P INCOATEC

innovative coating technologies

Erzeugung hochbrillanter
Rdntgenstrahlung im Labor:
Status und Zukunft

JOrg Wiesmann — Geschéaftsfuhrer und Mitgrinder der Incoatec GmbH




n Ovatlve CO at| N g TeC h no I o) g |eS innovative coating technologies

m joint venture mit der Bruker AXS, gegriindet 2002 als spin-off aus GKSS
m Produktion & Entwicklung von Rontgenoptiken und Mikrofokusquellen
m fur Laborgerate und Synchrotrons wie z.B. DESY
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Ein paar Fakten ) INCOATEC

innovative coating technologies

Umsatz: > 7 Mio. €

Personal:
50 Personen: 7 Physiker (u.a. GF), 2 Chemiker, 13 Ingenieure (v.a. FH), 31T, 16
Techn. Pers., 6 Verwaltung (u.a. BWL, Bio), 3 Aushilfen ,,400 EUR*, Praktikanten...

@ Alter: 42 (9/14/12/13/2),  39m / 11w

Geschaftsausstattung:

Alles fur Produktion und F&E, wichtige Maschinen mind. gedoppelt
Auf > 4000 m?

Vorhanden: F&E, Applikationslabor, Special Engineering

Ausgaben fur Entwicklung > 10 % vom Umsatz
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Anwendungen ) INCOATEC

innovative coating technologies

X-ray Fluoreszenz
Spektrometrie

Synchrotron /

Beamlines
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Kunden: grof3e Diversifizierung ) INCOATEC

innovative coating technologies

Cement Plants Nanotechnology Pharmaceuticals
-
| P
) ! R

Semiconductor Industry

I‘“ & s I-I_-I}-'Eil'..-..'

Mining & Minerals
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noptik ) INCOATEC

innovative coating technologies

m-4=2-d sin®

— 402
Schichtdicken Geformte Oberflachen (2D und 3D)
Einzellagen 1..10 nm Sehr prazise Parabeln, Ellipsen...

Gesamtdicken: 0.4 — 1 ym
Schichtdickenverlaufe

bis +- 0.1% am Ideal
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2-dim beam shaping: Montel Optics ) INCOATEC

innovative coating technologies

6-15cm
for Cu, Mo, Ag, Cr, Co, ...

e ——— .
for 2-dim foc, 2-dim coll, source sample

foc+coll (hybrid)

7/34 NINa Treffen Nov 2014 im GITZ



Montel Optiken ) INCOATEC

innovative coating technologies

— simulation
— measurement
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Optisches Design fur ) INCOATEC

RO ntg en d |ffrakt0 m etrle innovative coating technologies

Effektive QuellgroRe und Sichtbereich der Optik

Multilayer
———\
/
AQD «
Quelle \:/
\ Sichtbereich = Braggpeak Breite

fur W/C Multilayer:

100 mm * 1 mrad = 100 um FWHM = 1 mrad for Cu K,

(1 mrad = 0.057 deg)
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Von der Optik zur Mikrofokusrohre ) INCOATEC

innovative coating technologies
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Von der Optik zur Mikrofokusrohre ) INCOATEC

innovative coating technologies
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luS: Incoatecs Top-Produktlinie ) INCOATEC

innovative coating technologies

Incoatec Microfocus Source IuS

 Mikrofokus Quelle
fur Cu, Mo, Ag, Co, Cr

e <50 um Spot

« 30W, luftgekihlt

« 3 Jahre Garantie

e >500x verkauft
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luS: Incoatecs Top-Produktlinie ) INCOATEC

innovative coating technologies

Integriertes Produkt

* Optik: Beschichtung und Formung

* Gehause: Mechanik und Motorisierung

» Rohre: Zulieferer, Design, Elektronik&Mechanik

* Produkt: Vertrieb, Marketing, OEM, Kunden, \,F

Zuverlassigkeit, Garantie, Service & Installation
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Der Markt- und Technologiefiihrer: 1uS @ INCOATEC

innovative coating technologies

Rohre:

definiert

- Wellenlange
- Brillianz

- Anodenspot

Brilliance

Optik:

definiert

- Divergenz

- FokusgrolRe

- Fokusabstand

Rdéhre + Optik:
definiert Fluss & Flussdichte
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IuS in aller Welt: mehr als 500 in 41 Landern 4 INCOATEC

innovative coating technologie

Asien/
Australien 26

Afrika 2 EUEpE 48

Amerika 27

Anwendung: 78% SCXRD 22% XRD
Wellenlange: 67% Cu, 28% Mo, 3.5% Ag, 1% Cr, 0.5% Co
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Ubersicht: typische Laborrontgenquellen ) INCOATEC

innovative coating technologies

Conventional “Traditional”
Sealed Tube Rotating Anode

Power (W) 1200 30 - 50 4000 - 6000 2000 - 3000

Typical
anode size 0.4x 8 0.3x3
(mm?)
FeElr sty 375 > 5400 5500 > 15000

(W/mm?)
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guellen: ) INCOATEC

Warm eabfu h ru n g innovative coating technologies

Power loading in all solid-target X-ray sources is limited by heat dissipation

b S 7

|
e

“conventional sealed tube micro-focus sealed tube rotating anode

m Large spot m Small spot m Large or small spot
m Quasi-one dimensional = Two dimensional heat m Heat spread by rotation
heat flow limits power flow (more efficient
loading cooling)
Relative brightness: 1 Relative brightness: Relative brightness:
> 10 times > 100 times
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Neue Instrumente fur Kristallographie: ) INCOATEC
luftgekthlt mit einer oder zwei IuS ’

innovative coating technologies

Bruker AXS D8 Quest & Venture
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Anwendungen der IuS ) INCOATEC

innovative coating technologies
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e Falle b ncoarec

Cc bietet an, installiert und leistet ServiCe imovaive coating technotogies

Huber, replacement of old sealed tube Upgrade with 2nd source for a STOE/Dectris
(Durham, UK) System (Vienna, Austria)
{ .

