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Paper: Optical alignment using the Point Source Microscope by Robert E. Parks, Proc. SPIE, 58770B, (2005)
Abstract: This paper gives an introduction of an optical instrument PSM and its application on optical alignment, includes aligning mirror, lenses, and telescope system. It also gives comparison between PSM and similar alignment instrument like alignment telescope and autocollimator. 

1. Introduction
The paper first states the importance and difficulty of aligning optical systems. Alignment is one of the procedures that can improve the performance of the optical systems. Then it gives a brief introduction of how point source microscope (PSM) works along with its software. After then, it gives several examples of how the PSM is used to align various types of optical systems using contrasting alignment techniques. Finally it discusses how the PSM compares with other commercially available alignment instruments.
2. Description of the PSM

The PSM has a point source of illumination produced by the end of a single mode fiber pigtailed to a laser diode that is conjugate to the microscope object plane. The PSM is also a video metallographic, or reflected light, microscope using Köhler illumination to provide uniform intensity over the field of view, as shown in Fig.1.[image: image1.png]Point light source
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Figure.1 Layout of the PSM in the point source mode, and the photo of PSM

The PSM has two modes. First is the LED mode. The diffuse, Köhler illumination is used for metallographic imaging of opaque surfaces while the point source produces a cat’s eye retro-reflection from a surface at the microscope objective focus that produces a bright spot on a dark background on the video screen as seen in Fig. 2 (middle).
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Figure. 2 LED array in a 5x microphotograph using Köhler illumination only (left), point source only off a rough surface causing distortion of the retro-reflected spot and a software generated reference crosshair (middle), and both sources of illumination on the printing of a business card showing the retro-reflection from a non-specular surface (right).

The second is laser mode. The laser mode is also useful when trying to image a transparent surface with virtually no defects on which to focus. When the surface is in focus there will be a bright return from the point source retro-reflection even though no other surface detail may be visible in the image.
3. Alignment applications

3.1 Alignment of the PSM with a sphere

The PSM produces a retro-reflected spot when focused on a surface. When the PSM objective focus is at the center of curvature of a concave sphere, light will be reflected from the sphere at normal incidence and produce a focused spot at the PSM objective focus. The same is true for a convex sphere whose radius of curvature is limited by the working distance of the objective. The PSM then relays this spot back to the CCD detector as shown in Fig. 3. The difference between this point image and the retro-reflected spot is that the spot image from the center of curvature is sensitive to the lateral alignment of the PSM to the center of curvature as well as to focus.
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Figure.3 A well centered and focused spot on the detector (left) and poorly focused and centered (right)

3.2 Alignment of a simple doublet lens

The example below illustrates how the PSM can be used for alignment in cementing a simple doublet. As shown in Fig.4 (left), the flint is sitting on a cup on a precision rotary table. This element has been centered with the PSM so that the reflected images from both surfaces are stationary as the table is rotated. The rear (flatter) surface is viewed through the upper surface via an auxiliary lens to converge the light enough to get convergence of the reflected light. The crown element can be centered by either of two methods, see Fig.4 (right). The auxiliary lens may be used to view the center of curvature of the convex surface directly or the PSM can view the reflection off the rear of the flint as seen through the crown.
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Figure.4 Centering the flint half of a doublet using the PSM and a precision rotary table (left) and centering the crown to the flint (right)
3.3 Alignment of an Offner relay mirror system

This example gives the methods aligning an Offner replay mirror system (as shown in Fig.5a) using PSM. First, we put a ball at the common centers of curvature of the two mirrors. Then align the secondary mirror to PSM through an auxiliary lens, shown in Fig.5b. Second, move the PSM so it faces the primary mirror and align the PSM focus to the center of the ball as in Fig. 8c. Finally, use PSM focuses at the center of the relay image plane using the relay in double pass.
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Figure.5a Offner 1:1 relay wit ball at center of curvature             Figure.5b Secondary aligned to PSM via auxiliary lens
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Figure.5c Primary aligned directly to ball                                      Figure. 5d PSM locating Offner center of image field

3.4 Alignment of an off-axis telescope system
This example shows aligning an off-axis Riichey-Chretien telescope (shown in Fig.6) by using the other two PSM modes. 
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Figure.6 Simplified view of the off-axis telescope system in the example
3.4.1 Alignment of the telescope

The telescope mirrors were then aligned in two steps against a collimator, first the primary alone and then the combination of primary and secondary. Initially the PSM was positioned so that it was looking into the center of the primary with its focus at the center of the ball at the primary focus. Then the PSM was mounted looking into the telescope centered on the secondary mirror aperture with its focus centered on the ball defining the system focus. The main difference between this telescope alignment technique and those described previously is that by using aberrations as well as locations.
3.4.2 Alignment of the prisms in the prism housing
Next step is to align the prism housing which direct light from telescope to various sensors and to couple a display into the eyepiece. To align these various paths two fixtures were used, a projector that produced a converging cone of light that matched the telescopes f/11 focus and a mounting fixture for the prism housing that exactly simulated the mounting plate. This approach is shown in Fig.7 where the ball in the foreground represents the projector source; the joined base of the cones represents a positive lens to produce the f/11 cone that ends with the far ball at the conjugate focus, and in Fig.8 the prisms in the housing and the paths into which the prisms direct the beams.
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Figure.7 Location of the source projector relative to the prism housing Figure.8The various optical paths produced by the prisms in the housing with a ball centered at the focus of each
3.4.3 Alignment using the PSM mounted on a CMM
We can also use another method to aligning the prisms by mounting the PSM on the ram of a coordinate measuring machine (CMM) and use the CMM to position the PSM at the end of each path rather than use the fixture as we have just described. This method is time saving and requires less tight mechanical tolerances.
4. COMPARISON OF THE PSM WITH OTHER OPTICAL ALIGNMENT TOOLING
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Table.1 Comparison between alignment tools

5. CONCLUSIONS
This paper described the Point Source Microscope and shown its application on aligning optical systems. Compared to other alignment devices, PSM is practical, efficient, and flexible to a higher level of accuracy at a reasonable level of cost.
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