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ENABLING THE FUTURE

* Prinfed Electronics and
Flexible Systems enable future
Innovations and applications SENSORS

* Low cost sensors in smart and
connected devices (Internet of
Things (loT))

« Smart-packaging, RFID tags

« Healthcare wearable devices

 Flexible displays

« Organic Photovoltaics

. $9.8 billion (2019)
$19.8 billion (2024)

(2019 Markets and Markets)
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(GRAVURE PRINTING PROCESS
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DEFECTS LEAD TO PERFORMANCE DEGRADATION

STRIATIONS LOSS OF CONDUCTIVITY
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PINHOLES: NOT ALL PINHOLES ARE THE SAME

« Missing particulate
* Iregular template contact b b 1000pmy

° En\/iron men'l'cﬂ CO nTG minCI nTS MISSING DOTS 2015 APILO ET AL. . E }QOQGH INK SPREADING

 Less understood
* Ink spreading / leveling
« Gravure cell gas tfrapping

 May be confrolled for
« Template defects
 Ink impurities

ENVIRONMENTAL CONTAMINANTS
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STRIATIONS: VISCOUS FINGERING VS RIBBING

What is the cause of these striationse

Viscous Fingering

* Brumm et al. speculated
due to viscous fingering

» Upstream transfer nip
instabilities generate air

fingers that index striafions p | f
« Can only occur in transfer — gL — AR o AR
nip where gas can be entrained 2019 BRUMM ET AL. 2014 LEVANCHE ET AL. 2019 BRUMM ET AL.

Ribbing

o o DIFFERENTIAL DRYING
« Our hypothesis is that striations are due to the INDUCES COLLOIDAL
ribbing instability, common in separating flows AGGREGATION
» Local pressure gradients cause reverse flow
» Ribbing instability in the transfer nip leads to
peaks and troughs immediately after transfer
 Film variation drives differential drying inducing FAIR ; -
colloidal aggregation that index striations 1988 SOULES ET AL. 2002 VARELA LOPEZ ET AL,
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INFORMATICS APPROACH & RESULTS COLLECTION

Gravure is a complex process so use
machine learning to see big picturel

PREDICTIONS
MACHINE VIA
LEARNING ALGORITHMS

EXTENSIVE
DATABASE

dirty ’remplo’re

OF MANY
FEATURES

2. Clean Template

3. Dry with minimal
dust and handling

4

Choroc’rerlze Prints

8
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CHARACTERIZATION VIA COMPUTER VISION
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ML ALGORITHMS

Learn which features are most sensitive and which set
of features is enough to accurately predict defects

Support Vector
Machine (SVM)

Separates data intfo groups
(classifications) in n-
dimensional feature space

Recursive Feature
Elimination (RFE)

Simply a parameter sensitivity
analysis

Stratified K Fold
Cross-Validation

Uses the large margin
principle to find a hyperplane
with a large margin (left)
versus that of a small margin
(right)

Tests removal of least
sensitive features to minimize
features necessary to
accurately predict the
classification

RFECYV for SVC

Makes sure all the data is
used in fraining and testing

Semi-random partitioning of
data so that all data
(including each
classification) is used once in
the training and once in the

Optimal Hyperplane TeSTI ng Of The mOdel
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PREDICTIONS & CONFIDENCE

Pinholes Striations
Classification 0.94+0.01 Classification 0.87+0.05
Opftimal Features viscosity, Opftimal Features particle size,
substrate cell depth,
print speed
» Viscosity « Particle Size

« Higher viscosity resists complete filling of
gravure cells

* Multiple components including particle size,
shape, loading, temperature, erc.

o Substrate

« Porosity difference between paper and
plastic

« Surface energy variation causing incomplete
wetting or dewetting mechanics

« Unexpected result from the ML
« Fewer large particles fit in a cell
« Reduced mobility affecting leveling when

drying
« Cell Depth

« Smaller cells deposit thinner films that dry
before particles can level

* Print Speed

« Main ribbing instability criterion

Managing cell filing and transfer vital

Ribbing consistent with critical features
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SEE POSTER FOR “HIGH-SPEED MICRON-SCALE
GRAVURE PRINTING NIP VISUALIZATION"

Visualization of Transfer Rib to Striation Indexing
* Observe transter + spreading  « Count + position match
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SUMMARY

* Prinfed and characterized 1600+ samples
* |[dentified pinholes and sfriations via computer vision
* ML prediction confidence

Pinhoies LK
Stiations [0

« Validated with visualizations
* Print speed greatest predictor of striations

Ribbing instability key mechanism in striation generation
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