Point Source Microscope
Assignment
The next case study is the design of a point source microscope.  Your team needs to complete the optical design for a PSM.  There are several system level requirements:

1. Be able to find the center of a ½ inch tooling ball with 5 (m of uncertainty.  In other words, the actual center of the ball should be within 5 (m from where the PSM is focused.

2. There needs to be enough power to visually align the system

3. When used as a microscope, you must cover a 0.35 mm by 0.35 mm field with adequate image quality with a Nikon 5X objective.  

4. The cat’s eye reflection must be within a circle centered on the sensor where the circle has a radius that is 5% of the short side of the sensor

5. You must be able to find the center of curvature of a surface with an AR coating that reflects 0.1% of the light

6. You may only use off-the-shelf optics, sources and sensors.  If it’s not in a catalogue with a part number, you can’t use it.

7. To simplify things, you should use a camera based on a CCD.

Default Tolerances
When assessing the performance of your system you should assume the following tolerances:

1. Mechanical bores used for centering will have a tolerance of -0, +25 (m

2. All spacings have a tolerance of ±25 (m.

3. The tilt on any element is 10 (m divided by the diameter of the lens 

Calculating Uncertainty
When calculating the uncertainty in the spot location, use the following assumptions

1. For lateral positioning, the uncertainty in finding the centroid of the spot is inversely proportional to the square root of the number of pixels that have an average irradiance that is at least 50% of the highest irradiance.  Once 20 pixels meet this requirement, no additional improvement in uncertainty can be gained by increasing the size of the spot.  This means that if five pixels are above the threshold, the uncertainty is 0.45 pixels.  Multiply this by the pixel size and the magnification to get the uncertainty in tooling ball space.  You should evaluate the spot when it is centered on a pixel and when it is centered at the corners of four pixels.
2. For longitudinal positioning, assume that a change in the longitudinal position of the ball can only be seen if the change in the RMS spot diameter is:
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Where (RMSd is the change in the RMS spot diameter and RMSd is the best focus spot diameter.  For example, look at a case where the RMS spot diameter is 3 pixels.  The uncertainty in the longitudinal positioning of the ball is equal to the shift in ball position necessary to make the RMS spot diameter 0.55 pixels larger.  If there is any asymmetry about best focus, you must use the worst case.  The goal was to define a simple metric that would work for cases where the wavefront error was small as well as large.  If you have a significant amount of spherical aberration in your spot, you need to make sure that the uncertainty results make sense.  Even if you meet the metric that I have given, I reserve the right to deduct points if your proposed solution doesn’t make sense.  Finally, if you can make a compelling argument that your system can do better than the metric given, I will consider using your metric to evaluate your system.  Please keep in mind that your argument needs to be compelling:  if there’s room for debate, the defined metric will be used.
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A system that meets the requirements will receive 200 points.  There are several opportunities to earn more points.  Based on the equations presented below, negative points cannot be added to your total.
1. Uncertainty.  For every half micron of uncertainty removed, you will get an additional 5 points.  This means that a system with 3.75 microns of uncertainty will get an additional 10 points.

2. Volume.  You are allowed to use up to four boxes to define the outline of your PSM.  For this case study a “box” is a six sided volume where each side is a rectangle.  Each box must be connected to at least one other box, and all four boxes must have a common coordinate system.  In other words, each side of a box will be parallel to two sides of each other box.  Figure 1 shows a view of what this would look like for the PSM in production.  Beam paths, optics, sources and sensors must be at least 4 mm from the side of any box.  If your source or sensor come as a pre-packaged system, you can have the edge of a box coincident with the package.  If not, the requirement applies to all circuit boards and connectors that come with the item.  If it requires any complex electronics to drive it (i.e. a laser diode) and you can’t find a board that can drive it, you can’t use it.  You do not need to include the things that provide power and control signals.  The edge of the box can touch the microscope objective as long as it fully contains it.  You must use the largest microscope objective you designed your system for.  There are 50 extra credit points available.  The extra points will be calculated with:
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Where EC is the extra credit and V is the volume of your four boxes in cm3.  For example, if your system takes up 250 cm3, you’ll get an extra 29 points.  

3. Axial Depth.  One of the issues with the use of the PSM is that you may want to have multiple tooling ball along an axis.  The ability to get the PSM between two tooling ball that are close together is desirable.  
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Where D is the minimum distance between the centers of two tooling balls that your PSM can fit between.  The two balls will be placed on the optical axis of the microscope objective.

