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II Outlines AEIEE

® Electroactive polymers as multi-functional materials

®Ultrasonic fingerprint sensors

®Manufacturing process for ultrasonic fingerprint sensors

® In situ plasma polarization (poling)

® Conclusions and outlook * ZIRERIEES D TR
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II Physical Parameters Vary with Stimuli ¥ & ki N\ RIiHAI T
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Polarization
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II Electroactive Polymers’ Multi-functionality
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Electrical Complex systems involving many interrelated physical
field parameters
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® Great for multi-functional sensors or actuators

® Low temperature (<150C) process comparing to
Electrothermal ceramic materials, e.g. ZnO, PZT, AIN

effects

Electromechanical

effects ° Compatible with flexible electronics

® Large area and printable process

® Opportunities for low cost integration with Silicon- or
glass-based CMOS and MEMS devices
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I Piezoelectric Polymer for Ultrasonic Fingerprint Sensors
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Reverse Piezoelectric Effect /EEEMM IR EBEEIRS :
Electrical

Apply changing electrical field to cause field

change of strain and thus ultrasound [Tx]

to actively generate ultrasound *
Displacement

AR

Electrothermal
effects

Electromechanical

Piezoelectric Effect EERXN RN EBE RS effects
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Sense change in mechanical stress and
converts into charge density change [Rx]
to receive reflected ultrasound
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stress

Thermoelastic
effects

2 SITRI
LN




backplate

PVDF thin

film forming

TFT CMOS pixel array

Glass array

substrate

Stretch and
poling

Pick-and-

Crystallization place

Screen print
electrodes

IIConventionaI Manufacturing Process BFRISSCHFIETS
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Rx Receiving[PVDF polymer]

Adhesive
layers

Tx Transmission [PVDF polymer]

® Two sheets of thick PVDF
¢ Adhesive layers

® Device performance

® High production cost

® Up to 200mm size



IIPoIarization (Poling) of Polymer Thin Films B9 F &SR
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I Continuous Yield Improvement }F4£ERZgMuH
Sept 2016: Yield 99%

* D33 probing station mapping (1-point/chip vs. 6-point/chip) -> Farhad
TFTO8 (9/9/16) 1-point per 4x9 area Yield = 99.01% TFT08 (9/11/16) 6-point per 4x9 area Yield =99.41%
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® Excellent process performance: d33 up to 28pC/N

® No plasma damage to CMOS underneath polymer

® High yield in mass production, > 99%

® High throughput, fast cycle time

¢ Scalable to larger backplate sizes (Gen 6, i.e. 1.85 X 1.5 meter)

® Successfully applied to FP modules for mobiles phones




II Comparison of Old and New Processes S5|HILZ/ILLER

Old Pick-and-place Process Advanced in situ Process

¢ High production cost ( >10X) v Low production cost ( 1X)

® Low resolution ( 1X) v High resolution ( >3X)

® LowS/Nratio (3.5:1) v High S/N ratio (10 : 1)

® Penetrate only 400um cover glass v Penetrate > 1200um cover glass, good for under OLED display

Cover glass [ 400um ]

Cover glass [> 1200um ]

Piezoelectric polymer

[pick-and-place] Rx [30um ]

TFT pixel arra

Tx/Rx [ 10um ]

\TFT glass substrate

TFT glass substrate

N

Piezoelectric polymer
[deposition and poling in situ]

Piezoelectric polymer Tx [30um]
[pick-and-place]
Adhesive No adhesive layer

layers
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I Samsung S10 =£S510

Galaxy S10

HIGHLIGHTS
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DESIGN PERFORMANCE CAMERA INTELLIGENCE

Ultrasonic Fingerprint ID
protects and unlocks
with the first touch.

We moved the Fingerprint Scanner from the
back to the front, creating a revolutionary, on-
screen sensor. Using ultrasonic pulses, it
detects the 3D ridges and valleys of your
fingerprint, so only you can access your
phone. It's secure and convenient — even
allowing you to unlock, drag, and hold to open

the app you want.

Ultrasonic
Fingerprint




II Conclusions /&

¢ Electroactive polymers hold many potential applications, thanks to
their multi-functionality

® Polymer-based ultrasound fingerprint sensor is one such application;
the only ultrasound FP technology used in mobile phones on market

® As an enabling technology, in situ plasma polarization (poling) has
been proven to be a high-performance, high-yield process for mass production

Piezoelectric co-polymer in situ
processed by plasma poling Cover glass or OLED display Signal

\ processing

. Il =N b S e

TFT CMOS array backplate
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IIOutIook for Potential Applications R
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An open platform to industrial partners
Enable better devices with better processes and tools

Active Materials Substrates Opportunities in Specialty Processes

¢ Thin-film depositions

® Nano-particles

® AIN ® Wafers ® Etch and trimming

° PZT ¢ Glass ¢ Annealing

¢ Electroactive polymers ¢ Flexibles ® Polarization (poling)
¢ Packaging
¢ Metrology
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