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Hartmann Wavefront Analyzer
■ Measure beam wavefront easily

■ Tune for beam collimation quickly

■ Inspect optical components conveniently

■ Capture wavefront coefficients quantitatively

The technology and benefits of wavefront measurement 

are well known in the optics community. Displaying 

the wavefront enables rapid and precise beam 

collimation. Measurement of the collimated flatness 

and capture of wavefront coefficients for insertion into 

other applications enables rapid inspection of optical 

components and comparing current components to a 

reference device or specification.

What is the wavefront?
Wavefront information is a valuable supplement to beam profile data. It provides the information necessary to predict possible future beam 

distribution. It also provides more detailed information on propagation characteristics of the beam in an optical system. Wavefront data can 

provide more precise information on a beam nearing focus.

The wavefront displays the direction in which a given segment of a laser or optical beam is traveling. It intuitively and directly displays which 

components in the beam are contributing to the beam eventually diverging from a straight line parallel collimated beam. In this sense, it 

presents a more detailed insight than simply measuring the divergence angle itself. The picture of the wavefront provides intuitive insight 

into beam structure. Calculations obtainable from a wavefront measurement provide quantitative insight into beam performance. 

Examples of a wavefront analysis. The remaining curvature 
existing in a flat wavefront of a beam at focus (left). The solid 

surface display of the same wavefront (right).

View and record real-time 
data results for either Zernike 
or Southwell (pictured) 
reconstructors. The number 
of Zernike polynomial 
coefficients calculated and 
displayed is selected in the 
Methods dialog box

Select a Zernike or Southwell 
(pictured) reconstructor 
wavefront presentation. Set 
the display wavefront to 
automatic or locked. Rotate 
the image 360° and tilt it 90°.

The Slopes display presents 
individual wavefront 
measurements at each CCD 
cell location. Set the display 
magnitude to automatic or 
locked. Individual slopes 
allow exact beam alignment.

The Intensity display 
indicates which part of the 
CCD array contains the signal
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How does a Hartmann Wavefront Analyzer work?
The Hartmann Wavefront Analyzer is constructed by placing an array of apertures in front of a CCD camera as shown 

in the figure to the left. These apertures allow light to diffract through the plate onto the CCD. The segments of the 

beam that pass through the apertures will land in a position displaced from the center position, based on the direction 

of travel, or the phase of that part of the beam. The CCD camera measures the phase of each spot by measuring this 

displacement. Software algorithms then reconstruct a wavefront for the entire beam.

Specifications Hartmann Wavefront Analyzer with a Cohu 4812 Camera
Specifications High Resolution Multi-Purpose High Sensitivity

Wavelength (nm) 1064 633 300 1064 633 300 1064 633 300
Aperture spacing (μm) 200 200 200 280 280 280 350 350 350
Spatial Resolution
# of Apertures X/Y 43/32 43/32 43/32 30/23 30/23 30/23 24/18 24/18 24/18
Single Aperture Slopes
Minimum Slope, RMS (microradians) 350 179 92 128 66 35 65 39 18
Maximum Slope (microradians) 32 15 8 23 11 6 18 10 5
Slope Dynamic Range 90 83 87 178 163 175 273 272 273
Full Array Wavefront Radius of Curvature
Minimum ROC (cm) 19 41 77 27 57 100 34 58 122
Maximum ROC (m) 18 34 67 48 93 175 94 159 333
RMS Wavefront Error (λ) 1/5 1/6 1/5 1/10 1/11 1/10 1/16 1/16 1/15
Maximum Phase Difference at Max 
Spatial Period (μm)

4.0 1.9 1.0 4.1 1.9 1.1 4.0 2.3 1.1


