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ABSTRACT

Exotic ElectreOptics recently conducted a basic evaluation of sthktee-art spnel material from the standpoint of

optical fabrication. The goal of this study was to characterize the behavsmvefalspinel sample as they passed

through a complete optical fabrication sequence. Overall, the material was found to be compatibéawettiional
fabrication processes. Methodologies used in the manufacture of heritage optical components were employed
successfully, without significant modification, in the fabrication of the spimiedows A standard antieflective

coating was used tooat polished spinel samples. Good coatmgubstrate adhesion was observed and the coated optic
exhibited the expected spectral performance. In this paper, Exotic E@utics reports on the results of this work
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1. INTRODUCTION

Exotic ElectreOptics (EEO) recently completed a comprehensive material evaluation ebfthteart spinel obtained

from three of the most prominent spinel material venddhés study was done as part of an internal objective to
determine the current state of the art in the marketplace for spinel optical material, especially pertaining to its
applicability as a substrate for infrared windows and domes.

Overall, the spinelampl| es were found to be compatible with conve
experience with hard materials, such as sapphire and AION, ensured that suitable tooling, machinery, abrasives, and
experienced personnel were readily employed. Aetya of methodologies used in the manufacture of heritage optical
components were employed successfully, without significant modification, in the fabrication of the spinel optical
samples.

Polished spinel samples were successfully coated with an bedined coating normally used for sapphire windows.
Preliminary results show the coating exhibited the expected spectral performance in the desired wavebands, with
excellent coatingo-substrate adhesion

2. DESCRIPTION OF EVALU ATION

All of the spinel samm@s underwent analogous optical fabrication processes in order to examine spinel processing
characteristics and capability. EEO performed a battery of tests designed to evaluate specific characteristics of interest
chosen in order to thoroughly characterihe spinel pieces from the standpoints of optical fabrication and ultimate
performance. These characteristics included a visual inspection by trained opticians, scratch/dig inspection and surface
mapping, surface roughness by optical and contact profitgnspectral performance by spectrophotometry, strength by
equibiaxial flexural testing, and index of refraction testing by ellipsometry.

*ibashe@exoticeo.com;phone 1 951 926619;exoticeo.com

Joseph R. Bashe, EEO; Douglas L. Hibbard, Ef@servatios during the fabrication of spinel optic&/indow and Dome Technologies and
Materials X| Randal W. Tussion, Voume 7302 Pager3020C 20

Copyright 20@ Society of PhotéDptical Instrumentation Engineers. One print or electronic copy may be made for personal use only. Systematic
reproduction and distribution, duplication of any material in this papex fee or commercial purposes, or modification of the content of the paper are
prohibited.

http://dx.doi.org/10.1117/12.818205




2.1 Preliminary Inspection

The spinel samples were receiviacstates varying from unprocessed raw blanks to materigdqdighed for inspection.
Generally, spinel is received in a raw, unprocessed state characterized by a rough, rippling surface which makes it
impossible to inspect for inclusions or test its#maittance.

All incoming samples were measured for surface roughness. Photographs of each sample were taken in order to record
the samplesd general visual appearance. The samples wer
beneard x 40 wide plates as this is an economical size for

2.2 Fabrication

The spinel samples were blocked using a technique which minimized deformation of the samples and ensured a flat first
side grind and polish. The samples wren ground using conventional grinding techniques, equipment, and abrasives.

A succession of smaller grit sizes was used in order to minimizeswstdce damage from grinding. Numerous in
process inspections of surface quality and figure were made ar twdconfirm that the samples were proceeding
acceptably throughout the process of optical fabrication.

Once the samples had been ground on the first side, the surface characteristics of the ground samples were evaluated. A
TalySurf contact profilometewas used to measure the surface roughness and a differential interference contrast
microscope was used to record the appearance of the surface microstructure. Visual inspections were performed by
trained optical inspectors in order to find any materigirocess induced anomalies.

The samples were then polished using relatively conventional techniques. As this work proceeded, we refined our optical
fabrication process. As with any material, spinel exhibits idiosyncrasies unique to the material whiehspepialized
optical fabrication processes suiting that material.

The surface characteristics were examined once again aftersidiestpolishing. Visual inspections, surface
photomicrographs, and surface roughness by MicroXAM optical profilometry aleemployed to create a detailed
picture of the spinel samples.

Second side fabrication was initiated by optically contacting each of the parts to a glass contact block. The parts were
then ground in a fabrication process similar to the first sideggsodescribed above. Finally, the samples were polished
in accordance with EEO standard practices and methods, and released for evaluation.

