
    

 

 

  

 

 
 

 

 

 

AM1 solar spectrum 

 
 

 

 

1E-10

1E 9

1E 8

1E 7

1E 6

1E 5

 

 

 

 
 

 

 

 

  

 

 

 

 

Molecular Bond Rupture Kinetics in Organic Photovoltaic Transparent Barriers 
F. Novoa and R. H. Dauskardt 

Objective UV Effects on Barrier Debonding Kinetics
• The Lifetime of a Photovoltaic device is dictated by the loss of adhesion and defect evolution. 
• The objective of this research is to develop quantitative methods to characterize basic thermomechanical UV Exposure (3.4 eV) UV Exposure (4.9 eV)

Simulated UV Exposure 

UV transparent Substrate 

properties (e.g. adhesion, cohesion), and photochemical and environmental degradation processes in 10-4 

No UV 
0 mw/m2 

1.2 mW/cm2 

0.6 mW/cm2 

Ghv ~ 1.3 J/m2 

Ghv ~ 0.8 J/m2 
⎟⎟ 
⎠ 

⎞ 
⎜⎜ 
⎝ 

⎛ −+ 
= 

η 

γν 2
sinh htip 

o 

GG 
v

dt 
da 

UV intensity 

10-10 

10-11 

0 1 2 3 4 5 6 7Driving force for damage: 

C
ra

ck
 G

ro
w

th
 R

at
e,

 d
a/

dt
 (m

/s
) 

-

-

-

-

-

D
eb

on
d 

G
ro

w
th

 R
at

e,
 d

a/
dt

 (m
/s

) 

3.3 
mW/cm2 

1 
mW/cm2 

2.3 
mW/cm2 

No UV 

10-5 

10-6 

10-7 

10-8 

10-9 

10-10 

organic solar cells. 
• Kinetic models of damage evolution need to be developed as the basis for life prediction and accelerated 

testing (effect of operating temperature and environments, solar flux, etc.) 
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Degradation and Reliability of Photovoltaic Devices
 10-9 

Film Stress Accumulation with UV Exposure 

Locations with the highest solar 
irradiance are also the most 

severe operating environments 

Fi
lm

 S
tre

ss
, M

Pa
 

40 

35 

30 

25 

20 

15 

10 

5 

0 

Thermal curing stress 

0 2000 4000 6000 8000 10000 12000 14000 

0 1 2 3 4 5 6 
Strain Energy Release Rate, G (J/m2) Transparent Polysiloxane Barrier Strain Energy Release Rate, G (J/m2)

Novoa and Dauskardt, 2009 

ff hZ 2σ • Dip coated polysiloxane coatings Novoa and Dauskardt, 2009 
• Substituted methylsiloxanes polymer with 

organofunctional polysiloxanes3.4 eV UV light exposure accelerates 4.9 eV UV light exposure acceleratesG = 
E f debonding rates between glass and adhesive failure while increasing 

the polysiloxane barrier bond density in the polysiloxane film 

Modeling Bond Rupture Kinetics 
• Damage growth rate with increasing bond density: 

Keele University UV Dose at 185 and 254 nm, kJ/m2 

• Interaction of moisture with strained debond tip bonds 
Kamer and Dauskardt - 2009 hν H2O 
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Bond Rupture Parameters 
N - bonds per unit area fo - attempt frequency 
uo - work of rupture u1 - energy barrier 
2γ - N uo η - 2NkT  
w - crack width 

Bond Rupture Parameters 
N - bonds per unit area fo - attempt frequency 
uo - work of rupture u1 - energy barrier 
2γ - N uo η - 2NkT  
w - crack width 
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UV photons cleave highly strained 
bonds and accelerate the rate of 

defect evolution 

Assessing UV & Environment on Debonding Kinetics
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Conclusions and Future Work
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0 • Degradation of a transparent protective barrier was shown to be caused by the simultaneous effect of 
UV-Mechanical Delaminator moisture, chemically active environmental species and UV radiation
 

Low heating UV radiation • UV exposure accelerates debonding rates and lowers the threshold loads for bond rupture

• More experiments on UV, humidity, environmental species and mechanical loads on bond rupture kinetics 

Adhesive debonding in Organic Layer 

• An experimental setup was implemented to simulate 
effects of simultaneous environmental, mechanical and uv 
irradiation 

• Load relaxation curves characterize the molecular bond 
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explore role of: will be performed. 
• UV flux • Atomistic modeling to reveal bond rupture processes is under way. 

• Reliability modeling and life prediction studies will be performed. 
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rupture kinetics of transparent protective barriers 
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