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Molecular Hybrid Films in Device Technologies

...but hybrid films can be
fragile and exposed to harsh
environments!

environmental solar UV
diffusion and
fracture 1 ;§{§(§(
hybrid
film

skin science sensing and drug delivery substrate




Outline

* Molecular Modeling and Design of Hybrids

* molecular structure and mechanical properties

* High-Toughness Ceramic-Like SiC:H Films

 toughening devices with plastic a-SiC:H layers

* Hybrid Materials in Plastic Electronics and OPV
e cohesion and adhesion, kinetics and lifetimes

* Biological Hybrid Films and Treatments
* biomechanics of human skin, UV exposure and treatment
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Quantitative Adhesion/Cohesion and Debond Kinetics

Cohesion Energy, G (J/m?)
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Functlonally -Graded Hybrid Layers for
High-Performance Adhesion

« combination of organic and inorganic components from molecular to macro length
scales enables materials with multifunctional property sets
« opportunity to tailor mechanical, thermal, electrical, and optical properties

Functionally High Performance
Graded Hybrids . Adhesion
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Molecular Hybrids
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Reliability Challenﬁﬁi wiih Packages and 3D Structures
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Hybrid Layers for High-Performance Adhesion

Source: www.wikipedia.org
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* moisture, temperature and "% .- e
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 kinetic mechanisms and
long-term reliability

Hybrids
Computational Modeling - Epoxies oroperties
: « deformation
* molecular structure and properties  fracture

* new materials discovery - fatigue. ..



Hybrid Layers for High-Performance Adhesion
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Outline

* Molecular Modeling and Design of Hybrids

* molecular structure and mechanical properties

* High-Toughness Ceramic-Like SiC:H Films

 toughening devices with plastic a-SiC:H layers

* Hybrid Materials in Plastic Electronics and OPV
e cohesion and adhesion, kinetics and lifetimes

* Biological Hybrid Films and Treatments
* biomechanics of human skin, UV exposure and treatment
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Hydrogenated Amorphous Silicon Carbide (a-SiC:H)

network backbone: Si-C, C=C
terminal groups: -H, -CH,

crystalline SiC a-SiC:H

Si H
Si—C Si Si—C Si
Si H
reduced
fU”y connected Connectivity
« chemical and thermal stability PE-CVD at 400°C
* unique opt-electrical properties precursors: methylsilane, phenylsilane, He, H,
stoichiometric (C/Si ~ 1)
Si-O-Si bond free... non-stoichiometric (C/Si ~ 5)
* low sensitivity to moisture cracking phenyl organic porogen

 can exhibit high fracture resistance
Matsuda, King , Dauskardt, Acta Mat. 2011.



Hydrogenated Amorphous Silicon Carbide (a-SiC:H)

network backbone: Si-C, C=C
terminal groups: -H, -CH,

« chemical and thermal stability
* unique opt-electrical properties

Si-O-Si bond free ...(trace amounts)
 low sensitivity to moisture cracking
 can exhibit high fracture resistance

Crack Growth Velocity, v (m/s)
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Matsuda, King , Dauskardt, Acta Mat. 2011.



Cohesive Fracture Energy and Connectivity
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Plasticity in Non-Stoichiometric a-SiC:H Films
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Plasticity in Non-Stoichiometric a-SiC:H Films

Vertical Displacement, z (nm)
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Toughening with Ceramic-Like a-SiC:H Films

toughening by metal films
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at nanoscale
* low dislocation p and mobility
* small grain size (Hall-Petch)

Matsuda, Dauskardt et al., Small, 2012 in review.



Toughening with Ceramic-Like a-SiC:H Films

_ toughening by polymer films
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* incompatible deposition

Matsuda, Dauskardt et al., Small, 2012 in review.



