Irma A. Nicholls		April 7, 2009
Mount for Laser Diode and Beam Shaping Optics
Preliminary Design Review
Problem: To mount a plastic aspheric lens, and a pair of anamorphic prisms in front of a laser diode to create a circular beam. The components should be integrated in a single assembly. The final mount should be circular and no larger than 1 in diameter, compatible with Thorlabs SM1 threaded mounts. The circuit board in the back of the laser is 15 x 10 mm. The mount should enclose the circuit board and allow a 3 mm diameter wire bundle to come out of the back. The beam should come out of the center of the mount. The design should consider alignment stability for packing and shipping. 
[image: ]Optical Requirements:
[image: Diode Collimation]The beam diameter (1/e2) at output of mount = 5 mm  
 (
5 mm
)Laser wavelength = 405 nm
Laser operating power: 120 mW
Laser diode used: Nichia NDV4313
       Laser divergence before beam shaping optics:
                   - Perpendicular: 19° 
                   - Parallel: 9°
The laser datasheet is included below.
The beam deviation coming out of the mount should be < 0.1 °
Mechanical:
· Circular mount, maximum mount diameter = 1.0 “
· Permanent, stable alignment
· The light should come out of the center of the mount
· Mount encloses the circuit board (15 x 10 mm) and wire comes out of the back 
Survival:
Operating temperature: 25°C ± 5°C
Survival temperature: -20°C – 70°C
Shock: 20 G
 Design Preferences:
To keep the cost of the design low, use off-the-shelf optics. The following components are preferred because of their availability and low cost.
- Plastic asphere CAX046 from Thorlabs 
- PS870 - Unmounted Prism Pair, Uncoated 
Design Concept
 (
Lens Mount
)The design of the mount for the laser diode and beam shaping optics consists of using a barrel, 25 mm in diameter and designing a mount for the anamorphic prisms, the collimating lens and the laser diode, that can be aligned outside and then mounted inside the barrel. The lens mounts and the barrel will be made out of anodized aluminum if this meets the requirements; if not, stainless steel is the second choice.
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Figure 1. Design Concept

The Collimation Lens
The typical angle of divergence of the laser diode is 19.5° x 9° (FWHM) . This corresponds to an NA of 0.17. to produce a 5 mm beam with this NA, the focal length  of the collimation lens should be 14.55 mm.  
It is of interest for this design that off-the-shelf components are used to lower the cost. The initial recommendation was to use a plastic aspheric lens. Molded plastic aspheric lenses are cost effective to design only if the volumes are high (> 10,000). This application assumes that the volumes will not be as high, so designing custom made collimating lenses would not be cost-effective. Having a molded glass asphere might be a better option although the unit price of these lenses is much higher than that of the plastic aspheres. The lens options are outlined below.   
	Collimating Lens
	Price
	Focal Lengths Available – NA
	Beam Size
(mm)
	Anamorphic Magnification Required

	Plastic Aspheric Lens
	$ 4.20
	
12.1 mm – 0.12
16 mm – 0.14
18.33 mm – 0.12
	4.16 x 1.90
5.5  x  2.52
6.3 x 2.88
	2.19
2.18
2.19

	Molded Glass Asphere
	$ 84.00
	13.86 mm – 0.18

	4.76 x 2.18
	2.18


Table 1. Collimation lens options.
The plastic aspheric lenses do not have enough numerical aperture so they would not be options after all. The molded glass asphere is more expensive, but is seems to be the best option. This lens has a anti-reflective coating, for 400-600 nm. The curve for this coating appears below.
[image: ]
The typical beam diameter would be 4.76 mm, but the laser diode has enough variation, since the values used for the calculation are typical, but according to the spec sheet the divergence parallel to the junction could vary from 7° – 12°, and perpendicular to the junction is 15° to 23°. The laser diodes could be tested and selected to have a consistent beam divergence. 
The diameter of the collimation lens is 6.325 mm and the center thickness is 3 mm. Since this lens is small, it will be mounted in a cell to provide a hard surface for assembly and alignment. The lens cell will be mounted to an outer cell that has set screws to center the lens (figure 1). The cell is part of a mount that goes into the barrel shown in figure 2.  The set screws will be filled with adhesive after the alignment is complete.
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Figure 2. Collimation lens cell.
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Figure 3. Lens Cell Mount
The Anamorphic Prism Pair

The mount for the prisms will be similar to that used by Thorlabs in their anamorphic prism pairs. The mounting surfaces fit into the barrel and provide the correct angles for the prisms. 
[image: http://63.161.211.69/Anamorphic%20Prism%20Pairs%20Drwg.jpg]
Figure 4. Anamorphic Prism Pair mount
The prism will be adhered to the mount using Summers Milbond adhesive. According to Vukobratovich this is the best option for mounting glass to metal. 
· The anamorphic prism pair requires a similar AR-coating to that of the lens.
· The prisms require angles of 23°, and 6° to achieve the required magnification.

The laser diode 
The laser diode mounts to a mount in front of the lens. The laser diode circuit board is in the back of the diode and fits into a cut in the mount. The laser diode should be rotated to the right orientation before it is attached to the circuit board so that its small direction is in the plane that the prisms expand. There is a spring between the mounts to control the distance between the lens and the diode for collimation. The concept is shown in figure 4.
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Figure 5. Laser diode mount







Appendix
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