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∙ Founded in 2003  

∙ Spin-Off from Philips 

∙ Headquarter in Almelo, The 

Netherlands 

∙ Manufacturer of X-ray 

equipment since 1920 

∙ 1.100 employees globally 

∙ 220 employees in R&D Almelo 

∙ About 800 X-ray systems per 

year 

Headquarter 

Tube Factory 



SEMI XRF/XRD 

Research & Industrial XRD 

X-ray fluorescence spectrometers 

X-ray tubes 

PGNAA 









Layered structure Thermal processing Residual Stress 

Graphics courtesy of pveducation.org 



Unstressed sample = no peak displacement 

Stress in sample = orientation-dependet peak shift 
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Slope of Regression line   
Residual stress 

Unstressed sample 
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∙ One specific reflection  

∙ Sample needs to be tilted: 

Omega tilt 

Chi tilt 

∙ Analytical volume is large and 

changes with tilt 

∙ Bulk stress measurement 

Single-hkl: 



∙ Several reflections from 

one phase 

∙ Fixed incident angle 

∙ Fixed analytical volume 

Thin films 

Gradients  

∙ Grazing incidence: large 

analytical area  

Multi-hkl: 



ARC 

Si 

Gradient! 

Bi-directional stress! 

Single-hkl 
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Si 

Gradient! 

Bi-directional stress! 

Multi-hkl 
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ARC 

Si 

Single-hkl 



3mm 

R ~8mm 

Focusing X-ray lens  
for intensity boost 



3mm 

R ~8mm 

2D data collection to improve  
measurement time 

Focusing X-ray lens  
for intensity boost 



Spot A Spot B 

Sampled tilted 

2mm 
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165 minutes scans 
(17 h total time) 

Single-hkl 





     Cu (111) on Si (100) 

 

1 mm 

1.5 mm 

Single-hkl 

Highly textured sample! 

Stress analysis along wire 

Stress analysis 90° to wire 



     Cu (111) on Si (100) 

 

1 mm 

1.5 mm 

Single-hkl 

Highly textured sample! 

Stress analysis along wire 

Stress analysis 90° to wire 

48.5º 

82.4º Cu (331) 

22º 



0º = 458 ± 14 Mpa 

90º = 454 ± 14 MPa 



Line Scan 1x step + 6x Omega scan 

Line Scan 

Grid of 50 x 100 points = 30 000 scans! 

X-Y mapping & 
Chi/Omega tilt 





2.5 cm Ø 

PEEK dome 



Heating 

Cooling 



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 

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 
(by µ-XRD) 

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


