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Aberrations 

An optical aberration is a distortion in the 

image formed by an optical system 

compared to the original. It can arise 

for a number of reasons due to the 

limitations of optical components such 

as lenses and mirrors.  
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Spherical aberration 

occurs in a spherical lens or mirror because 

these do not focus parallel rays to a 

point, but instead along a line. 

Therefore, off-axis rays are brought to a 

focus closer to the lens or mirror than 

are on-axis rays. 
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Spherical aberration 



Optical Components for Laser Applications 

Günter Toesko - Laserseminar BLZ im Dezember 2009 5 

Astigmatism 

occurs in lenses because a lens has 
different focal lengths for rays of 
different orientations, resulting in a 
distortion of the image. In particular, 
rays of light from horizontal and vertical 
lines in a plane on the object are not 
focused to the same plane on the edges 
of the image.  
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Astigmatism 
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Astigmatism 
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Distortion 

is caused because the transverse 

magnification may be a function of the 

off-axis image distance. Distortion is 

classified as positive (so-called 

pincushion distortion), or negative (so-

called barrel distortion  
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Field curvature 

results because the focal plane is actually 

not planar, but spherical.  
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Field curvature 
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Astigmatism, Distortion, Field curvature 
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Chromatic aberration  

occurs in lenses because lenses bring different colors of 

light to a focus at different points as the refractive 

index changes with the wavelength.  

V = Abbe number = measure of a materialôs dispersion 

f1 * V1 + f2 * V2 = 0           1/f = 1/f1 + 1/f2  
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Chromatic aberration ð single lens  
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Chromatic aberration - achromat 
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Coma  

occurs because off-axis rays no not quite 

converge at the focal plane. 
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Coma 
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Fiber collimator 

Åto be used with an optical fiber to provide a 
collimated beam 

Åfocal length depending on the NA and the 
required collimated beam diameter 

Åsingle or multi-element system depending on 
fiber core diameter 
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Collimator - Basics 
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Collimator - single lens or multi element 

NA=0,14, f=80 mm 

D=? 
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Collimator - single lens or multi element 
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Afocal telescopes 

Åto provide a collimated beam with a certain 
diameter (magnified or de-magnified) 

Åat least 2 lens elements 

ðGalilei > no internal focus 

ðKepler > spacial filter possible 

Åbeam waist radius scales invers to divergence 
angle 

Åwavefront maintanance 

Ålens material depending on the wavelength 

Åadjustable divergence 
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Afocal Telescopes 

Å wavelength 355 nm  

Å input aperture 10 mm 

Å magnification 3.0 

Å fully diffraction limited 

Å adjustable divergence 
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Afocal Zoom Telescopes 

Åto provide a collimated beam with a certain diameter 

achieved by a variable (de-)magnification factor 

Åat least 3 lens elements depending on requirements 

ðGalilei > no internal focus 

ðKepler > spacial filter possible 

Åbeam waist radius scales invers to divergence angle 

Åwavefront maintanance 

Ålens material depending on the wavelength 

Åadjustable divergence 
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Zoom Beam Expander 

Å input aperture 18 mm 

Å magnification 1.5 ð 2.5 

Å fully diffraction limited 

Å total length remains constant 
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F-theta scan lens 

Åyô = f * theta [rad] 

Åflat field at the image plane 

Åwhile standard focusing lenses deliver a 
focused spot to only one point, scan lenses 
deliver a focused spot to many points on a scan 
field or workpiece.  

Åtypical applications: 

ðlaser materials Processing, e.g. marking, plastics 
welding, trimming, structuring of thin film solar cells 

ðrapid manufacturing, e.g. laser sintering, rapid 
tooling 

ð.................................. 
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F-theta scan lens ð single element 

XY Scanner 
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F-theta scan lens ð single element 


