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Peter Burgholzer
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Research Center for Non-
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[é We're looking into it!

Junser Ziel ist es,
auf neuartige und zerstorungsfreie Weise

Erkenntnisse Uber Materialien,
Stoffe und Prozesse zu gewinnen.”
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About RECENDT =) RECENDT

RECENDT - REsearch CEnter for Non-Destructive Testing

= Founded in 2009
= ~40 researchers

= Funded research
(national, H2020, HEU, ITN, ...)

Contract research

” Member of

Science Park @ Johannes Kepler University
Linz, Austria
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RECENDT
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RESEARCH CENTER NON DESTRUCTIVE TESTING
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Upper Austrian Research Johannes Kepler Universitat

UAR JKU

UAR JXU

JOHANMNES KEPLER
UMIVERSITAT LINZ

Upper Austrian Research GmbH

Research Center for

Non Destructive Testing GmbH

RECENDT

RESEARCH CENTER NON DESTRUCTIVE TESTING




RECENDT — Member of UAR

=) RECENDT

RESEARCH CENTER NON DESTRUCTIVE TESTING
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INNOVATION
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/— Members of UAR Innovation Network

I -'] RECEND
RESEARCH CENTER NON DESTRUCTIVE TESTING

: LINZ
CENTER OF
MECHATRONICS

/

I PROFACTOR A ==SAL
.E.f. 5L§£;H === SILICON AUSTRIA LABS
scch {
Sompatence wooD
center Py
\ }hogenberg
ﬁ Partners of UAR Innovation Network
/ ?{E R cCentA
+ . HYDROGEMN CENTER AUSTRIA
Battery/ Life FFoQSI
m |
m AIT&ESTEEIM‘OL%%TY””TE
\ metallurgical competence center TOMORROW TODAY

~




Wir erforschen neue akustische und optische Sensoren =) RECENDT

RESEARCH CENTER NON DESTRUCTIVE TESTING

50000cm? 12820cm?  4000cm? 400cmt
Réntgenst:hlung | uv | Vis (naﬁtl::.IR) | {mittle:\:ﬁnfrarot) | FIR/TItMikroweIIen
200nm  380nm  780nm  2500nm 25000nm o ".»;y“\.
4 Infrarot Licht kann unter z ’ m)
die Oberflache sehen 7 4
(OCT und THz) [1]
VICTOli PHILIPPI
MIT RONTGENBLICK Akustische Wellen werden
UND LASER-AUGE durch Laser angeregt und
berihrungslos detektiert
JETZT IM ESOTERIK-SUPERMARKT

(Laser-Ultraschall, PA)
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Von der Sensorik zur Informationsgewinnung =) RECENDT
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Signalverarbeitung
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Prozessintegrierte Qualitatssteuerung [& RECENDT

RESEARCH CENTER NON DESTRUCTIVE TESTING

Multiplexer
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Probenschnitt
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- - \/
Strategic Research — Cooperation Partners =) RECENDT
RESEARCH CENTER NON DESTRUCTIVE TESTING
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Industrial Cooperation Partners =) RECENDT

RESEARCH CENTER NON DESTRUCTIVE TESTING

AC .
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e Innovative by nature TH PPER REFERENC
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THERMAL ANALYSIS

QOP\IO AUSTRIA METALL

all around you
/f
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@ Constantia KRAIBURG
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patheon

by Thermo Fisher Scientific
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Due to existing non-disclosure agreements not all of our partners are displayed on this page!
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Research Topics [ RECENDT

Laser Ultrasonics (LUS)

Complementary methods

Area Acoustics

Infrared- and Raman Spectroscopy (IR)

Terahertz Technology (THz)

Optical Coherence Tomography (OCT)

Area Optics

Quantum Sensing (QS)
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Laser-generated wave fields

[‘é RECEND

T

RESEARCH CENTER NON DESTRUCTIVE TESTING

Response of the continuum
(photoacoustic, c=1):

> thermal expansion
> generation of elastic waves

Process of laser-heating (“photothermal”):

» Absorption of light ‘
» Heating and thermal diffusion

T(x,y,z,t) p(x,y.zt)

0 0
%10 %10
- -
=8-20 ‘3-20
Q A
N 30 N 30

0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
x-coordinate x-coordinate
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LUS — Group: Project Examples

=) RECENDT

RESEARCH CENTER NON DESTRUCTIVE TESTING

Analysis of a spot weld

x[mm]

Intensity Graph 4

Test at project partner.

