.

PXI (pinkbeam): current several orders of magnitude lower than expected.

microsSAX (after monochromotar): 20X improvement on beam stability over energy
scans

Future work:

* Installation of Compact XBPMs for nano-imaging

* Blade monitors (whitebeam)

* 0.1 um thin XBPM for soft X-rays

International Beam Instrumentation Conference
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