Shear plate collimation testers
A shear plate is a very simple interferometer, using interference between two wavefronts to generate a fringe pattern containing information about the wavefront of the incident beam.  Shear plates can be used to adjust a laser collimation system, measure a wavefront’s radius of curvature, determine wavefront symmetry, measure the power of long focal length optics, and in some cases analyze wavefront aberrations. 

Shear plates are thick, high quality optical flats, generally oriented at 45° to the test beam.  Wavefronts reflecting from the front and back surfaces are said to be “laterally sheared”, i.e., offset with respect to one another due to the finite thickness of the plate.  Interference occurs in the region where the wavefronts overlap, as shown in the diagram.  CVI Laser Optics uses high quality wedged N-BK7 shear plates with λ/20 surface flatness (at 633 nm) to produce a gradual path difference between the front and back surface reflections.  Consequently, a parallel beam of light produces a linear fringe pattern where the reflections overlap.  Our SPM shear plate collimation testers use shear plates mounted in a housing containing a viewing screen to simplify visualization and measurements of the fringe pattern. 

A perfectly collimated beam will produce equally spaced fringes parallel to the reference line on the viewing screen.  A beam that is reasonably close to collimation will still produce equally spaced fringes, but they will be rotated with respect to the reference line.  The wavefront radius of curvature of the beam can be calculated using R = sδ/(λsinθ), where s is the shear distance, δ is the fringe spacing, and θ is the angle of rotation relative to the reference line. For CVI Laser Optics shear plate modules, a convergent beam will produce a clockwise rotation, while a divergent beam will produce a counter-clockwise rotation when viewed on the display screen.  If the beam being tested overfills the viewing screen, it is acceptable to temporarily reduce the diameter of the beam with an iris to measure the shear distance, as s is not dependent on the beam diameter.
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CVI Laser Optics’ line of collimation testers consists of three sizes.  Modules with clear apertures 25, 50 and 85 mm are available.  In each case the wedge angle is chosen such that a collimated 632.8 nm laser beam filling the entire aperture will display approximately six fringes across the screen (more fringes will be visible for shorter wavelengths).  A minimum of one fringe is required in the interference region to adjust the collimation.  Since the size of the interference region is dependent on the shear distance, CVI Laser Optics shear plates require a minimum beam diameter of 5, 10 and 15 mm respectively.

To calculate the nominal shear distance, s, for our collimation testers, the following equation may be used, where t is the thickness of the optical flat:
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At θ = 45° and λ = 632.8 nm, for N-BK7 (n=1.518522), this reduces to:
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Shear distance for the optical flats offered by CVI Laser Optics is summarized below:

	Collimation tester 
	t (mm) 
	Shear, s (mm) 

	09SPM001 
	6 
	4.47 

	09SPM003 
	10 
	7.44 

	09SPM005 
	15 
	11.16 


Once the radius of curvature has been calculated from the fringe pattern, the divergence or convergence of a beam can then be calculated by dividing the diameter of the beam (or input aperture of the shear plate, whichever is smaller) by the calculated radius of curvature.

Using these methods, it is easy to see how a shear plate can be used as a simple visual detector for adjustment of a laser collimation system.  The high quality of our SPM shear plate collimation testers can even be used to set the divergence/convergence of a laser collimating system to less than 20 µrad.  It must be remembered, however, that the resultant beam is only truly collimated at the point of measurement, and that the wavefront will acquire curvature beyond that point.  Therefore a shear plate should only be used to set collimation, and thus locate the beam waist, at the center of the region of interest. 

Use of the SPM collimation testers is not limited only to visible wavelengths, as N-BK7 provides good transmission from 350 nm to past 2000 nm.  Sensitivity of the eye decreases rapidly beyond 780 nm, but can be augmented in the near infrared through the use of viewing devices like phosphor laser display cards, infrared image converters and CCD cameras.

