Lab 6 – Inspection of Optical Components

Background

When either raw glass or a finished element is ordered from a manufacturer, specifications on certain tolerances are required.  Even though the manufacture said it was going to meet those specifications, it is up to the receiver to inspect all parts and ensure the tolerances were met.  These tolerances are specified by the optical engineer, on a drawing such as the ISO 10110.  During this lab, we will be looking at several of these ISO 10110 specifications.

Cleaning

This should be pretty self explanatory why this is important.  There are several ways to clean optics, such as solvent wipe, ultra-sonic baths, blowing compressed gas to remove particulates and CO2 sublimation of debris off the surface.  However, the most common cleaning technique is using a liquid solvent with a low boiling point (evaporates quickly).  Some of the most common liquids solvents are isopropyl alcohol (propanol, IPA), ethyl alcohol (ethanol), and acetone (be careful when using with plastics, will cause them to crack, such as lightweight eyeglasses).  Safety precautions:

1. Always wear gloves so you don’t a) get finger prints on the cleaned optic and b) absorb any of the solvent through your skin

2. Clean in a well ventilated area

3. Never clean around an open flame

4. Always use fresh chemicals from well labeled containers that are designed to hold them

Cleaning procedures:

1. Wash and clean your hands before any inspection

2. Remove any visible debris from the surface by gently brushing the optic with the back of your hand

3. Place a small amount of IPA on the optic or on the cleaning instrument

4. Starting in the middle of the optic, using circular strokes, slowly wipe clean the optic using lens paper

5. Repeat as necessary

Note: This assumes that you know the optical material won’t be damaged by either the physical cleaning or the solvent material.

Birefringence

Birefringence in optical glass is caused by stress inside the glass itself.  This is can be a residual effect from the thermal variations during the glass pour.  Depending on how well the original pour and subsequent annealing is controlled, birefringence can be extremely low.  Birefringence is specified in nm/cm, which indicates the amount of retardation per cm length.  One can measure the amount of the birefringence in a part by placing the part in a polariscope.  The color changes due to increasing stress appear to go from longer wavelengths (red-orange) to shorter wavelengths (blue-green), repeating itself until it dies out around the 4th or 5th order.

1. Plug the light box in (the alternating black and white strips provides better visual feedback)

2. Place the larger polarizer on the light box

3. Place the first sample on the polarizer 

4. Place the smaller polarizer next to your eye and rotate

5. Note any color changes

6. Repeat for the different samples

a. For the 1” optic in the holder, inspect how the optical holder is inducing stress from the set screw. What would be an easy way to reduce the stress that the hold is placing on the optic?

Inhomogeneity/Striae: Concave B, G, J

Inhomogeneity and striae are some of the most common internal defects in glass.  However, like birefringence, today’s glass companies are extremely careful with their glasses and these defects are usually absent in modern glass.  For mirrors, these two defects, along with other internal defects that are thermally and mechanically stable (unlike stress-induced birefringence), are of no importance.  However, for optics used in transmission, they are of great concern.  However, most optics during fabrication or verification are tested in reflection, so one needs to make sure that lenses are also tested in an interferometer in transmission as well as in reflection.  For this lab, we will just qualitatively classify internal defects.

1. Place a diffuser in front of the light source (why do we do this?)

2. Place a pinhole in front of the diffuser

3. Place the optic past the pinhole and observe any variations

a. Does this only look at internal defects?  How would you neutralize surface defects? 

Fluorescent inspection/darkfield illumination: A, D, I, only A for PSM 

For finished surfaces, surface quality is an important requirement.  Depending on where the element is used, the surface quality could be really important or just a cosmetic concern (where does the surface quality matter more, at the pupil or image plane?).  Surface quality inspection is specified as a scratch/dig requirement and is performed simply by looking, very carefully, at the optical element.  Since the inspector is already looking at the element, he/she typically also looks for other defects, such as fractures and bubble inclusions.  Some techniques are better than others at noticing defects; therefore we will use several techniques to inspect the physical surface of our optic. For surface imperfections that might be really small, it is often difficult to notice them under normal lighting conditions, but extremely visible in darkfield scatter illumination. Finally, most optics will need to be mounting in one form or another, which in the case of most transmission optics, the edges of the optic will be covered by the mount. It is because of this that most optics also have a “clear aperture” specification that states how much of the optics aperture must meet all other specification. This spec is normally in the range of 85% to 95% of the optics full aperture.

