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+ We need precise (< + 1%) control of 33 SoA Method:
* Thin film thickness & = o In-line VIS Spectrometry |
* chemical composition 0 E?<amplle: AI2.03 Iaylers O? PET.
* Solid-state phase / crystallity 400 600 800 1000
wavelength [nm] ITO (30...40 nm)
* Surface roughness / morpholo
! U8 / P BY Cu (2...6 nm)
in thin film processing on large area in multi-layer stacks Ag (2 ... 10 nm)
ZTO (50 ... 100 nm)
- We miss fast, efficient and accurate methods to measure ‘ PET

* thickness of ultrathin transparent layers (< 100 nm)

* individual layer thickness in stacks
 ,insitu” access to solid state phase

* access to nano-roughness / density

* inline access to functional properties
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- Question: How can we map/image homogeneity of . ... Vi sa
crystallinity on large areas? (~ 100 cm? ... ~ 10 m?) source: EControl-Glas, GmbH, Plauen www.solliance.eu
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The NanoQI Idea ...

ultra-fast XRD | XRR

' at-line nano-material
quality assessment

industrial atomic
layer deposition

. In-line XRD/ roll-to-roll
calibration XRR/HSI in thin- s VACUUM
data film equipment web coating

accelerated
measurement

thermal curing
and sintering
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at-line, fast 100%
surface inspection

real-time

hyperspectral imaging NANG é|(




Methodology ...

hypercube
FUessNel -  X-ray diffraction analysis g single frame /
etector
* Solid-state phase AN \ //
. _ spectrometer
 Crystal orientation ==l » j |
e X-ray reflectometry -' L

) spatial
* Thickness lens === A‘cap

* Roughness l

* Electron density

" / Image of property
lighting //
e Accelerated XRR example spectrum 4 l
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* Automated + fast * Hyperspectral Imaging

sample evaluation for
guality control

» Spatially resolved optical transmission/ reflection
spectrometry
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* (Calibration of hyper- £ 10° ] * Detect defects, gradients, property drifts
spectral imaging R L — » Large area imaging of functional properties
0,0 0,5 1,0 1,5 2,0
* In-situ superposition 20 [] * Inline integration to thin film processing

of XRD + HSI




Technology Demonstration

(red =53 nm; blue =47 nm)

- 7
At-line verification and in-line imaging ;
Thickness and uniformity in roll-to-roll )
coating of electronic layer stacks 1
-y (cm)
2 1IN [
ITO (30...40 nm) A ®
> Cu (2...6 nm) 1\ o [
[ agtren www.solliance.eu Ag(2...10 nm) i T .
ZTO (50 ... 100 nm) i MELe > -
9 3

Intensity(a.u)
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Real-time in-line measurement

Sintering and quenching of
perovskite layers for highly
efficient solar cells
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Real-time and layer-by-layer assessment

Layer growth and uniformity of ultra-thin ALD
layers and nano-laminates




NanoQIl Consortium and Stakeholders
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NanoQIl — Work Plan
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2z WP1 Reference  Sampling & | Industrial requirements and KPls
o Technical Specifications (TNO)
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s, | |WP2 Real-time XRD/XRR system In-situ prototype and an at-

s [ ~Tine quality control prototype |
§ development (BAXS) Ine quality control prototype

()] A

£

9 ;

» | WP3 Realtime hyper spectral HSI for in-situ and inline
2 g imaging unit (NEO) integration to thin film
T . .

RS processing machines
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. WP4 Modelling & accelerated data evaluation
Algorithmsfor | (FhG-IWS)

WP7 Dissemination, training and exploitation (AMI)

p W W W W
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data analysis ?
m? WP5 Demonstrator machine %

§ o » integration & multimodal combination o

82 of XRD/XRR/HSI (FhG-FEP) &

S $ YV ¢ 8

s 2 ) S

83 ‘ WP6 Industrial S

» Application Validation & c;;

Multimodal superposition Demonstration (NORD)
of XRD/XRR and HSI

WP8 Project management and coordination (FHG-FEP)




