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Project title:  

Automated device to measure subsurface damage depth of order 5-100 µm in ground optical surfaces 

Engineering discipline(s):  

ME 

Required skills, materials, & equipment:  

Skills:  

Expertise in materials and their characterization. Optical measurement. Mechanical fabrication, with 

fluid pumping and ideally computer control.  

Materials:  

Fine diamond-based slurry (size ~ 0.25 µm) for making craters. Etchant. Glasses of varying hardness. 

Equipment:  

Polishing machine? 

Background & motivation:  

What is the current situation, and how would this project improve it? 

One of the most important parameters in optical manufacturing of precision glass surfaces is to know or 

estimate the depth of material that must be removed in order to remove any and all prior subsurface 

damage (SSD) on the surface. Subsurface damage is generated when a glass surface is ground by a larger 

abrasive, and consists of a network of cracks penetrating into the surface. The depth of these SSD cracks 

is from 5 to 100 µm. Any subsequent finishing or polishing operation must remove this SSD layer. 

Clearly, removing too much material is economically detrimental. Removing too little material ensures 

that the SSD layer will remain. Hence, the need for measuring SSD. 

The majority of existing SSD measurement schemes involves digging a shallow crater into the ground 

glass surface. The crater should penetrate past the deepest SSD, and will thus leave a “halo” of SSD 

around the rim of the crater. Measurement of the geometry of the crater allows the extraction of the 

SSD depth. 

In order to reveal the SSD fully, often the glass surface is slightly etched (with a HF/H2O solution) for a 

few minutes prior to the creation of the crater. 

Existing “crater” methods use a magnetorheological spot or a linearly-graduated trench. Both these 

methods use a dedicated, expensive MRF platform. This is not economical. 

 



Another consideration is the extent of SSD. For a depth of, say, 100 µm into the surface, the crater has 

to be deeper than this depth. Although a soft glass can easily be polished to create such a crater, harder 

glasses, such as fused silica, or optical ceramics, such as sapphire, are much harder and thus require a 

longer time to create the crater. Hence the need for automating the crater formation. 

Objective:  

What does the project hope to accomplish? What applicability will it have, what risk and promise does it 

bring, and what intellectual property will it likely generate?  

The objective of the project is to design, build, and demonstrate a prototype of a desk-top, inexpensive 

SSD tester, based on a previous design called “the COM ball method.” In order to expedite the crater 

creation, it is surmised that the creation of the crater should not be hand-driven, but, ideally, motor 

driven. The measurable SSD is expected to be in the range 5-100 µm. A measurement error of ±10% is 

very desirable, but an error of ±20% is acceptable. 

Deliverables:  

What specific products should the project produce, and when? What will be the criteria for success?  

- Several conceptual designs (solid model of each) for a SSD measuring device 
- Decision matrix for best design 
- Working prototype of best design 
- Solid model of final design 
- Detailed assembly and part drawings of final design 
- Ideally, building and demonstration of final design 
 
Recommended team size:  

3 

Mentors:  

Please include contact information 

John Lambropoulos 
585-275-4071 
JCL@me.rochester.edu. 