1. Look at the sample under normal top down fluorescent lights

2. Count the number of scratches and digs that fail a 80/60 requirement (you can use a scratch/dig paddle to help quantify, but be careful not to damage the paddle)

3. Count the number of bubbles and other internal inclusions that can be seen

4. Repeat #2 using darkfield scattered illumination

5. Now image the sample using the PSM.  Using the calibrated scale, find and measure the largest scratch and dig on both sides of lens H.  About how many defects are located within 90% of the CA?  Note that the PSM, and any other conventional microscope, is limited to only lateral inspection

1. Using the stereoscopic microscope, look at the 5 different diffusers.  Order the diffusers from finest to roughest surface quality (5µm, 9µm, 15µm, 25µm, 40µm)

2. Use the optical comparator to measure the edge flat on the concave side of lens C.

Physical Dimensions: Meniscus

Measuring and inspecting the physical dimensions of a part are important because the physical dimensions typically correspond to the mechanical dimensions of the lens.  For most scenarios, lenses will be mounted and measured using the mechanical surfaces.

1. Measure the diameter of the optic

2. Measure center thickness of the optic.  Use a dial indicator to measure the difference between a reference surface and the vertex dimension.  How would you measure the CT for a bi-concave lens?

3. Measure the roundness of the optic (record as TIR/2 using the 5 constraint structure of Lab 3)

Radius of Curvature: H, Meniscus

A spherometer is a useful tool for quick radius measurements, both while fabricating the part and verifying finished optical elements (one must be careful not to scratch surface of finished optics).  A spherometer, however, only measures the sag of a surface, so there is no information about aberrations (such as astigmatism, in which there are different radii of curvature for different radial directions of the optical element) or about aspheric departures such as conic constants.  When using a spherometer, you should try to use the largest spherometer that can fit onto an element.  For example, if you have a 4.5 inch optic, use a 4 inch spherometer, but if you have a 4 inch part, use a 3 inch spherometer.  The spherometer that we will be using will be a 3 inch diameter spherometer with ¼ inch ball bearings. 

1. Zero the spherometer on a flat (use the granet table)

2. Gently place the spherometer, one ball at a time, on the test optic.  If the test optic is flat or convex, back out the center measuring ball so that you don’t ding the surface

3. Rotate the micrometer until you contact the surface.  The weight of the spherometer should be equally distributed on all 4 balls.  You might want to try backing off the micrometer a half turn and making contact again to see if you have repeatability with measurement.
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Fizeau Interferometry: B (use together), H, 6in Radius (use flat side)

The Fizeau interferometer that we will use in lab is probably one of the most basic interferometers.  A Fizeau, like any other interferometer, compares the OPD between the reference and test arms, except that for a Fizeau, the reference and test beams are coincident with each other.  For this simple interferometer, we will use a reference optic with a known radius and surface error.  We will then place the test optic on top of the reference optic and observe the fringes.  The two arms of the interferometer then are reflections off the bottom surface of the top optic and the top surface of the bottom optic.  Since the fringes from the bottom optic travel twice the surface separation and 1 wave correspond to 1 fringe, a single fringe corresponds to λ/2 surface PV irregularity.  If the surfaces match perfectly, then there will be no fringes; there will either be a single bright or dark fringe (if there is only a single dark fringe, where does the light go?).  However, if we add tilt, then straight lines will be formed.  Any OPD variation, which will in turn be surface variation, will cause the lines to deviate from straight lines.  For static Fizeau images, it is impossible to tell if the deviation of the fringes stems from a “hill” or a “valley.”  However, if you change the amount of tilt in the part, you change the OPD between the two surfaces and the fringes move.  By observing which way the fringes move with a change in the tilt, you can tell the 3D profile of the optic.
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1. Turn the source on

2. Place the reference optic under the light, reference side up, and make sure the surface is clean

3. Place a piece of lens paper on top of the reference optic

4. Carefully, place the test optic on top of the lens paper, test side down

5. With the optics in full contact, gently pull on the edge of the paper, slowly sliding the paper out from between the two pieces of glass.

6. Gently push, pull, press or lift on the test surface

7. Note which way the fringes move.  Is the localized defect a valley or a hole?  Is the edge turned down or turned up?

Notes on Fizeau

As the center note above states, the fringe spacing between the two surfaces is constant, that is, if you project the fringe onto the test surface and trace the OPD between the test surface and the reference, it will be a constant.  If you have a static image, you cannot tell if this deviation is a hill or a valley because you do not know which way the wedge angle is in the part.  However, if you induce a wedge in the part, then you can see which way the fringes move.  If you increase the wedge (pull on the optic), then you are effectively adding a valley (increasing the OPD) between the two parts.  If the entire fringe pattern moves in the same direction as the initial fringe deviation, then the original deviation is a valley, opposite direction is a hill.  The same is true if you decrease the wedge (push on the optic), but now the same direction is a hill and opposite direction is a valley.
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