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ABOUT PANALYTICAL
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About PANalytical

» Founded in 2003
» Spin-Off from PHILIPS

» Headquarter in Almelo, The
Netherlands

o Manufacturer of X-ray
equipment since 1920

» 1.100 employees globally
o 220 employees in R&D Almelo

» About 800 X-ray systems per
year
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| PANalytical product portfolio

ray fluorescence spectrometers

Research & Industrial XRD




\/ PANalytical

X-ray diffraction platform: EMPYREAN
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Core components: PIXcel3D x-ray detector & stages J
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Multiple hkl stress
w-8

BASICS OF RESIDUAL STRESS
ANALYSIS BY X-RAYS
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Solar Cells and PV modules - from XRD viewpoint
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How to analyze Residual stress by XRD?

, Stress in sample = orientation-dependet peak shift 7
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| Displacement plot
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Principal methods

Single-hkil:

» One specific reflection
» Sample needs to be tilted:
» Omega tilt

» Chi tilt

» Analytical volume is large and
changes with tilt
Analyzed

o Bulk stress measurement volume
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Principal methods

Multi-hkl:

Several reflections from
one phase

» Fixed incident angle

» Fixed analytical volume
» Thin films
» Gradients

volume » Grazing incidence: large
analytical area
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Stress in a Solar cell semiconductor
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Stress in a Solar cell semiconductor
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RESIDUAL STRESS & STRESS
GRADIENTS IN SOLAR CELLS
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Coatin Coatin
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Residual Stress gradient on CdTe cell
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RESIDUAL STRESS IN PV MODULE
_
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Equipment for micro—analysis

R ~8mm

3mm

Focusing X-ray lens
for intensity boost
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Equipment for micro—analysis

Focusing X-ray lens
for intensity boost

2D data collection to improve
measurement time
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Sampled tilted,
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Single hkl analysis on 50 pm strip
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Single-hkl

Highly textured sample!

1 mm

Stress analysis 90° to wire

Stress analysis along wire
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Single-hkl

Highly textured sample!
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Results on Cu damascene: 2 different orientations

® Phi=0°
® Phi=90°
— — Linear (Phi =07)

— Linear (Phi = 90°)

G = 458 + 14 Mpa
Ggp = 454 + 14 MPa
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Mapping & Micro-Stress analysis
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X-Y mapping &
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Grid of 50 x 100 points = 30 000 scans!
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NON-AMBIENT RESIDUAL STRESS




\/ PANalytical
Non-Ambient analysis

PEEK dome
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Normal Stress vs Temperature:
heating and cooling
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 Summary ]

p
X-ray diffraction is a versatile tool to determine residual stress in

solar cells and PV modules

-
/

Residual stress can be determined both in layers as well as in ohmic
contact structures

N

r .

Stress gradients can be determined in layers (depth-resolved) and on
layer surfaces (spatially resolved mapping)

\

/
On busbars and ohmic contacts, one can determine bulk stress only

\(bv W-XRD)

/

In-situ studies at non-ambient conditions are helpful to understand

thermal processes
N
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