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The challenge

A We need precise(< N 1%) control of

;
;
;
;

Thin film thickness
chemicalcomposition
Solid-state phase/ crystallinity
Surfaceroughness/ morphology

in thin film processingon large areain multilayer stacks

A We miss fast, efficient and accurate methods to measure

i

c. .

thicknessof ultrathin transparentlayers( f
individual layer propertiesin multilayers

b i-;ni tacc&do solid state phase
accesdo nano-roughness/ density

inline acces4o functional properties

ro) 0

Question :

How canwe map/image

the (in)homogeneity of
relevantthin film
propertieson large areas

(up to 100m?) at high speed?
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NanoQIl concept

: : o A fast large area surface inspection
high-speedat-line / in-line

technische universitat i i
XRR / XRD dotmoe A nano material quality control
o A real-time process feedback
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NanoQIl methods

hypercube
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A Large area imaging of functional properties
A High-speed & high accuracy semautomated sample evaluation A Inline integration to thin film processing
for quality control & HSI model training (calibration)
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Data evaluation options for HSI data

Hard modeling

Physical description of received
data set

A Could be slow

A No external ground truth Lambert-B e e taw s

E = &c*d
needed :
Soft modeling
Pattern recognition b y means \
of un -/supervised data \ e
evaluation algorithms

A Could be fast

A Prediction model must be chemometrics
trained (i. e. PCA, LDA, SIMCA)
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graphical pattern recognition
(i. e. wavelet analysis)

multivariate correlation
algorithms ( i. e. PLS)
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HSI example: Thickness gradient modelling of AIN on Si wafer

600 700 800 300
Wavelength / nm

HSIreflection bimage B optical reflection spectra
@ 600nm at selected pixels:
interference pattern
z-axis = intensity (raw data) -> thickness information
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HSI example: Thickness gradient modelling of AIN on Si wafer

. data analysis
Vector normalization _'
wo o e Principle Component Analysis '
ol v b b b AN
Wavelength 5005 nm ML model training & verification
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HSlIreflection bimage B optical reflection spectra 2200 2250 2300 2350
. ] thickness measured [nm]
@ 600nm at selected pixels:
interference pattern
z-axis = intensity (raw data) -> thickness information
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HSI example: Thickness gradient modelling of AIN on Si wafer

. ., data analysis

Vector normalization
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Principle Component Analysis R g
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2360 —fittraining
fit test
—2340 e training data
g * test data
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Result

A thickness map of complete wafer with sub-mm spatial resolution

A HSImodel can now be used for any unknown AIN/Si sample (without external data)

\

8 NANO {QI r This_project_has received funding from the European Union's Horizon 2020 research % Fraunhofer
i and innovation programme under grant agreement No 862055. FEP




