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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___N______ If yes, please list make and model of your microscope: ______________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Y______ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__________________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ______________________________
1. Introduction (Schematic Overview and Interview)

Conceptual Narrative:
The overall goal of the following experiment is to __use white light interferometry as quick method for measuring the topography of surfaces, which enables the determination of the amount of material lost during mechanical wear processes, or material etching processes such as ion sputtering craters.  ____. (Intro)
This is achieved by _obtaining three dimensional microscopic profiles of the test surfaces using conventional optical profilometry _. (P1)
As a second step, the images  which are obtained are processes using common software to determine the original undisturbed surface_______ . (P2)  

Next, __software measuring tools are employed_____in order to___quantitatively determine volume differences.________. (P3)
It is shown how the method can be applied to mechanical wear analysis – a wear scar on a test ball, a wear scar on a test flat, or the determination fo time-to-depth ion sputtering constants, or laser ablation.  __. (P4)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Author name _Erck________: The main advantage of this technique over existing methods, like stylus profilometery, or an estimate based on crater or scar size__, is that it is fast and accurate________.   

1.2. Author name _Baryshev___: Because the method produces a detailed three dimensional image, it is very useful for measuring irregular craters such as from laser ablation or ion beam sputtering. 

1.3. Author name _Erck________: Secondarily, in the field of tribology, the amounts of wear may be quitre small, and simple approximations based on visual optical microscope estimates may be extremely misleading.  It is actually quite necessary to obtain the actual shape of the deformed region if correct results are to be calculated. _.  

1.4. Author name _Erck_____: Though this method in this case has been used in our case for engineering and materials science, it can also be applied to other systems – even biomedical, for the study of cartilage surface, (cartilage prop) _.

1.5. Author name  Baryshev___: I first had the idea for this method, when we found other techniques just were not suited to the task; for example, atomic force microscopy was too limited in its range, or stylus profilometry was only one dimensional.   ____.

1.6. Author name __Erck_______: A visual demonstration of this method is useful because it gives people unfamiliar with the technique and idea of how it works.  This  may lead others to apply white light interferometry to their own field of study.  For example in thin film deposition, whether, sputtering, e-beam, or ALD, white light interferometry is often used to measure masked step heights to determine layer thickness.  ___.   

1.7. **Author name ________: Demonstrating the procedure will be ________ a _______ (technician, post doc, grad student) from my laboratory. (Add additional mention of demonstrators as necessary).  

1.7.1. Interview style: Author saying the above 

1.7.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
2. Hardware Alignment for a General White Light Interferometry Scan
2.1. The procedure will show the user how to measure the volume of a small wear scar on a ball using optical interferometry. This demonstration makes use of a Microxam 100 optical profilometer, in conjunction with SPIP analysis software.    
2.2. As with any interferometry experiment, the first step is to position the sample.  Place the place on the profilometer stage using any convenient and stable pedestal with the feature of interest facing upward.  (b-pedestal). 
2.3. Use a low-magnification objective and position the ball directly beneath the lens.  Adjust the vertical position of the specimen so that interference fringes appear near the center of the screen.  For a flat surface, tilt the specimen so that the plane is perpendicular to the optical axis. For a curved surface, orient the specimen so the fringes are centrally located around the feature.  (b-center).  
2.4. Turn the ball by hand or tilt the stage so that the wear scar is in view and is also horizontal (b-scar) to focus the instrument on the feature (into view).  
2.5. If available, use intermediate magnification steps to obtain an image in which the area of interest largely fills the screen.  Doing so improves resolution. (b-bestmag)
2.6. Scan the specimen according to instrument instructions (b-ballscan).  Adjust illumination and scan height in order to obtain the best topographic map.  Fill in any bad or missing data using the interpolate function, and then save the map.  If the map is examined, a three dimensional view should reveal a ball with an abraded area (b-3d)
2.7. The analysis of a curved surface requires removal of the curvature of the to obtain a plane with a depression that can be measured.  Open the profilometric map in the image processing software and choose whatever color scheme is desired, and select an area of interest that excludes the wear scar. (b-coloraoi). Here, the green shade denotes the excluded region.  
2.8. Select the software curve fitting tool that will remove the curvature, for example, polynomial 5th order. Require that it operate on the included area only so that the scar does not influence the curvature removal.  It may be necessary to run the fit several times to ensure the area is flat to nanometer level accuracy.  Here only one iteration is needed (b-flatten).  Also use the tool that sets the mean level to zero.  

2.9. The volume of the wear scar is measured in SPIP using the “measuring” tool.  Any shape can be used. Here, an elliptical measuring tool is used to circle the wear scar, and is shown in blue (b-measure2611).  The software should have a feature that totals the amount of material above the level plane due to roughness, and void volume below the surface due to wear.  In this particular example, the material volume is 197 cubic microns, the void volume is 2808 cubic micrometers, giving a net wear of 2611 cubic microns. 
2.10. If the surface quality is very bad, an estimate of the error can be made by moving the measuring region away from the wear scar and noting that the measured wear volume (which should be zero) is indeed vanishingly small (b-move).  

3. Volume Analysis: Flat Surfaces 
3.1. Volume analysis of the wear scar on a flat surface is more straightforward than for a ball.  To begin the volume analysis, obtain an image with a trench or scar on a flat surface. It is generally good practice to remove any specimen tilt. (d-trench). 
3.2. Scan the sample according to the instructions.  A groove should be imaged.  This shows an isometric view.  (d-3d).  

3.3. The resulting surface should be horizontal, but in the event it isn’t, mask the scar area (green) and apply a plane tilt correction to the rest of the surface, also set the mean height of the unmasked surface to “zero. “  In this example, the initial orientation was nearly perfect.  (d-leveltrench)

3.4. Use the measuring tool to determine the volume of the trench. (d-measuretrench).
3.5. The numerical results of this example are void volume of 47,018 cubic microns, a positive volume of 68 cubic microns above the surface, giving a net loss of 46,950 cubic microns.  This is the amount of material that is lost in that length of wear scar.  This volume must be multiplied by the appropriate factor to determine that total amount of material lost from the entire wear scar.  (d-volreadout)
3.6. In practice, it is often the case that surface material is only disturbed, and little material is actually removed from the surface.  An example is shown here in isometric view where the voild and material volumes are nearly equal. (s-3d).  
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