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The reflectance of aluminum surfaces overcoated with LiF 
(Ref. 1) or MgF2 (Ref. 2) has been measured in the 1050-1600-Å 
region under ultra-high vacuum conditions and an improved 
procedure developed for the deposition of protective LiF and 
MgF2 covering layers. The stability of such coatings is of im
portance in developing mirrors for satellite based uv astronomy. 

Whilst it is well known that a clean aluminum surface has the 
highest reflectance in this wavelength region it is essential, in 
order to avoid oxidation of the aluminum, to deposit a thin pro
tective layer of LiF or MgF2. Although LiF has its short wave
length cut-off at 1050 Å it is slightly hygroscopic, and the ex
treme ultraviolet reflectance deteriorates markedly in a normal 
atmosphere.2,3 MgF2 is more stable against the influence of 
humidity but has its short wavelength cut-off at 1150 Å. Typi
cally, a layer thickness of 150 Å is used in order to optimize re
flection for the 1000-1100-Å wavelength region. 

By carrying out evaporation in a vacuum of 10- 1 0 torr slow 
evaporation rates for the coating could be used without oxidation, 
allowing the thickness to be controlled to within 5 Å. The alumi
num, of 99.99% purity, was evaporated onto nrepolished Pyrex 
substrates from multistranded tungsten helicoils in an ultra-high 
vacuum system. The initial pressure was about 2 × 10- 1 0 torr 
which rose to ~ 2 × 1 0 - 9 during evaporation of the aluminum at 
a rate of 10-20 Å/sec and dropped down again to below 5 × 10- 1 0 

torr within 30 sec after completion of the deposition. The thick
ness of the aluminum film was 700-800 Å, being the thinnest film 
still opaque in this wavelength region. 

The LiF and MgF2 used for these measurements were high 
purity crystals made by the Harshaw Company. Both tungsten 
boats as well as platinum boats were used for evaporation con
tainers with no difference in the final results. The LiF and MgF2 

were outgassed for several minutes and evaporated at a rate of 
approximately 10 Å/sec at a pressure of ~ 1 0 - 9 torr. No de
pendence of evaporation speed on reflectance could be found. 

In Figs. 1 and 2 the nearly straight line (1) around 90% repre
sent the initial reflectance of the aluminum mirror.4 The curves 
(2) in both figures give the reflectance of the aluminum mirror 
with a 150-Å thick coating of, respectively, LiF and MgF2 (Ref. 
5). The performance of the overcoated mirror is much less ef
ficient below 1300-Å wavelength than the original aluminum 
surface. This is due to the fact that the absorption coefficient of 
evaporated films of LiF or MgF2 is up to four orders of magnitude 
larger than that of a bulk crystal.3,5 The true absorption edge of 
LiF is located at 1050 Å for a single crystal, but additional ab
sorption processes extend this up to 1350 Å for an evaporated 
film, giving rise to the drop in reflectance shown in curve (2) of 
Fig. 1. The reasons for this increased absorption are not known. 
Etch pit studies to determine dislocation densities in LiF films6 

less than 1000 Å thick did not reveal strain levels more than a 
factor of 2 above those in the bulk grown samples. Electron 
microscope examination of replicas of the deposited LiF layers 
did not show any significant structural defects down to a scale of 
200 Å. I t was found, however, that the layers could be sig
nificantly improved and reflectivities increased at wavelengths 
shorter than 1300 Å by annealing the deposited films at about 
300°C for some 60 h in a vacuum of 10 - 7 torr, using a heater 
built onto the substrate holder. 
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Fig. 1. Overcoating of an aluminum mirror by LiF: 1, initial 
reflectivity of 700-Å Al on Pyrex substrate; 2, overcoated with 
150 Å of LiF; 3, annealed at 300°C for 60 h; 4, aged for 40 days 
in air; 5. Al mirror with 150 Å, aged for 1 month, from Ref. 7. 

Fig. 2. Overcoating of an aluminum mirror by MgF2: 1, initial 
reflectivity of 700-Å Al on Pyrex substrate; 2, overcoated with 
150 A of MgF2; 3, annealed at 300°C for 60 h; 4, aged 30 days in 
air; 5, Al mirror with 150-A MgF2, not aged, from Ref. 7. 

The effect of this annealing on a LiF overcoating is shown in 
curve (3) of Fig. 1. Although the reflectance in the higher wave
length region is decreased one can see that an improvement of up 
to 10% is achieved below 1300 Å wavelength. 

For a MgF2 overcoated mirror the effect of annealing is even 
more marked [Fig. 2 curve (3)]. Here, a maximum improvement 
of nearly 50% is gained in the wavelength region below 1250 Å, 
although again there is a slight decrease in reflectance for longer 
wavelengths. However one of the main advantages of the anneal
ing process is the fact that the annealed mirrors have a far greater 
resistance to the influence of exposure to the atmosphere. In 
Fig. 1 [curve (4)] the reflectance is shown of a 150-Å thick LiF 
overcoated and annealed mirror which had been stored without 
any precautions in the laboratory atmosphere for 40 days. The 
humidity of the air ranged between 60-80%. For comparison 
curve (5) of Fig. 1 shows the reflectance of a mirror overcoated 
with 140-Å LiF, stored in air for 1 month (humidity 30-50%), this 
being the best result reported in previous publications.7 

In case of MgF2 the effect of storage in humid air is almost 
negligible as can be seen in Fig. 2, curve (4) which represents the 
reflectance of a 150-Å thick overcoated and annealed mirror after 
being stored in air (humidity 60-80%) for 4 weeks. Curve (5) of 
Fig. 3 illustrates the best result found in previous publications for 
an aluminum mirror with 150-Å MgF2 coating but without ex
tended exposure to air.7 

The results emphasize the usefulness of ultra-high vacuum 
techniques for making very reproducible highly efficient reflect
ing surfaces for the vacuum ultraviolet and the application of the 
annealing process in improving the short wavelength reflectivity 
and long term stability of the overcoated mirrors. 
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