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ABSTRACT
We explore the potential of infrared birefringence
imaging (IBI) to reveal a complete picture of macro- and
microscopic internal stresses and their origins in
multicrystalline silicon (mc-Si). We present a method to
decouple macroscopic thermally induced residual
stresses and microscopic bulk defect-related stresses,
and validate this method in mc-Si wafers via
microstructural analysis. We then describe the unique
IR birefringence signatures, including stress magnitudes
and directions, of common microdefects in mc-Si solar
cell materials: β-SiC and β-Si3N4 microdefects, twin
bands, non-twin grain boundaries, and dislocation
bands. We relate observed stresses to other topics of
interest in solar cell manufacturing, including wafer
mechanical strength and minority carrier lifetime.
INTRODUCTION
Solar cell manufacturing yield is inversely related to the
cost of photovoltaic power. The strength of wafers and
cells is widely measured via bending tests using a
continuum approach [1-3], assuming the material is
homogeneous throughout. Fracture strength is
evaluated using the Weibull distribution [4], since silicon
is a brittle material exhibiting a large variation in fracture
stress values. The resulting data is used industrially to
improve manufacturing steps or investigate the
influence of processing parameters on wafer strength.
However, multicrystalline silicon (mc-Si) wafers exhibit a
heterogeneous stress distribution due to defects, so the
underlying cause of breakage is unclear with continuum
investigations. As a result, PV technology pathways
with cost reduction potential remain underdeveloped.
For example, thinner wafers represent a promising path
towards reduced materials costs, yet these benefits
have been offset by lower production yields due to
higher breakage.
In this contribution, we demonstrate the potential of
infrared birefringence imaging (IBI), a high-throughput,
non-invasive method, to characterize the spatial
distributions of internal stresses in mc-Si solar cell
wafers on the micron scale. We use the Grey-Field
Polariscope (GFP) manufactured by Stress Photonics,
as described in [5], to image our samples.

We observe two main causes of stress in our mc-Si
samples: thermally induced residual stress, which arises
from thermal gradients during the cooling of silicon
down to room temperature, and stress originating from
bulk microdefects. Thermally induced residual stress
has a low spatial variation throughout the samples, as
compared to the microdefect-related stress, which is
highly localized around the defect. Thus, to differentiate
the two causes of stress, we cleaved a sample in half
and observed the stress relaxation near the free edge.
This simple, albeit destructive technique for determining
thermally induced residual stress is further detailed in
the manuscript in [6].
We then decoupled and described the unique IR
birefringence magnitudes, signatures, and origins of
common microdefects in mc-Si solar cell materials,
including silicon carbide (SiC) and silicon nitride (Si3N4)
inclusions, dislocations, non-twinned grain boundaries,
and twin bands. The full taxonomy of common
microdefects and the correlation of the IR birefringence
images to data obtained from other defect
characterization techniques is given in [6].
CONCLUSION
We believe IBI may enable predictive yield analysis, as
it shows the spatial distribution of internal stress, which
is related to wafer mechanical strength. Additionally, we
explore the relationship of minority carrier lifetime and
IR birefringence in [6].
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