\ T
8 9

*[mm]

1‘0 ‘II! 1'2 1'3 1‘4 1'5

| o e et P v s e e
80 70 60 50 40 30 20 10 0
depth [a.u]

LUS C-scan of joining plane and corresponding slices (B-scans)
show complete weld through.
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LUS — Group: Project Examples

=) RECENDT

RESEARCH CENTER NON DESTRUCTIVE TESTING

Monitoring of phase changes and grain size evolution during thermal cycles
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mean grain size [pm]

6 mm
Sample
6 mm
10 mm
Monitoring of Austenite grain growth
120 T T
{‘l«)
100 - T I Tk LA
‘P T = 1220°C
80+ B
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*a X 12.6pm

60 P ‘-;, . X 24 4um
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401 .“x' - X 55um B
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Snann T = 8300(: * In-situ LUS
D | | | | 1 1 | I I
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Time [s]

Black dots: Determination of grain size by calibrated LUS-
model on one sample.

Colored x: metallographic determination on a series of
quenched samples.




Research Groups in Area Optics =) RECENDT

Infrared- and Raman Spectroscopy (IR)

Technology for in-line process control and quality assurance,
e.g., analysis of chemical compositions

Terahertz Technology (THz)

Technology for non-destructive material characterization
(imaging and spectroscopy) of non-conductive materials

Optical Coherence Tomography (OCT)

Technology for non-destructive characterization of the
internal structures of plastics, ceramics,...

Quantum Sensing (QS)

Emerging technology:
Quantum optical interferometry for spectroscopy, imaging, and OCT
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Optics Area at a glance =) RECENDT

RESEARCH CENTER NON DESTRUCTIVE TESTING

/ Material characterization \ /Industrial Process Monitoring\

Chemical characterization Physical characterization Development of inline sensors
Classification :

Layer thickness measurements

s . ,Original"

. JImitation"

Identlflcatlon & Quantification

Protein content in yeast dough

Varhereagn ve Wahs | Eiweit 14 | Kmaralidinrsess

NIR based OCT based

Custom solutions for QA lab

14 o ————— — ————

-1 SPILL ).
40-—0--.-‘- ; b p

welded seam
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o %‘l‘a"\ Ve
Chemlcal |mag|ng a\m

20 40 60 80 IOO 120 140 160
sssss

MIR spectroscopy based
incoming goods inspection

Wanrschel
Zugehdrigkeit zur Klasse

Technologies: IR/Raman & THz Spectroscopy Technologies: OCT & THz imaging
Measurement devices: Measurement devices:
+  Commercial FTIR Spectrometer & microscope «  Commercial OCT devices (1300 nm)
«  Homebuilt MIR Laser based spectrometer «  Homebuilt OCT setups (800 nm, OCT based layer thickness
«  Commercial THz TDS Spectrometer system 1500 nm with PS, 2000 nm und 4200 nm) measurement device
\ Homebuilt reflection/transmission imaging system «  Homebuilt THz imaging und PS system / K /
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THz — Terahertz Technology =) RECENDT

RESEARCH CENTER NON DESTRUCTIVE TESTING

Allows a deeper look into materials and to identify them

Advantages:

= Contactless and non-destructive

= High penetration depths for many dielectric materials

= Non-ionizing radiation

= Chemical ,fingerprints"

- Layer thickness, 2D-Imaging, 3D-Computed Tomography and Spectroscopy

Materials:
= Plastics, glass fiber-composites, ceramics, semiconductors, ...
= Pharmaceuticals, explosives,...

Wavelength & Resolution:
= 300 um ..3 mm (1 THz...10 THz)
= Mm to sub-mm range

Accuracy:
= <100 um

Contact person:
= Dr. Sandrine van Frank (Dr. Bettina Heise)
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Jupiter durch ein 250-mm -Teleskop in IR, Rot und Blau [ RECENDT

The optical resolution and the wavelength

@ CHRISTOPHE PELLIER
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Submikrometer Ortsauflosung fiir MIR =) RECERNDT

Wavelength independent Wavelength dependent

ATR FTIR

s ~Sum ~10um

Tum

Spatial resolution

O-PTIR system (Photothermal Spectroscopy Corp.)

