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Abstract:
Measurement systems for optical surfaces that lack axisymmetry are notoriously difficult
to align and have limited accuracy. This paper describes a technique that uses a single
CGH to act as null lens for measuring the aspheric surface, at the same time as it projects
alignment marks into space that can be used for aligning the test. By providing reference
features and the surface shape on the same hologram, we ensure accurate alignment. This
method can also be used for aligning systems with multiple surfaces.
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Creation of multiple images used for alignment

The computer generated hologram CGH provides a well known tool for controlling light for interferometric
measurement of aspheric surfaces. The CGH can create a wavefront with arbitrary shape using diffraction
from a pattern that is written using equipment developed for integrated circuit fabrication. Also, similar
holograms optimized for efficiency, usually called diffractive optics or binary optics are used as special
types of lenses in optical systems for imaging, laser projections, etc.

We are combining aspects of CGH metrology and diffractive optics to create holograms that produce
multiple wavefronts that have accurate registration. Using a combination of interferometry and direct
imaging, the light projected from a CGH can be used not only to determine the shape of an optical surface,
but also simultaneously determine the position of this surface. This technique can be extended to control
the relative positions of multiple surfaces. The basic idea is shown below in Figure 1, where the CGH
creates multiple images. The relative positions of these images is controlled to great accuracy by the
hologram. These images are located using detector arrays and the coordinates are transferred to a
mechanical system.

Figure 1. The CGH uses diffraction to simultaneously create multiple beams that each project a sharp image of a
feature such as a crosshair. The relative position of these images are controlled to very high accuracy in the x and y
directions. A calibrated digital camera is used to locate these features in space, then coordinates are transferred
mechanically from the camera to reference features.
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The CGH is designed so that the projected images appear as a crosshair patterns that can be easily found,
with a sharp central lobe that can be located with high precision. Figure 2 shows a simulated image from
such a hologram, 55 mm across. The central lobe of has FWHM about 100 µm at a distance of 15240 mm
from the CGH. (In angle this is 7.1 µrad.) By imaging this with a CCD camera and finding the centroid, it
is easy to find this image to a few microns.

Image Cross section of intensity profile

Figure 2. Image created from a 55 mm CGH, a distance 15 meters away. The hologram was optimized to give the
crosshair pattern with a sharp lobe at the center. The width of the lobe is about 100 µm, or 7 µrad from the CGH.

Alignment of interferometric tests

We couple this powerful ability of creating reference marks in space with interferometric surface
measurements. By manufacturing a CGH null lens on the same substrate as a set of holograms that create
fiducials, we are assured of accurate registration between the test wavefront and the projected cross-hair
images. This allows a simple test for non-axisymmetric aspheres, as shown in Fig. 3. This method was
successfully used to support manufacturing of a set of off axis parabolas at the University of Arizona.

Figure 3. A single substrate contains the CGH for testing the aspheric surface, and for aligning the test. The alignment
marks are picked up by CCD cameras and are used to define the coordinates of the optic. The surface is measured
using the test wavefront created by the CGH. The registration between these insures that the true axis of the asphere is
controlled, even though it is never directly measured.
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Optical system alignment using computer generated holograms

The technique of projecting numerous alignment marks can be used to align other complicated optical
systems. This builds on some early work in this field where we used a computer generated hologram to
provide the wavefront correction and alignment for an optical system that was built for testing the adaptive
secondary mirror for the 6.5-m telescope.1 The CGH used for this purpose is shown in Fig. 4.

A concept for using the CGH for alignment is shown in Figure 5. A single hologram creates multiple
images, that occur in multiple spaces. By making direct measurement of the image positions, a true
coordinate frame can be established and the optics can be aligned with respect to this. The holograms can
be designed to compensate for any aberration that would come from the optics so that the projected features
are always sharp.

Figure 4. The hologram was used for simultaneous
two wavelength correction and 5 DOF alignment for
the optical system that tested the 64 cm adaptive
secondary mirror for the MMT.

Figure 5. A CGH can be used to create multiple images
that define a coordinate frame for a complicated optical
system.

The holograms can create images that are used not only for registration, but are used for low order
wavefront sensing. Particular images that have characteristic signatures for different aberrations can be
used to determine alignment. One simple example would be a pair of images with a small amount of
defocus between them. The combination of these two images can be used real time to determine
aberrations in the optical system. These can provide feedback for the system alignment. It is clear that the
basic technique has enormous power and flexibility that should be explored.

Conclusion

Computer generated holograms can be used not only to create accurate wavefronts that are used for optical
tests, but also to accurately project shape images that provide information for optical alignment. We have
explored some early designs and have done some testing in the laboratory, but the power of this method has
not yet been exploited.
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