
Chapter 6
Metal Films and Filters

6.1 Mirrors

The first films produced by vacuum deposition—as we know it—were aluminum
films for mirrors made by John Strong in the 1930s; he coated mirrors for
astronomical use. This chapter discusses the reflective qualities of mirrors, not the
optical qualities. The films can be applied to virtually any material as long as the
shape of the blank does not bend too far because the coatings lose their reflection
at severe angles. Also, the surface needs to be polished or smooth drawn.

The metals used for most reflectors are gold, silver, or aluminum. There are
advantages for each (Fig. 6.1). If a mirror is to be used only from 700 nm to the
far-infrared spectrum, then gold is a good choice. For the visible and most of the
infrared spectrum, the highest reflection is achieved with silver. Aluminum is a
good choice if durability is a concern; it is also the only choice for the ultraviolet
spectrum (Fig. 6.2).

6.2 Overcoats

Protection of a mirror surface is a necessity for most applications. Adding one
layer of any index of refraction to a metal surface reduces the reflectance for the
whole spectrum except at one wavelength. If the overcoat is thin (in comparison
to the wavelength), the loss may be neglected. For instance, a gold mirror used

Figure 6.1 The reflectance of bare metals.
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Figure 6.2 Protected aluminum.

at 10 µm can have a covering of hafnium oxide and still have practically full
reflection.

Millions of protected aluminum mirrors have been made. The metal layer
is covered with silicon dioxide (quartz) to preserve the reflectance at about
550 nm. The thickness of the quartz overcoat is an effective halfwave; the
surrounding wavelengths suffer some minor loss of performance. Figure 6.2 shows
the reduction for a visible mirror. To preserve the reflection, another higher-index
layer is added, and the thickness of the quartz overcoat is reduced to an effective
quarterwave; the high-index layer is a quarterwave thick. This structure is an
enhanced mirror, and the reflection can be substantially increased with the proper
choice of materials (Fig. 6.3). Refractory oxides such as TiO2, Nb2O5, Ta2O5,
ZrO2, HfO2, and Al2O3 with SiO2 are used in various areas of the spectrum to
advantage (Fig. 6.4).

Same-layer structures with transparent high-index materials give good
performance for the ultraviolet spectrum. The improved spectral zone can be
shifted to make a desired area higher in reflection; the mirrors can be optimized for
use at 45 deg (Fig. 6.5); however, polarization of the light needs to be considered.

Figure 6.3 Enhanced aluminum for the visible spectrum using Nb2O5.
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Figure 6.4 A comparison of aluminum, protected aluminum, and enhanced aluminum
using HfO2 with low absorption for the ultraviolet spectrum.
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Figure 6.5 S- and P-polarized reflectance of aluminum and a two-layer-enhanced
aluminum design at 45 deg using absorbing HfO2 for the ultraviolet spectrum. The thick
lines are for two-layer-enhanced aluminum; the thin lines are for aluminum. The highest
reflection curve (in each pair) is the S-polarized reflectance; the lowest reflection curve (in
each pair) is the P-polarized reflectance.

The wavelength zone for maximum performance is restricted for the two-layer
overcoating and is quite narrow for a four-layer type, as shown in Fig. 6.6.

To increase the reflection of the wavelengths below 220 nm, either fluorides or
Al2O3 must be used. I used MgF2 combined with Al2O3 instead of SiO2 for the
low-index layer (Fig. 6.7). To achieve this type of performance, during the metal
deposition the vacuum must be in the low 105 Torr range and the deposit should
take less than 5 seconds. A 5-nm layer of MgF2 is quickly added to the Al film
to seal it from oxidation, the substrate is heated to ∼100 ◦C, and the remainder of
the films is then added. The design is 60-nm Al 0.58 qw L plus quarterwaves of
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Figure 6.6 S- and P-polarized reflectance of aluminum and a four-layer-enhanced
aluminum design at 45 deg using absorbing HfO2 for the ultraviolet spectrum. Thick lines
are for four-layer-enhanced aluminum; thin lines are for aluminum. The highest reflection
curve (in pairs) is the S-polarized reflectance; the lowest reflection curve (in pairs) is the
P-polarized reflectance.
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Figure 6.7 S- and P-polarized reflectance of aluminum and a four-layer-enhanced
aluminum design at 45 deg using Al2O3 and MgF2 at 193 nm. Thick lines are for four-
layer-enhanced aluminum; the thin lines are for aluminum. The highest reflection curve (in
pairs) is the S-polarized reflectance; the lowest reflection curve (in pairs) is the P- polarized
reflectance.

HLH at 213 nm. The layers are quarterwave for normal incidence. I have not used
an ion source with these films, but the density of the layers improves when IAD is
incorporated; low power is recommended.
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6.3 Silver Mirrors

Silver mirrors yield the highest reflection for the visible and infrared regions. The
silver layer tarnishes easily, so it requires a durable protective overcoat. Further,
the silver layer has a tendency to lose adhesion to a very necessary sticking layer,
and finding the optimal sticking layer is difficult because it could take a month or
longer for the loss of adhesion to become apparent. Many times I thought I had the
answer, only to face problems a few months later. In the near-ultraviolet region,
the silver layers also have a problem of low reflection that is caused by surface
plasmons. If the silver layer is deposited from a boat, either with resistance heating
or a special technique of heating with an e-beam gun, the loss of reflectance is
minimized.

6.4 Protected Silver

For mirrors, the thickness of a sticking layer is not critical. If ambient light
is transmitted through the metal, the reflected light from the substrate never
completely penetrates the metal layer for any reasonable intensity of ambient light.
To seal the silver layer, a small thickness of high-index refractory oxide such as
TiO2 is deposited without an ion source or oxygen; the layer does not have much
of an optical effect but does stick quite well to the metal. The dielectric layers
following the seal layer are deposited with IAD. Films made with this technique
have survived for at least a few years and still pass the tape test and mil-spec
cheesecloth rubbing. Theoretical curves for silver, protected silver, and enhanced
silver are shown in Fig. 6.8. The lowest reflection curve is the protected type; the
middle curve is the metal. The enhanced coating consists of six layers:

5nmT 150nmAg 5nmT 0.7qwQ 0.97qwT 1.15qwQ.
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Figure 6.8 A comparison of silver, protected silver, and enhanced silver (from top to bottom
at 500 nm).