= QCLs, several 100 kHz rep. rates for excitation

= Lock-in technology (frequency domain): amplitude is used, phase for future work
= Same detection scheme also used in PARS (with UV excitation)
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Akustische, Thermografische und Atomsonden-Bildgebung

=) RECENDT

RESEARCH CENTER NON DESTRUCTIVE TESTING

Thermografische
Bildgebung

... mehr als
1 Million
Detektor

o
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A Elemente,
gberuhrungslos

Akustische Bildgebung

~100 — 1000

hohe
Auflosung

Detektorelemente,

Determines x, vy

tpulse

APT kann die % |
Element
Konzentration
mit nm
Auflosung in
3D bestimmen

Atomsonden- Tomographie

Atom Probe Tomography
2D Detector

coordinates
of atom on
specimen

tlpulse) is a
laser or voltage

pulse acting
surface on the tip of
the specimen
i that triggers
De|t_|elg?ion field
"
Efficiency evaporation

of ions

tlevent) is

the time the

|y ion reaches
{ the detector,

Yacuum @ 10°8 m(‘CAMECA

MICROSCOPY
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VWC: lokale Transformation zwischen gemessener [ﬁ SECENDT
Temperatur und virtuellem Wellensignal (2D-Simulation)

(o) Oberflache y
Tvirt (1‘, t) : =;S;Z T(r: t) = J Tvirt (T, t,)K(t» t,)dt’ ’
, . cC c2t'? o
WlthK(t,t):mexp ~ I fort>0 2 |
Diskretisiert, um eine Matrixgleichung zu erzeugen:
T =KTp g
v
Truncated Singular Value Decomposition (SVD)-Methode: Rekonstruiertes Tyire ¥, 0, )

Signal T,..als Schatzung fur T,;.. vom thermografische Signal T:

Zeit t

K = USVimit unitaren Matrizen Uund V

In der Matrix S*werden fir alle singularen Werte in S ihre Kehrwerte
genommen oder Null fur alle singularen Werte, die kleiner sind als 1/SNR:
T,..= K*T mit der Pseudoinversen K*: = VS*TU*

Torecy, 2)

Tiefe z

Oder Minimierung ||[K Ty — T ||5+A||T||; mit DR oder ADMM v
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PicoTR (421nm Mo) [) RECENDT

RESEARCH CENTER NON DESTRUCTIVE TESTING

More sophisticated in terms of unequal sampletimes! Resolution: 1 PS

As usual in the field of TDTR, the phase’ was used for Observation time: 50 ns
these investigations.

Modulator Pump Laser

™ T

Examined scenarios: Ptz

« RF (Transmission) S
« Downsampling t, = 1e-10 s (use whole data) Ry
« t, = le-12 s (only first 2000 frames are used)  rumroe &n)

* FF (Reflection)
« Downsampling t, = 1e-10 s (use whole data)
« Downsamlping t, = 1e-11 s (first 2800 frames)
« t. = 1e-12 s (only first 2000 frames are used)

Pump Laser (FF)
1550 nm, 0.5 ps

Lock-in amp.

Differential
photo detector

1 Materials Center Leoben GmbH
2P. Jiang, X. Qian, R. Yang, Journal of Applied Physics (2018) doi:10.1063/1.5046944
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PicoTR (421nm Mo) t. = 1e-12 S Results RF R

Measurement data (1:2000 frames) L. = 4.66e-Tm A, =97.69 W/mK
- 15 | .~ [= = =Tun@z = L] .
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1|| I*’|’\‘ “| "le”.'u"ﬂ | M Junﬂw" urh | /N

10 ;o AN
3 e ! | \"‘
g z 5f I :; I
27 - [ | / Huh
by / S—~

1 0 |-| | I -

¥ ! :

; U

s/ - dx = 9.7209e-9m -

Tooes s oo T 2 0 02 04 06 08 1 1.2

10 zZ =0t pm) 106
23
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Dispersion von Quanten-Wellenpaketen (1D) [ RECENDT

wjvirt(zl t)lz
(2 O Schrodinger _Gleich‘f,mg_fiir ein
’ geladenes Teilchen in einem =
Wahrscheinlichkgjts- elektrischen Feld "\
dichte
Y = KQ Yyirt
N
~ N
Y(z, 01

P. Burgholzer, L. Gahleitner and G.
Mayr, “Linking diffusive fields to
virtual waves as their propagative
duals,” Phys. Rev. Applied 24, pp.
044094-1-8 (2025)

resolution [nanometer]

© RECENDT, distance [mm]




We are RECENDT GmbH =) RECENDT
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Danke fur Ihre Aufmerksamkei
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