Key Results at Project Halftime



WP1: Reference Materials and Specifications

* Deep investigation of reference samples
* Specification Sheets for
* XRD / XRR prototypes
* HSI cameras and optical components

*  Machine interface for inline-tools

* Machine and radiation safety measures

5 as+10°

5.44710° |

M A I aterial Cell input Thickness: |Houghness Dereity T
1 1 ITO [am] dengity 41.8182 7811 B.9E236

2 |1 Jes density 55217 |[1iz565 10.48780
3 1 ZT0 [am) dengity |57 7E25 | E.04555

5 1

-
4

T
600

5x 5 cm? sample

700

N

800

wavelength [nm]

& st
E 5 44+10°
5.44710° |
544510
SM*IE:I T T T T T T T T T T I T | T T T T
0.285 055 0.285 113 1.47E 177 2065 235 2855 255
Zthata
[—=simCurve  — Raw Curve
Nominal (nm) Exp (nm) Rel Diff. (%)
ITO 40 41.8 45
Ag 5 55 10
| ZTO 75 67.8 96
1 |
/"'\;’.‘»:L‘ "\]
: —
900 1000
NANO Ql

NanoQI M18 - Review Meeting - 12 Oct. 2021



WP2: XRD and XRR prototypes...

... for advanced at- and in-line X-ray thin film analysis
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@ Fraunhofer FEP = @ TNO / Solliance
- , | A
In-situ superposition of XRD and HSI fast, ,,daily-use” XRR and XRD In-situ XRD for perovskite solar cell
property imaging on 10 x 10 cm? for at-line quality control processing
delivered /(
\/com leted
\/completed P at place NANOQ'



WP3: Realtime in-line Hyperspectral Imaging

Adapted HSI camera setups
=>» 2 specialized models:

VNIR : A =400 - 1000 nm
SWIR : A =950 — 2500 nm

Prototype lenses for 40° field of view
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HSI next to ALD chamber
in 15 x 15 cm? printed
electronics processing
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HSI in winding chamber in
roll-to-roll vacuum coating
@ 650 mm width

HSI in perovskite layer
guenching chamber
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WP4: Data evaluation and machine interfaces
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WP5 Demonstrator Machine Integration

XRD installation XRD teaching at FEP

* XRD/XRR prototype at FhG-FEP installed and operational
» Safety Clearance received in May 2021
* Teaching of FEP Personnel = for WP6 actions.

* XRD prototype at TNO: Installation ongoing

e HSI prototypes at FHG-IAP and FHG-FEP: Install in Nov. 2021

NORD coFlex parts HSI package
NANO Q
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WP7 — Dissemination and Outreach

* Project website updates & metrics NANO Q|r APPLICATIONS » ABOUT » IMPACT KNOWLEDGE BASE & PUBLICATIONS + NEWS
WWww.nanogi.eu

_ _ Our Applications
e Social media accounts set up,

NanoQl technology will be demonstrated in three relevant industrial application scenarios: in-

Ll n ked I n, TWltte r situ process assessment in manufacturing of perovskite solar cells; large-area vacuum roll-to-
roll coating of polymer webs and industrial atomic layer deposition of dielectric and gas barrier
layers.
 NanoQl @ pro flex 2021

* 5 NanoQl Presentations
with great positive feedback from Industry

e 1 presentation from partner project RealNano

* |n Finalisation: Press Release on NanoQl Mid Term Achievements

—
N
o
~
©
O
N
—
1
o
£
=
@
O
=
=
2
>
()
o
1
foe!
—
=
o
o
c
<
=z

e Outlook: Public Teaching Material (Inline Quality control in Production) planned
based on XRD Teaching @ FHG-FEP

* OQOutlook: Continued Interaction with EMCC // OYSTER CEN-CWA // CHADA platform NANO Q'(


http://www.nanoqi.eu/
https://www.linkedin.com/in/nano-qi-45b0841bb/
https://twitter.com/nano_qi

Thank you for Listening!

Coordinator Contact:
Dr. John Fahlteich, Fraunhofer FEP, Winterbergstrasse 28, 01277 Dresden
Phone: +49 351 2586 136; E-Mail:

in
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