Toughening with Ceramic-Like a-SiC:H Films

much more effective toughening than metal films, more
thermally stable than polymers
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Outline

* Molecular Modeling and Design of Hybrids

* molecular structure and mechanical properties

* High-Toughness Ceramic-Like SiC:H Films
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e cohesion and adhesion, kinetics and lifetimes
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Degradation and Reliability of PV Devices and Modules

H,0, O,, H, UV Exposure

other active chemical
species
— surface

weathering

cracking and
debonding

photochemical
— reactions

defect evolution in
Substrate \/ nanomaterial
layers

Severe operating  Thermal cycling, mechanical stress, moisture, chemically
environments: active environmental species, and solar UV.

Uncertain degradation kinetics and reliability models.



Roll-to-Roll Flexible Inverted Polymer Solar Cell

» Manufacturing: automated R2R
- high throughput
- large area

« Materials
- abundant

- cheap
- light weight

* Flexible Substrates

Typical Inverted Polymer Solar Cell
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Effect of BHJ Composition on Adhesion
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Factors Effecting Cohesion of BHJ Layers

plastic zone

Heterojunction layer thickness elastic layer é
organic BHJ

— IS cohesion in organic layers sensitive
to layer thickness? elastic substrate

Composition of the heterojunction layer
— limited bonding to fullerene B
— polymer/PCBM ratio makes stronger layer

Molecular intercalation

— manipulating the types of intermolecular
interactions

Annealing

— morphology of the BHJ layer
changes with annealing
FSTANFORD
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Effect of Molecular Intercalation on Cohesion
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Barrier Films in Solar Modules
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Assessing UV and Environment on Debonding Kinetics

Glass Substrate
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Debonding Kinetics

explore role of:

« UV flux

* humidity, O,, OH, ...
* temperature

* mechanical loading



UV Effects on Molecular Bond Rupture
UV Exposure (3.4 eV)
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Backsheet and Encapsulant Debonding
in Solar Modules



New Portable Full Panel Adhesion

Back Side of FuII Panel

—

Delaminator (v8.2)
Adhesion Test System
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Ageing Temperature Effect on Debond Energy
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Temperature Effect on Debond Kinetics

RH=40%

Debond Growth Rate, da/dt (m/s)

Debond-Driving Force, G(J/mz)
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Outline

* Molecular Modeling and Design of Hybrid Glasses
* molecular structure and mechanical properties

* High-Toughness Ceramic-Like SiC:H Films

 toughening devices with plastic a-SiC:H layers

* Hybrid Materials in Plastic Electronics and OPV
e cohesion and adhesion, kinetics and lifetimes

* Biological Hybrid Films and Treatments
* biomechanics of human skin, UV exposure and treatment
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Biological Hybrid Films and Treatments

http://www.npr.org/blogs/health/2012/10/02/162159367/how-sunlight-weakens-your-skin

FSTANEQRI_)

AND ENGINEERING Biniek, Levi, Dauskardt, PNAS, Oct 1, 2012




Mechanical Function of Human Skin

7

mechanical behavior effects
cosmetic aspects of skin
appearance, feel, and firmness...

BAND-AID

DL

Skin Care Forum

mechanical function and solar UV
exposure, wound care,
biosensing, drug delivery, and
scar formation...

i ¥ L5
Alza Macroflux ®
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Solar UV Effects on Biomechanical Function

_ | climate change increases
. Incidence of UV exposure
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Biomechanical Model for SC Damage
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Solar UV Effects on Biomechanical Function
Broadband 311 nm UVB

UV Exposure
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Solar UV Effects on Biomechanical Function

UV Exposure

delamination
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Skin Stresses and the Driving Force for Damage

In-Plane Bi-Axial
Stress State

— wafer curvature technique for SC stresses

— effects of treatment on stresses
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Predicted UVB Effects on SC Damage

or G — Zog g surface
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Summary

* Molecular Modeling and Design of Hybrids

* molecular structure and mechanical properties

* High-Toughness Ceramic-Like SiC:H Films

 toughening devices with plastic a-SiC:H layers

* Hybrid Materials in Plastic Electronics and OPV
e cohesion and adhesion, kinetics and lifetimes

* Biological Hybrid Films and Treatments
* biomechanics of human skin, UV exposure and treatment
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