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CoatinG the  
Gemini telesCoPes  
with ProteCted  
silVer

Brief History of  
Reflecting Telescopes
In the 17th century, Isaac 
Newton built the first reflect-
ing telescope, which used a 
concave mirror instead of a 
convex lens to focus incom-
ing light and produce an im-
age without the chromatic 
aberrations inherent to re-
fracting telescopes[1]. The 
primary mirror on Newton’s 
telescope was ground and 
polished from speculum 
metal, a brittle alloy made 
from a mixture of copper and 
tin. Speculum was replaced 
in the 1850s with silver coat-
ed glass mirrors that were 
coated through the chemical 
process of “silvering.” The 
next revolution in astronomi-
cal mirror coating came in 
1930 after the invention of 
aluminum vacuum deposi-
tion[2]. Today, most modern 
reflecting telescopes consist 
of thermally stable glass that 
is vacuum coated with alu-
minum. Aluminum is favored 
by most optical astronomy 
telescopes due to its durabil-
ity and broad band reflective 
characteristics. In 2004, the 
Gemini Observatory became 
the first 8-m class telescope 
to coat its reflective optics 
with protected silver. Silver 
was chosen due to its high 

reflectivity of light and low 
thermal emissivity, especial-
ly at infrared wavelengths. 
The Gemini Observatory is 
made up of two of the larg-
est advanced optical/IR tele-
scopes available to astrono-
mers. The observatory is 
managed by the Association 
of Universities for Research 
in Astronomy (AURA). AURA 
consists of an international 
consortium of the U.S., Can-
ada, Chile, Brazil, Argentina, 
and Australia.

Gemini Telescope 
Configuration
The twin Gemini telescopes 
enable complete coverage of 
the northern and southern 
skies. Gemini North is located 
atop Maunakea* (4213-m), on 
the Big Island of Hawai’i, and 
Gemini South on Cerro Pa-
chon (2722-m), outside of La 
Serena, Chile. Each telescope 
consists of three reflecting 
surfaces that focus light into 

a science instrument. The pri-
mary mirror (M1) is an 8.1-m 
wide, 20-cm thick meniscus 
of low expansion glass with a 
concave hyperboloid surface 
(Fig. 1). Light gathered by M1 
is directed to the secondary 
mirror (M2). The M2 is a 1-m  
diameter, low expansion glass  
mirror with a convex hyper-
boloid surface. M2 reflects 
the light back towards a  
1.0-m hole in the center of 
M1 where a flat tertiary mir-
ror (M3) intercepts the light  
and directs it to a science in-
strument.

In 2004, the Gemini Ob-
servatory transitioned from 
an aluminum coating to a 
protected four-layer silver 
coating on the M1, M2, and 
M3 mirrors. All mirrors in the 
science path are now coated 
with a four-layer silver film 
consisting of 6.5 nm of nickel 

A time lapse image of Gemini North telescope. The Laser Guide Star 
(LGS) is seen propagating from the dome. The orange beam creates 
an artificial star that helps guide adaptive optics correction. Courtesy 
of Gemini Observatory/AURA Image by Joy Pollard.

*Maunakea is the traditional Hawaiian 
spelling of Mauna Kea, and has been 
accepted by the federal government.
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chromium (NiCr), 110 nm of silver (Ag), 0.6 nm of NiCr, and 8.5 
nm of silicon nitride (Si3N4)[3]. The first layer of NiCr is sput-
tered with nitrogen as process gas and acts as an adhesive 
layer between the glass substrate and the silver layer. The sil-
ver layer is sputtered onto the NiCr base layer with argon pro-
cess gas to a thickness of 110 nm. Next, the interlayer of NiCr 
is sputtered on top of the silver in a low power setting to apply 
only a whisper of material, 0.6 nm thick. Finally, the Si3N4 layer 
is applied by sputtering a boron-doped silicon target with ni-
trogen process gas. The NiCr interlayer provides nucleation 
sites that facilitate the growth of a dense and protective Si3N4 
layer[4].

Gemini Coating Process
Prior to coating any of the large optics at the observatory, the 
old coating must first be stripped from the substrate and the 
surface thoroughly cleaned. Surface contamination from dust 
or cleaning agents during the coating process allows for the 
formation of macroscopic pinholes, which are the main vec-
tors for coating degradation[5].

The mirror stripping and decontamination process requires 
the use of two acids to remove all four coating layers. Mirror 
stripping begins by soaking the mirror with a solution of hy-
drochloric acid (HCl) and cupric sulfate (CuSO4). This mixture 

fig. 2—Moving the 8-m primary mirror into the coating chamber at Gemini South. Courtesy of Gemini Observatory/AURA Image 
by Tomislav Vucina.

fig. 1—Mirror arrangement in  
telescope. Courtesy of Gemini 
Observatory/AURA Image by  
Thomas Schneider.
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removes the first three layers of the coating after 30 minutes 
of soaking. Next, the surface is rinsed with water and a solu-
tion of ceric ammonium nitrate ((NH4)2Ce(NO3)6) is applied 
to remove the NiCr base layer. Afterwards, the substrate sur-
face is scrubbed with a solution consisting of potassium hy-
droxide (KOH) and calcium carbonate (CaCO3) to neutralize 
the surface. The substrate surface is then rinsed with a nitric 
acid solution to remove any remaining contaminants. Finally, 
deionized water is poured over the substrate until the pH of 
the waste water returns to neutral. An airknife is then used to 
push the water off the substrate before contaminants are de-
posited.

