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OverviewOverview

• Overview of current PV packaging technologies.

o Functional Requirements

o Types

• Common Failure Modes

o Standards for Testing IEC + UL

• Current standard certification testing to detect infant mortality.

• Future movement to align certification standards testing to real world 
failures.
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o Functional requirements of the PV Packaging

o Provide adhesion of material stack

o High transmission

o Anti Reflection

o Moisture Barrier

o Impact Protection

o Anti Soiling

o Structural Support

o Heat Dissipation

o Electrical Insulation

o Backsheet Reflection

o Flexibility for thermal expansion.

PV Packaging OverviewPV Packaging Overview

Typical bulk silicon module materials.
http://pvcdrom.pveducation.org/MODULE/ModMater.htm
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• Crystalline Silicon

o Low Iron Glass (tempered)

o Ethyl Vinyl Acetate (EVA)

o Tedlar Backsheet

• Thin Film

o ETFE Flexible Films

o Low Iron Glass (tempered)

o Ethyl Vinyl Acetate (EVA)

o Glass (annealed)

• Concentrating PV

o Acrylic Lens

• Alternative (New) Materials

o Silicone Adhesives

o Aluminum Backsheet

PV Packaging TechnologiesPV Packaging Technologies
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PV Packaging Common Failure Modes PV Packaging Common Failure Modes –– TOP 5TOP 5

Failure Mode Standards Testing

1.  Moisture Ingress
Damp Heat 85°C / 85% RH - 1000 Hours

Humidity Freeze 85°C / 85% / -40°C - 10 Days

2.  Thermal Coefficient of Expansion Mismatch / 
Interconnect Failure

Thermal Cycling
Humidity Freeze

3. Structural Mechanical Load Test

4.  Leakage Current

Insulation Test
Dielectric Withstand Test

Wet Leakage Current Test
Impulse Voltage Test

5.  Corrosion / Ion Migration

Damp Heat
Visual Inspection

Corrosive Atmosphere Test
Salt Spray
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Corrosion / Ion MigrationCorrosion / Ion Migration
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Electroluminescence of cell showing Moisture IngressElectroluminescence of cell showing Moisture Ingress
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Thermal Expansion, Lateral Stresses, Thermal MismatchThermal Expansion, Lateral Stresses, Thermal Mismatch
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Electroluminescence of Moisture Ingress due to Electroluminescence of Moisture Ingress due to UndercuredUndercured EVAEVA
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EVA EVA DelaminationDelamination -- (TCO = Transparent Conductive Oxide / (TCO = Transparent Conductive Oxide / 
Electro Chemical Glass Corrosion)Electro Chemical Glass Corrosion)
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UV Induced Yellowing / DiscolorationUV Induced Yellowing / Discoloration
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Structural Failure of Glass SubstrateStructural Failure of Glass Substrate
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Humidity Freeze / Thermal Cycling Test Humidity Freeze / Thermal Cycling Test –– Chamber ProfileChamber Profile
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Current IEC Standards Testing to Evaluate Packaging IntegrityCurrent IEC Standards Testing to Evaluate Packaging Integrity

o Thermal Expansion  - Interconnect Failures (Thermal Cycling)

o Interconnect Quality Temperature Cycle

o Provide adhesion of material stack (Maximum Power Determination)

o High transmission (Maximum Power Determination)

o Anti Reflection (Maximum Power Determination)

o Moisture Barrier (Damp Heat / Humidity Freeze Test)

o Impact Protection (Impact / Cut / Push / Hail Test)

o Anti Soiling (Maximum Power Determination)

o Structural Support (Mechanical Load Test)

o Heat Dissipation (Measurement of Temperature Coefficient / NOCT)

o Electrical Insulation (Insulation Test / Wet Leakage Test)

o Backsheet Reflection (Maximum Power Determination)

o * Tests require weeks of environmental chamber testing.  There is a current 
movement by a consortium to present Thresher Protocol Testing at NREL conference 
later this month.
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