4. Cost.  Since this system is going into production, the cost is a key parameter.  You can earn additional points by lowering the parts cost of your system.  You should only include sources, all optical elements that are used in your evaluation and the sensor.  You should not include the cost of the microscope objectives in your total.  This means that the cost of the mechanics and electronics should not be included.  When you total the costs, for every hundred dollars below $5,000, you get an extra point.  For every hundred dollars below $2,500, you get an extra 2 points.  This means that if your parts cost is $2,250, you’ll get an extra 29 points.
5. Field of View.  The larger the field of view, the better.  Usually the hardest part of aligning the PSM is getting light into the sensor in the first place.  The bigger the FOV the easier it is to do this.  The FOV extra credit is calculated with the Nikon 5X objective.  The FOV is defined as the length of the largest square that can be imaged with adequate image quality.  You must justify your definition of adequate image quality.  The extra credit is calculated using:
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6. Stray Light.  In the PSM, stray light can be a significant problem.  You must present a high level description of your stray light analysis and mitigation plan.  Your plan will receive an evaluation of “through”, “missed a few things”, “missed a lot” or “didn’t bother.”  The points associated with each rating are 30, 20, 10 and 0.  

Deductions
There are two ways to loose points.  The first deals with the assembly procedure.  For every degree of freedom (DOF) that you need in the assembly of your PSM, you will have 10 points subtracted.  The key issue is the number of DOFs and not the number of knobs that you turn.  For example, clocking something counts as one degree of freedom.  Centering something requires 2 DOFs.  Please keep in mind that anything that is held in place with screws and through holes will not the tolerances listed above.  If something is held together with screws and it does not need to be adjusted, you will have to tell me what tolerances you need and justify why it doesn’t need adjustments.
In addition to the losses for DOFs, I reserve the right to deduct points for things that I consider an oversight.  If, for example, I think that you left out a DOF in your assembly procedure, you’ll loose more than 10 points.  How much more will depend on whether or not the missed DOF is subtle or obvious.  Things that result in a design that would be unusable will receive a more significant deduction than an error that results in an inconvenience for the user. 

Deliverables

There are 5 deliverables for this case study

1. The optical design for your PSM.  You need to deliver the lens design file (Zemax, Code V, etc.) as well as a written document that records the design.  Since there are likely to be some folds in the design, this should be more than just a table that shows the radii, thickness, etc.  There should be some figure that shows where the different parts are and what their relationships are.  A SolidWorks file that has the correct part numbers in it is acceptable.

2. Bill of materials.  For all of the parts that go into your cost, you need to include the part number, vendor, a brief description and the cost.  If it comes directly from a catalogue or web site, you need to indicate this.  If you got a quote from a vendor, please attach a copy of the quote.  An e-mail from the vendor is acceptable.

3. A report that documents what performance you were able to achieve and the amount of extra credit you think you have earned.  I am the audience for this report, and you need to convince me that your score is correct.  An incorrect argument or calculation will not only reduce your score to what it should have been, but it will incur a deduction.  The files that you provide me should allow me to reproduce any of the results that you have.  Keep in mind that the easier you make it for me to reproduce your results, the more likely it is that I’ll agree with you.
4. Stray light plan.  This should be a report that documents what you looked at and what you’ll need to make sure that there aren’t any problems.  If there are any critical objects (we’ll talk about this), you need to explain what scatter properties they need to have in order for your system to work.  If you miss a critical object, it will be hard to get anything better than “missed a lot.”

5. An assembly plan.  It should tell me what DOFs you need, what sensitivity you need for the adjustment and how you will sense that the adjustment is correct.  This means that if you want a focus adjustment, you need to say what the smallest step size is that you need.  You also need to say how you will know that it is in focus.  You should include the residual errors in your performance analysis.  In addition, this plan should tell how you plan on putting things together and the order in which they will be done.  It should most likely be a step by step list of instructions.  Something like:

a. Lens A is inserted into a precision bore.

b. A spacer in then inserted.

c. Lens B is then inserted into the same bore.

d. A retaining ring holds the two lenses and the spacer in place

e. A beamsplitters is then bonded in place.

 At first glance it may seem that you cannot do this without a detailed mechanical design.  If this were true, it would be thinking about things backwards.  It is the high level assembly plan that should drive the mechanical design.  There are a number of things that don’t really matter, but some will.  In the example, should the beamsplitters cover the retaining ring, or should the retaining ring be on the other side.  In many respects, this assembly plan is one of the key things that an optical engineer provides for the mechanical requirements document.
Job Responsibilities

There are four people on a team.  They are the program manager, the systems engineer, the optical engineer for design and the optical engineer for assembly.

· Program Manager.  This is essentially the same as last time.  The PM is responsible to getting everything done.  In general, they don’t do a lot of the work; they make sure that the work gets done and that it meets the needs of the customer.  They should set the schedule, run meetings, keep track of action items and they are the ultimate judge when it comes to making decisions on the path forward.

· Systems Engineer.  For this case study, the primary responsibility of the systems engineer is to make the tradeoffs between the multiple goals for the PSM.  
· Optical Engineer for Design.  This engineer is responsible for modeling the optical performance of the various designs.  The systems engineer tells them what to model and they tell the team what the performance is.

· Optical Engineer for Assembly.  This engineer is responsible for developing the assembly and alignment plan.  They need to understand how the various pieces go together and how the tolerances impact the performance.  They also need to have an understanding of how the system is used so that the PSM provides the user with a useful too.
Figure � SEQ Figure \* ARABIC �1�.  Example of the four box volume for the existing PSM
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