Following stripping, the mirror is placed inside the vacuum 
chamber as quickly as possible to keep particulate contami-
nants from settling on the surface. In the case of M1, the sub-
strate is blown with carbon dioxide (CO2) snow as it is moved 
into the vacuum chamber. For M2 and other small optics, the 
substrate surface is cleaned with CO2 snow just prior to clos-
ing the vacuum chamber (Fig. 2).

The vacuum vessel has a diameter of approximately 9-m 
and a maximum height of approximately 6-m, giving a total 
enclosed volume of about 150-m3, between two parabolic-
shaped shells. The inside of the vacuum vessel is occupied by 
the whiffle tree, which evenly supports the weight of the mir-
ror substrate, and three permanent magnetrons (Angstrom 
Science and Gencoa). The mirror rests face up on the whiffle 
tree, which rotates underneath the magnetrons. The mirror 
whiffle tree is necessary to support the weight of the thin mir-
ror substrate during the coating process[6] (Fig. 3).

The magnetrons are mounted on three radial support struc-
tures, which are attached to the upper vessel and are used to 
sputter the three films. The magnetrons have effective target 
lengths of 1.15-m and widths varying between 0.15 and 0.25-m.  
The coating is applied in three concentric rings by moving the 
magnetrons radially to cover the 3.5-m annular radius of M1. 

The magnetron power is not changed between each ring; in-
stead the rotation speed of the substrate is adjusted to achieve 
the desired film thicknesses. Below the magnetrons, an open/
close pneumatic shutter is mounted to precisely define the 
coating area (Fig. 4). Additionally, a thickness uniformity 
mask is used to create a vari-
able pie slice shaped aperture 
for the plasma. Even though 
the inside and outside of the 
ring move at different lin-
ear velocities, the V-shaped 
uniformity masks ensure 
consistent thickness along 
the mirror’s radius. By vary-
ing the rotation speed of the 
mirror and shape of the uni-
formity masks, the thickness 
uniformity requirements of  
± 5% can be met in most  
cases[6] (Figs. 5 and 6).

fig. 4—Sputtering silica protective layer on the Gemini North 
primary mirror. Courtesy of Gemini Observatory/AURA Image by 
Thomas Schneider.

fig. 3—Coating chamber. Courtesy of Gemini Observatory/AURA Image by Tomislav Vucina.

fig. 5—Thomas Schneider and 
Tomislav Vucina inspecting pri-
mary mirror for pinholes after the 
Gemini North recoating. Courtesy 
of Gemini Observatory/AURA 
Image by Jeff Donahue.
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Mirror Maintenance
In order to maintain the high reflectivity and low emissivity 
necessary for critical science observations, each M1 under-
goes weekly CO2 snow cleaning and each M2 undergoes bi-
weekly CO2 snow cleaning. During the weekly CO2 cleaning, 
some dust cannot be dislodged from the mirror and accumu-
lates until an in-situ wash becomes necessary. Each M1 is also 
inspected periodically for water spots, which are promptly  
removed using deionized water.

When the mirrors become sufficiently contaminated, wash-
es are performed to remove contaminants. M1 in-situ washes 
consist of a standard contact wash with mops covered in cham-
ois fabric and neutral soap. This is followed by a rinse with 
deionized water and drying with portable air knives[7]. The 
reflectivity gains after a wash depend on the cleanliness of the 
mirror prior to the wash. The in-situ wash of M1 has been shown 
to raise the reflectivity by as much as 6.2% at 470 nm, 5.4%  
at 530 nm, 5.8% at 650 nm, 4.8% at 880 nm, and 2.7% at  
2200 nm[8]. In-situ washes at Gemini South are carried out 
yearly, due to large amounts of dust in the surrounding des-
ert. Gemini North in-situ washes take place on intervals of one 
year or more, as the volcanic dust around the summit area of 
Maunakea does not adhere very well to the mirror’s surface.

Protected Silver Durability
The protected silver coatings have shown great resilience to 
the environmental conditions present at both Gemini North 
and South. Tarnish on any of the Gemini silver mirrors was al-
most exclusively limited to the Gemini North M2 prior to its 
most recent coating. Before recoating in 2015, Gemini North’s 
M2 showed tarnish around the inner and outer edges, increas-
ing incrementally from one side of the mirror to the other. One 
potential cause of the rapid degradation of Gemini North’s M2 
may have been the SO2 and H2S emissions from the Kilauea 
volcano, 30 miles away. These emissions are mostly contained 

below the inversion layer, about 3000-m, though sometimes 
appear to reach the summit at around 4205-m. Since coating 
Gemini South’s M2 12 years ago, the surface has remained free 
of tarnish and lost reflectivity has been restored after both 
in-situ washes that it has undergone. The Gemini North and 
South primary mirrors have shown minimal tarnish as a result 
of minor contamination during the coating process. Tarnish 
on the primary mirrors manifests as small ~1 mm diameter 
areas at random locations on the surface. Overall, the silver 
coatings have surpassed their initial goal of a minimum two 
year lifetime.

To view a timelapse video of the Gemini telescope mirror 
coating process taken several years ago, visit https://www.
youtube.com/watch?v=bFiI680NShU. Further information about 
the coating process is also available[9].
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fig. 6—Thomas Schneider and Tomislav Vucina perform adhesion 
tests after Gemini North recoating process. Courtesy of Gemini 
Observatory/ AURA Image by Jeff Donahue.
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