RAXIS IV

APEX II

Rigaku R-AXIS IV (Boulder, USA
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Measurement of a Manuscript P INCOATEC

innovative coating technologies

Simultaneous XRD and XRF measurements

Position sensitive measurements using focusing Mo-IuS
m Resolution 150 ym

K. Janssens, Antwerpen
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anuscript P INCOATEC

innovative coating technologies
ments

BrownGold (azurite on backside)

Green Black

DarkBlue DarkGreen
Brown

White Brown 2
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Gold | Red/ Redwnhite

K. Janssens, Antwerpen
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Results P INCOATEC

innovative coating technologies
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m Mo-1uS: 50 kV, 600 pA, 30 sec exposure time
m Scanning Micro diffraction (combined with XRF):

4 x 4.5 mm?, resolution 150 um, Total measurement time: 18 h
m Measurements and data evaluation by Frederick Vanmeert

K. Janssens, Antwerpen
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GISAXS measurements P INCOATEC

innovative coating technologies

Special setup with IuS:
» Characterization of liquid surfaces
= Time resolved measurement of compressed surface

Surface pressure (mN/m)

P. Siffalovic, Slovak Academy of Science, Bratislava

Langmuir film arca (ch/pL)
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ring Specials: m

innovative coating technologies

Engineering special adaptation of IuS Cu HB to ion beam deposition UHV chamber:

Pilatus 200k, Pl Hexapod + full safety concept (Bratislava, Slovakia)
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nchrotron Shutdown? IuS takes care! @# INCOATEC

innovative coating technologies

Engineering Special: Adaptation for high resolution XRR / XRD / (GI)SAXS plus KOHZU
diffractometer, DECTRIS Eiger 1M (HRXRD Beamline P08, PETRA lll, DESY, Hamburg)
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reflectivity [photons/second|]

eering specials:
of Multilayer Lipid Membrane Stacks

D INCOATEC |

innovative coating technologies

High resolution tructure analysis liquid crystalline DOPC
multilayer lipid membrane stack on silicon support (99% RH, RT)

Left bottom: Reflectivity scan with Incoatec IuS Mo 30W with
parralel beam optics (q,<0.6 A': 3 sec/step, q,>0.6 A': 10 sec/step)

Right bottom: Reconstructed electron density profile (fourier synthesis)
comparable to previously achieved synchrotron results!

T T T T T T3 1.5

- [uS (30 Watt, Mo tube, pardllel optics)
-2-107 phs/sec in primary beam

Synchrotron quality but:

_—
T

- 45 minutes overall scanning time

NO beam damage!
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NEU: IuS Upgrade Flyer

P INCOATEC

innovative coating technologies

) INCOATEC

IuS upgrades

28

) INCOATEC

innovetive cooting technolegies

Upgrading X-Ray Diffractometers
with a Unique Microfocus Source

Old systems shining in new bright light ...

d beam conc
yrade for XRE

ind Cr radiation (others or

Your benefits:

. and everything becomes possible!

innovetive cooting technolegies

y | iiecs

'l:‘»-—‘g’ 1._] :r-l.-f:.l;-..-...-lr‘-\..-..:,..-u..;s...l'i-.-_. .'.|.:-’w| :

IuS upgrades

Upgrades on Bruker AXS systems  Upgrades on other systems

Is your diffractometer ready to
shine brightly again?

Contact and challenge us!
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Icrofocus X-ray Sources? — Power Load m

innovative coating technologies

Power Load is Limited by Heat Dissipation in All Solid Anode Sources

eXcillum Interaction
point

\

E-beam

Metal jet

L
e ——~ o

" conventional sealed tube

m Large Spot m Small Spot m Very small Spot
m Quasi-1D heat flow limits m 2D heat flow allows more m High speed jet of liquid
power density efficient cooling metal alloy
m ~0.5 kW/mm? m ~5 kW/mm?2 m > 100 kW/mm?
Relative B: 1 Relative B: > 10 Relative B: > 100

M. Otendal et al., Rev. Sci. Instrum. (2008), 79, 016102.



Excillum‘s Liquid-Metal-Jet X-Ray Source

P INCOATEC

innovative coating technologies

Electrons generated by flat LaB, cathode
(70 kV, 2.8 mA)

Focusing through electro-magnetic lenses
High-speed liquid-metal-jet anode
Self-healing, self-cooling

No longer limited by melting

Power load > 100 kW/mm? at max. 200 W

Typical spot sizes for diffraction:
(60..80) x 20 pm?

30

liquid metal
anode

, v, A
EL"“\““ = % X-rays

e)cillum
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ur Metaljet ) INCOATEC

innovative coating technologies

- Beschichtung ahnlich wie fur konventionelle R6hren, aber enge Toleranzen

- vorgeformte Siliziumsubstrate: Qualitdt muss passen zur Quellbrillianz
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Ausblick ) INCOATEC

innovative coating technologies

- Beschichtung von Multilayern: nahezu perfekt

- Qualitat wird immer gtinstiger

- Optiken werden an Quellen angepasst

- Quellen k6nnen optimiert werden

- Anwendung wird besser berlicksichtigt = kundenspezifische Losungen
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0 /ncoarec

innovative coating technologies gmbh

Incoatec

Your partner for X-ray optics and microfocus sources!
Continuous innovation is our goal!
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