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In-Line Interferometry for R2R Production

ARINNA — AReal INterferometer for NAnoscale Surfaces:

Nanometer accuracy

High speed measurement (~1s)
Stepped structures

Designed for in-line capability

Application challenge: In-line measurement of OPV scribes.

Real-time data to R2R laser scribe process
Low reflectivity OPV

ARINNA interferometer




In-Line Interferometry for R2R Production

ARINNA — AReal INterferometer for NAnoscale Surfaces:

Step 1 — OPV measurement

Demonstrate ability to measure on static samples

Step 2 - R2R measurement

Web stabilisation (x-, y-, z-)

ARINNA interferometer




IB>...  Stationary laser scribe measurement OPV

1 WSI

2 Leaf springs

3 Stepper motor
4 Air bearing

6 Linear guide
7 Air table
8 Actuated rollers
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s LASEr SCribe measurement OPV

PET/ITO with laser scribes

Width = 25.6 um
Mean depth = 94.3 nm

T
20 40 (=] 5D (1] 120
Parameters Sep 1 Unit
Width 25,
Meximum height 102
Mean height 94

pm



IBS

Precision Engineering

P1 scribe

Laser scribe measurements at different stages

Electron transport layer (ETL)
Transparent electrode (ITO)
Substrate layer (PET)

20kv  X1,000- 10pm 0903 1145 SEl
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P2 scribe

Laser scribe measurements at different stages

Hole transport layer (HTL)
Activation layer (ACL)
Electron transport layer (ETL)
Transparent electrode (ITO)
Substrate layer (PET)

© 20kVv  X2,000 10pm 0881 1145SEl
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P3 scribe

Laser scribe measurements at different stages

Interconnection layer (Ag)
Hole transport layer (HTL)
Activation layer (ACL)
Electron transport layer (ETL)
Transparent electrode (ITO)
Substrate layer (PET)
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Scribe width and depth versus laser power

P1A, PET/IMI

Scribe width (mm)
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For laser power > 24 %, depth constant
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IB : :
S In-line scribe measurement

N o Mechancial tracking
Challenges for in-line characterisation of OPV

scribes with depths from 1um to 100nm: 5;

Vertical web stability (~1um) '

Moving web (up to 5m/min) /. / .\
Limited integration space

Buffering
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In-line scribe measurement

Challenges for in-line characterisation of OPV
scribes with depths from 1um to 100nm:

Vertical web stability (~1pm)
Moving web (up to 5m/min)
Limited integration space

Buffering option chosen:
Avoids head acceleration
Speeds up to S5m/min possible in given space
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~mwes INtEQrated dancer :

Dancer solution developed to buffer foils up to 10m/min:

y-stage for head positioning across the web

z-stage autofocusing

2 off air rollers provide dance ARINNA

y-stage

front air roller
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-,'. In-line scribe measurement

« Width =29.4 pm
* Mean depth = 93.7 nm, maximum depth 114 nm
+ Web travel 336 um during measurement
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B>.... Improved dancer

To improve dancer performance:

Marker detection triggers dancer

<1 um web z-stabilization by means of vacuum/air table
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.................... Improved dancer - marker detection
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Integrated dancer system
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First successful height maps with dancer

Stationary web
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Mean depth 97.82 nm
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IBS
Integrated Dancer

The system, including dancer, has been integrated at the Centre for

Nanotechnology, AuTH, Greece.
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PET/IMI

Pilot line measurement with dancer 1m/min
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BS .. Improved dancer - encoder

Encoder positioned at the first roller in the dancer system
Object tracking software enables tracking of web (scribe)
during individual scan.

<1um motion in x- and y- achieved.

Encoder at the first roller

Movement in y-direction
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IBS . :
In-line measurement automation

Automatic measurement at predefined interval Validity check against predefined range
Automatic feature extraction (depth and width) TCP/IP communication of depth and width to client
Trend graph of data

Scribe measurement

Enable feature detection

Template Mame: Smartine_laser_scribe_full 3.mnt

Contral

Start Measuremnet Send latest results Create POF Report

Measure every Seconds

[ send every measurement to cients @ port: 3025

< B



Automatic measurement at predefined interval
Automatic feature extraction (depth and width)
Trend graph of data

In-line measurement automation

Validity check against predefined range
TCP/IP communication of depth and width to client
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IBS . :
In-line measurement automation

Automatic measurement at predefined interval Validity check against predefined range
Automatic feature extraction (depth and width) TCP/IP communication of depth and width to client
Trend graph of data Measurement report in PDF of last measurement

IBS ARRINA Smart 8
Sk Sty / Measuremen t Report oul]
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Depth [nm]

100 measurements in-line 1m/min

100nm (nominal) scribe
At IBS due to Corona
Stddev static measurements 9.5nm
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100 measurements in-line 1m/min

At 1m/min 9 out of 10 measurements were found to be within the 95% confidence level
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Successful first measurement of laser scribes on OPV:

Automated in-line measurements at a predefined location;

Automated feature extraction - scribe width and depth;

Check of the laser scribe width and depth against predefined acceptance values;
Display of series of measurements on a trend graph;

Communication of measurement results to client server for production optimisation
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Thanks for your attention
Time to start the dialogue

IBS Precision Engineering BV (Head Office)

Esp 201

5633 AD Eindhoven, The Netherlands
T +3140290 1270

F +3140290 1279

E info@ibspe.com IBSPE.COM



