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TRADE STUDY:    WHY  SILVER

M.Lampton, UCB SSL,   April  2002; updated July 2002

SUMMARY:   In this trade study I present and summarize the findings of the SNAP optics and spacecraft teams during 1999-2001 concerning the issue of which reflective surface treatment our telescope mirrors should receive.   The single highest priority desideratum bearing on the choice of mirror coating is the system throughput at the longest wavelengths where supernovae are the most distant and photons are the most precious.  A secondary consideration is to establish a low thermal emissivity for the mirrors so that operating them at a reasonable temperature, approx 290K, will not seriously impair our astronomical sensitivity in the near IR bands.    The most common coating for astronomical mirrors at visible wavelengths is SiO overcoated aluminum.  It offers outstanding durability and unmatched reflectance throughout the visible band, 0.4 to 0.7 microns.  A less common choice is protected silver, which is less efficient in the blue but more efficient in the red and near IR.  Our SNAP optical system needs to operate over a  wavelength range extending to 1.7 microns in the near IR, and has  four reflections.  The throughput therefore varies as the fourth power of the mirror coating reflectivity.   We have baselined the use of protected silver rather than protected aluminum owing to its higher reflectance in the near infrared. We note that the Gemini 8 meter telescope at Mauna Kea (1) uses protected silver for essentially the same reasons.   A comprehensive report on the Gemini work has been preprinted and published  by Jacobson et al 1998 (2).   Further examples of reflectance and throughput curves are included below. 

(1) http://www.gemini.edu/

(2)  http://www.gemini.edu/documentation/preprints/pre32.html

PROTECTED  SILVER  VS PROTECTED ALUMINUM

Bare metallic silver is poorly qualified as a reflective surface for two reasons: it  adheres only weakly to glass, and its surface tarnishes badly when exposed to the atmosphere.   For these reasons, silver requires extra care when used as a first surface reflective coating, as explained by Doug Miller of Northern Lights Optics (2000):

"Pure silver is not suitable as a coating as it has poor adhesion to most substrates and tarnishes quickly  if left unprotected. Coating designers have addressed these limitations and many coating facilities have developed durable protected silver coatings that do not tarnish and maintain high reflectance and low  polarisation. The details of the coating designs are typically not provided as they are considered proprietary by the vendors. 

"Adhesion of the silver is improved by adding a binder coat between the substrate and silver layer.   Tarnishing is prevented by adding a dielectric overcoat. An additional binder layer may be added between the silver and dielectric layer(s) to improve the adhesion between the silver and the dielectric  overcoat. The choice of binder coats is dependent on the substrate and the choice of dielectrics is dependent on the required optical performance and environmental requirements. 

"The Thin Films Group of the National Research Council were contacted regarding their capabilities with protected silver coatings. They described a successful coating process that has produced high  reflectance pin-hole free coatings. The process involves placing a binder coat on the substrate and applying the silver layer. The silver is then overcoated with a very thin layer of silicon (Si) by sputtering.   Oxygen is introduced to the chamber and a plasma is generated, completely oxidizing the Si to form a very dense, pinhole-free coating of SiO2. Additional SiO2 is then deposited to achieve the final required thickness. 

"Some highly reflective protected silver coatings have flight heritage. The FSS-99 coating from Denton Vacuum has flown on a number of space missions. The FSS-99 coating is a proprietary front surface  silver protected with multilayer overcoats with reflectance of 98% in the visible and 99% in the infrared. The coating meets a 24 hour humidity test along with the standard MIL-M-13508C requirements. 

"There is some data that suggest that silver coatings are susceptible to UV degradation. Viswanathan presents data that show that reflectance can be degraded in the visible region with UV exposure. The choice of dielectric overcoat affects the severity of the degradation. 

"Silver-based mirror coatings have also been developed for ground-based astronomy. Jacobsen described very high reflectance protected silver coatings developed for the Gemini telescopes (a joint project of the US, Canada, Great Britain, Argentina, Brazil and Chile). These coatings have excellent reflectance over the vis-NIR spectral range and were designed to be deposited on ULE mirrors. "

-Doug Miller,  2000, Northern Lights Optics

Typical commercial protected silver mirror coating formulations are:

J.L.Wood  Optical Systems  type MPS-10

Opticorp Inc. Protected Silver

Denton Vacuum FSS-99

Oriel Instruments Protected Silver
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Fig. 2 Typical near normal idence reflectance of our metallic reflector coatings. The reflectance of the 79950 Bare Aluminum
Coating falls rapidly in the ultraviolet, when it's exposed to air.
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Oriel Instruments (www.oriel.com/netcat/VolumeIII/pdfs/v36metct.pdf) presents the figure shown above for comparison between the normal incidence reflectivities of common mirror coatings.   For the 0.35 to 1.7 micron SNAP band, silver with dielectric overcoat is the superior performer. 

Denton Vacuum has extensive mirror coating experience for space mission telescopes and their website (http://www.dentonvacuum.com/coatings/FSS99.html) illustrates a variety of specialized protected silver coating applications.

Other manufacturers report similar curves for their proprietary protected silver mirror coatings.  The following curves are from the Lambda/Ten website discussing the coating processes they offer  (http://www.mcphersoninc.com/lambdaten/coatings.htm):
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The chief problem with aluminum is the reflectance notch at 0.85 microns wavelength, at which the single reflection efficiency is about 80% at best.  A four mirror telescope raises this loss to the fourth power, i.e. 40%, which is a serious hit in the NIR where signal to noise ratio is mission critical.   We have concluded that our baseline choice of protected silver creates little or no mission risk while  significantly improving our on-orbit signal to noise ratio. 

Test coatings of durable silver onto glass blanks have been measured in preparation for the GEMINI mirrors (http://www.gemini.edu/documentation/webdocs/rev/rev-te-g0007.pdf)

and the reflectivity results are plotted in the figure below.   These data suggest that a reflectivity of 99% or greater is achievable, and for SNAP we adopt a surface-average  mirror reflectivity specification of 98.5% at one micron, and a mirror reflectivity goal of 99% at one micron.
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Recently, Thomas and Wolfe (2000 SPIE 4003 pp.312-323) have described a process for creating a multilayer metallic reflective surface that combines the best features of silver and aluminum ----

"UV-shifted durable silver coating for astronomical mirrors"  -- abstract:

"Silver has the highest reflectance of all of the materials, but it tarnishes in the presence of sulfides, chlorides, and oxides in the atmosphere. Also, the silver reflectance is very low at wavelengths below 400 nm making aluminum more desirable mirror coating for the UV region. We have found a way to prevent silver tarnishing by sandwiching the silver layer between two thin layers of NiCrNx, and to extend the metal's high reflectance down to 200 nm by depositing the (thin) Ag layer on top of Al. Thus, the uv is transmitted through the thin Ag layer below 400 nm wavelength, and is reflected from the Al layer underneath. This UV-shifted durable coating provides a valuable alternative to the aluminum  coating for telescope mirror coatings where high throughput and durability are important considerations. The throughput for a telescope with, say, six reflections from silver coatings is (0.97)6 equals 83% compared to (0.92)6 equals 60% for aluminum coatings, or 28% less. The use of silver coatings allows more photons to be collected by primary mirror. Aluminum also has a reflectance dip at 850 nm caused by inter-band transitions which is eliminated by placing the thin Ag layer on top. This paper describes a non-tarnishing silver coating having high reflectance down into the UV region. The average specular reflectance is 70% - 97% in the near-UV, 95% - 99% in the visible region, and >= 99% in the infrared region covering the total wavelength range 200 nm to 10,000 nm."
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