2.3 Postfabrication Evaluation

Af ter polishing, the sampl esd® char acnspeatdns phiotonscrogrdphy,i nt er
optical profilometry, and spectrophotometry were all employed. This assisted us in the development of an understanding

of the ultimate performance of these materials, as well as the establishment of a baseline from whigpare jgost

coating performance.

Each of the test specimens was then sliced into an equibiaxial strength sample. These samples were prepared and tested
in accordance with ASTM C1149. Testing was performed by an outside test laboratory, University of Riggarch
Institute.

After slicing the strength samples, the remaining spinel pieces were sent to J.A. W@allatmc. for index of
refraction testing. There we obtained a broad range of index of refraction data which, when combined with transmittance
data and reflectance data, gives us a detailed picture of spinel optical properties from each vendor.
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3. DATA AND ANALYSIS

Data are presented chronologically in groups, retaining the organization of the preceding description of the overall
evaluation effd.

3.1 Preliminary Inspection

As explained in the sectiobescription of Evaluationinvestigations began with visual inspections of the samples.
Figurel andFigure?2 are r@resentative photomicrographs depicting the difference in the visual appearance and surface
characteristics of incoming materials.

The raw material irFigure 1 was of a very coarse texture and a high degreer@dutarity. The inspection polished
material, shown irFigure 2, allows incoming inspection of material inclusions and haze. In the photograph, multiple
inclusions are evident throughout the bulk of the materidigiit hazy appearance characterizes the material. This hazy
appearance is quite common in spinel material

. s R ———
Figure 1. Representative photograph of rav Figure 2. Represetative photograph of inspection
unprocessed spinel material. polished spinel material

In Figure3 below, a photomicrograph of the surface of the unprocessed material is givemaphidied viewconfirms

the disorder and irregularity dhe surface visible to the unaided egirface photomicrographs of the inspection
polished spinel material are shownFigure4. This photomicrograph shows a surface that is generally polished, though
it still exhibits significant pitting.
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400um

ig ' 0 of raw, unpros Figure 4. Representative photomicrograph"
spinel material. 50X. polished spinel materiab0X.

Two of the inclusions seen Figure2 above are examined more closelyFigure5 andFigure6. In these figures, two

separte examples of inclusions near the surface of the inspection polished spinel material are shown. These inclusions
are quite large, the |l eft measuring 0.020 in diameter a
The chemical makep of these inclusions is not known, but they are thought to be artifacts of the material consolidation
process.

i 400um

400pm ° A 4
Figure5. 0.02" diameter inclusion on the surface of inspeci Figure6. 0.060 inclusion on th
polished spinel sampl&0X. sample. 50X.

Before processing, the mechanical di mensions of the sam
X 4.00 x 0.250 thick heorecivedltne mechanicdl wedge adboss4h daw samples kvasw
found to be anywhere from 0.0130 to 0.0780, while the
preliminary evaluations were complete, optical fabrication of the samples began.

3.2 Fabrication

During fabrication we took these materials of varying initial quality and condition and subjected them to proprietary
optical fabrication processes in order to examine their performance as deterministic, reliable opticalssubstrate
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Photomicogr aphs of the samples were taken after grinding
starting point for polishing. Representative photomicrographs of the-dmageed spinel surface are presente#igure

7 andFigure 8. One can easily see grains in the materidigure7, and grains were also observed-igure8. In these
largegrained samples, cracking at some of the grain boundaries was observed. Thegerintar crevices are
removed by polishing though they can leave hggemular pitting behind, as will be seerFigure25.

Figure8. Spinel, ground, 200X.

Figure 9 is a representative photomicrograph demonstrating the appeafaacgraund, smalgrained spinel surface.
This smallgrained surface closely resembles the nghi@nular spinel surfaces seen previously, eingle-crystalline
ground surface such as sapphire.

100 um 40um
Figure 9. Spinel, ground, 200. This shows surface Figure 10. Spinel, ground. 500X. This representati
morphology of a ground, smajrained spinel surface. photomicrograph shows the intgaanular surface morphology

In Figure 10, a representative photomicrograph is given showing the appearance of a single grain. This grain is raised
plateau seen at the centerFagure?7. It is apparent that the raised grain has h@anarized more than the surrounding
material. This shows that the granularity of spinel material affects its removal rate in grinding. Since the grain seen in
Figure 10 was higher relative to the rest of the spisarface, it follows that it has a lower removal rate that the
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