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ABSTRACT
Retarding the Growth of Oxide on Aluminum Thin-Films

Merlin Hart
Department of Physics and Astronomy, BYU
Bachelor of Science

Aluminum (Al) is the best choice for next generation broadband mirrors because it has high
reflectance over a wide range of wavelengths. However, the far ultraviolet ( 1 < 120 nm) range
has not been explored much since aluminum oxide is absorptive in that range. Fluoride protective
layers have been used in the past to prevent oxidation, but limit the range of wavelengths that can be
clearly observed. These protective layers also make studying the reflectance of Al in the UV range
difficult. This paper explores the rate at which aluminum oxidizes in different storage environments.
Samples were stored in liquid nitrogen (LN>), hexane and dry ice environments. Oxide thicknesses
were measured using variable-angle, spectroscopic ellipsometry (VASE). Rates of oxidation during
storage were compared with oxidation in ambient lab air. It is shown that LN, retards oxidation
by a factor of 500, hexane by a factor of 200 and dry ice by a factor of 40. The results shows that
aluminum oxidation can be significantly retarded. This opens up possibilities of ultra-thin protective
layers, which would allow the far uv to be observed by space telescopes.
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Chapter 1

Introduction

1.1 Background

Aluminum (Al) is the most promising candidate for future broadband mirrors because of its
unmatched high re ectance from deep ultraviolet (DUV), through the visible and infrared (IR)

wavelengths (see Fig. 1.1). Two of NASA's potential upcoming space observatory projects, the

Figure 1.1 The re ectance of different metals commonly used as mirrors because of their
high re ectance in the visible range. Of these, aluminum has the highest re ectance across
the infrared, visible and near UV spectrum. Figure copied from [1].

1



2 Chapter 1 Introduction

Figure 1.2 This graph shows the different spectral lines of hydrogen. The Lyman series
are in green and are in the UV range, Balmer series is in the visible range and the Paschen
series in the infrared range. For this reason, to see the Lyman series, the mirror must have
high re ectance in the UV. Figure copied from [2].

Large UV/Optical/IR Surveyor (LUVOIR) and the Habitable Exoplanet Observatory (HabEXx),
depend on being able to observe a wide spectrum of electromagnetic radiation. More speci cally,
these two projects need mirrors that are able to observe into the Lyman Ultraviolet range (LUV,
91.2 nm - 121.6 nm). The Lyman wavelengths are emitted when the electron in a hydrogen atom
transitions from a high energy state, down to the ground state (see Fig. 1.2). Since hydrogen atoms
makes up the largest percentage of the observable universe.Not being able to detect the Lyman
series means there is a lot of information that cannot be explored.

Current mirror technology on the Hubble Space Telescope (HST) consists of a magnesium
uoride (MgF>) protective layer over the Al which keeps the re ectance above 115 nm high but

causes re ectance to drop to around 15% at wavelengths below 110 nm [3]. Metal uoride protective
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Figure 1.3 The re ectance of aluminum at different wavelengths with no oxide, 1 nm
of Al,O3 and 5 nm of A}O3 . The vertical lines correspond to the different Lyman
wavelengths, starting at 122 nm, with the Lyman limit at 91.2 nm. Increasing thickness of
Al,0O3 makes observing these wavelengths much more dif cult. Figure adapted from [4].

layers are used to prevent oxidation of the aluminum, but each has a characteristic wavelength below
which they are opaque. These protective layers are used to combat the formation of aluminum oxide
which occurs rapidly when Al is exposed to the atmosphere of Earth. Even a thin layer of oxide
decreases the Al mirror's re ectance in the far UV range. It can be calculated that even a 1 nm layer
of Al,O3 will decrease the re ectance of the mirrors from 90% (unoxidized) by over 20% (1 nm)

below 120 nm [4] (see Fig. 1.3).

1.2 Motivation

This decrease in re ectance is an issue because the mirrors used on space telescopes are stored
for a long duration (more than a year) before being launched into space. It has been shown

that oxidation of aluminum follows a logarithmic trend [5, 6]. Thus, they will necessarily have
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protective uoride overcoats. But how thick must those overcoats be? Our group has experience in
studying the oxidation of aluminum under ultrathin uoride coatings, particularly aluminum uoride
(AlF3) [4,5,7]. If ultrathin uoride Ims could be made suf ciently tight, preventing the aluminum
from oxidizing, they might be suitable for LUV applications [8, 9]. However, at the present the
aluminum under such coatings does oxidize, albeit at a much slower rate than bare aluminum. It
would be helpful to nd ways to store samples for the purpose of shipping them from one lab to

another without them changing signi cantly and to store them in the lab for future reference.

1.3 Experimental question

This question this paper examines is as follows: does the storage environment affect the rate of
oxide growth on bare Al and Al-coated mirrors, and if so, what is that rate? The environments
studied were: liquid nitrogen (LY , hexane, dry ice and dry laboratory air (dew point < 273K).
Another intent of this study is to understand the growth kinetics gDAlon bare Al and under a
protective uoride layer. We chose to use bare Al samples to better examine environmental ways of

retarding oxide growth on the least complicated mirror surface before turning to coated mirrors.



Chapter 2

Experimental Methods

In the following chapter, | discuss how the samples were made and stored and how | was able to
determine the effects of storage on the growth rate of aluminum oxide. Section 2.1 discusses the
thermal evaporation techniques used to make the samples. In section 2.2, | explain the different
storage environments. In sections 2.3 and 2.4 | note how samples were measured and what we did

to understand the change that took place in the samples.

2.1 Deposition of aluminum samples

The thermal evaporator | used was a Veeco glass bell jar resistive heater thermal evaporator. Using
a hoist system the top of the chamber can be lifted up so that the inner chamber, shown in gure
(2.1), can be accessed. This thermal evaporator has the capability of depositing up to three different
source materials during one “run' without breaking vacuum. Only one source was used to deposit
aluminum onto the sample substrates during the deposition process.

The sample substrates were cleaved from a 200 mm diameter Si(100) wafer coated with about
300 nm chemical vapor deposition (CVDi8iy. The CVD SgN4 dielectric layer on the substrate
functioned as the interference layer (IL) [5, 10].The samples were approximately 30 mm by 30 mm

5



Chapter 2 Experimental Methods

Figure 2.1 Inside of the evaporation chamber. 1: The connection points for the evaporation
boats. 2: A lower shutter which can cover one evaporation boat while the other is being
deposited on the substrate. 3: INFICON quartz thickness monitor. 4:The upper shutter
used to control when the samples have material deposited on them. 5: the platen which
samples were secured to.
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