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Examples of High-Barrier Materials

OLED Cell Phone Screen

Solar Panels
Mmocon



[Why Study Permeation?

Permeation rates are often a key measure of how
we |l | components and seal s n
performance



Permeation Basics:
Solution-diffusion mechanism

BARRIER PLASTIC
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The gas absorbs at the entering face and dissolves in the
material at the high-pressure side of the material

Diffuses through the polymer
Desorbs or outgases at the low-pressure side.

>

>



[What Does It Look Like?
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[Key Factors that Affect OLED Shelf-life ]

A Oxygen - Commonly accepted to be
0.001 cc/(m? x day) or lower

A Water Vapor - Commonly accepted to be
1e® g/(m?x day) or lower



How Is Permeation Measured - Oxygen?
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Coulometric

Absolute sensor
(100% efficient)

mncnn Low-end =0.005 cc/(m? x day)



How Is High Barrier Permeation ]
Measured T~ Water Vapor?

ACalcium Test
Alritium (Radio Active) in the form of HTO
AViass Spectrometry

ACoulometric Sensor



Calcium Test i Method 1

A Method relies upon the corrosion of Ca metal
forming CaO and CaOH

Ca metal is deposited on the film surface

A glass lid is placed over the deposition

The edges of the lid are sealed w/ epoxy

Sample is placed within a high humidity environment

As water reacts with Ca metal, the film becomes
transparent

Light measurements are used to monitor Ca oxidation and
then the quantity of water absorbed is calculated.



Calcium Method 1

Results reported as low as 5e° g/(m?xday) i for glass

mncnnL G.Nisato i Evaluating High Performance Diffusion Barriers: the Calcium Test
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Glass

Calcium Method 2

A Method also relies upon the corrosion of Ca Metal
forming CaO and CaOH, but monitors the electrical
properties as the Calcium corrodes

Ca metal is deposited on the film surface

Non-corrosive tabs are incorporated at the edges of the Ca
Film

A glass lid is placed over the deposition

Thel)edges of the lid are sealed w/ epoxy (tabs through
sea

Sample is placed within high humidity environment
As water reacts w/ Ca metal, the resistance changes
WVTR is calculated from this change in conductance

mncnn Arrelaine A. Dameron i Understanding moisture ingress and packaging requirements for photovoltaic modules



Tritium Test Method

Water is doped with tritium forming HTO
The HTO is maintained in one side of a test cell (100% RH)

The opposite side of the film is analyzed in one of two fashions

A Real time HTO transmission is monitored via sweeping the
permeating HTO vapor with a carrier gas stream (methane) to an
lonization chamber, where it is quantified.

A Transmitting HTO is collected within a hydroscopic salt and then
periodically removed and analyzed for its tritium concentration via
scintillation methods

— Aviethod reported to provide

' e 1;”” results below 1e*® g/(m?xday)

l |:| ASome questions have been

raised if atomic tritium is also
permeating*

m n Arrelaine A. Dameron i Understanding moisture ingress and packaging requirements for photovoltaic modules
*Arrelaine A. Dameron i Gas Diffusion Barriers on Polymers Using Multilayers Fabricated by Al,O; and Rapid SiO2 Atomic Layer Deposition



Mass Spectrometry Test Method

A sample is mounted within a diffusion cell
Both sides of the sample are evacuated
The test side is exposed to a constant pressure of H,O (A)

The permeating water vapor is allowed to accumulate (B), taking
care to keep each sides nAtot al
stress)

Periodically, the accumulation side is swept to a gas
chromatograph for water guantification
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ALower detection limits for mass spec should be below 1e® g/(m2xday)

mncnn K.C Obrien i A new technique for the measurement of multicomponent gas transport through polymeric films



[ AQUATRAN® Model 1 ]

A Temp Range: 5-50C or 10-40C
A Test Range: 0.0005 to 5 gm/(m? day)
A  Humidity: 100% or 35-90%RH
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mocon Coulometric AQUATRACE Sensor



Coulometric I- Aquatran Test Method

A Sample is placed within a diffusion cell

A Humidity is supplied to one side of the sample

A Dry nitrogen sweeps the opposite side of the test specimen

A All permeating water vapor is swept to the Aquatrace™
Detector

A The Aquatrace™ detector uses P,O. coulometric reaction

(100% of the water vapor entering the sensor is converted to a
measurable amount of charge) to measure the water vapor



Benefits of Absolute
Coulometric Method

A Absolute or Intrinsic WV measurement
(measures ALL water vapor)

A Theoretical sensitivity is 2 X 10 g/(m?-day)

(or better with future improvements)

A Coulometric Technology not affected by

Temperature, Pressure, Flow or Vibration

A No Calibration Required




Lowest Available Calibration Gas
NIST traceable WV +/-10% (10ppm)
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[ High Moisture Barrier Film ]

MOCON Permatran-W 3/33 = 0.005 g/(m?“day)
AQUATRAN Model 1 © 0.0005 g/(m2*day)



