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Introduction

(MEPYV) is a microfabricated
photovoltaic (PV) device.

MEPYV has unique failure analysis and reliability opportunities
because it lies at the intersection of microelectronics and
photovoltaics.

Microelectronics

Large arrays of
small (< 1mm)
individual cells

Photovoltaics

p-I-n geometry
results in strong
reaction to light
stimulus

Many um-scale
feature sizes, such
as electrical
contacts

In this project, we successfully adapted failure analysis
techniques for microelectronics for defect localization in
MEPV.

These techniques form a set of tools for building the first
reliability model for MEPV, as demonstrated a case study
establishing MEPV'’s robustness to reverse bias stress.
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MEPYV on flexible

(silicon) metal pillar to substrate substrate (ruler in cm)
n-type MEPYV uses semiconductor
Cgstcakct techniques to fabricate silicon solar
cells that are 20 um thick and 500 um
Bottorn View p-type to 720 um in diameter that can be
(metal back back interconnected into an array on a
contact) contact flexible substrate.
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Failure Analysis Techniques

The following defect localization techniques were effective for
MEPV:

Electroluminescence (EL)

R

Reverse Bias:
Localizes avalanche
breakdown sites

Forward Bias:
Evaluates cell
functionality

Leakage site

Optical Beam Induced Current (OBIC)

Discovered that DC amplification
resulted in better performance than
traditional AC filtering.

Stimulus < Band Gap:
Evaluates electrical
contacts and leakage
paths

Stimulus > Band Gap:
Evaluates localized
functionality within cell

Contacts ™

Darker region

Preamplifier (poorer
performance)
DC Amplifier N
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Reverse Bias Case Study
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Resulting leakage sites can be
identified through below band gap
OBIC.

Strong reverse bias EL signal
suggests avalanche breakdown.

Repeated stress at lower voltages showed good
resiliance to reverse bias stress.
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e Each abrupt increase in
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~ corresponds with new dark
region under forward bias EL.
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Microelectronic failure analysis techniques were succcessfully
adapted for MEPV.

MEPV was demonstrated to have good robustness to reverse
bias stress.
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