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WFFEEE R OB R (3£32) : The growth of BeO and BeZnO thin films by pulsed laser deposition
was studied. A stability diagram was constructed for the growth of crystalline BeO films. It
was discovered that it is possible to grow crystalline films even at room temperature. The
available alloying limits were determined for both Zn- and Be-rich BeZnO semiconductor
films. X-ray dosimetry function was evaluated in Be-doped ZnO films.
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1. WFERAR SO 5 aerospace industry, and sensors for
high-energy physics experiments. Due to
semiconductor this, various nitride and carbide
semiconductor materials have recently

been developed. The question, which

Development of new
materials is the key to expanding the use of
electronic devices in severe environmental

conditions, such as high temperatures or
heavy ionizing radiation loads. Practical
applications include high-temperature /
high-pressure sensors and electronics in
deep-bore drilling for oil and gas,
industrial process control applications in
high-temperature materials processing,
various monitoring and recovery
applications in the nuclear industry,
radiation-resistant electronics for the

wide-gap semiconductor material has the
lowest average atomic mass and hence the
lowest radiation sensitivity, remains open.

2. WMEOEM

The purpose of this project was to explore
the possibility of developing beryllia-based
electronic materials. Beryllium oxide itself
is a very wide gap insulator. Various alloy



phases, however, are theoretically possible
and have been studied to some extent. In
this project, the aim was to explore the
possibility of growing beryllia based alloy
phases, specifically BexZni<O, in thin film
form by pulsed laser deposition (PLD),
possibly leading to the development of
novel radiation-hard device structures for
sensors and basic switching applications.

3. WHEDTTE

The focus of this study was on developing
growth techniques for fabricating pure
beryllia and beryllia-based thin films by
pulsed laser deposition. The films would
then be characterized in terms of structure,
conductivity, photoconductivity and
morphology in order to study the
possibility of using BeO-ZnO and other
alloys in practical electronic applications.
The films would then be tested for possible
use 1n radiation sensing devices. The
planned work was thus divided into four
stages:

(1) The development of a pulsed laser
deposition (PLD) system for depositing
very wide gap materials, such as BeO.
Since the BeO bandgap is 10.6 €V, whereas
the KrF excimer laser photon energy is
only 5 €V, it is difficult to evaporate pure
BeO in normal PLD chambers. A special
deposition chamber and a unique
low-energy, high repetition rate excimer
laser was set up for this project.

(2) BeO has the wurtzite crystal structure,
similar to ZnO, except that the lattice
parameter of BeO is much smaller. It was
therefore questionable how easy it would
be to stabilize the growth of epitaxial BeO
or BeZnO films on commonly available
substrates, such as sapphire or
SrTiOs(111).

(3) Alloy phases containing Be were
studied in order to evaluate the electronic
properties of the alloy films. The main
focus was on determining the solubility
limits of Be in ZnO and Zn in BeO. The
films were characterized mainly by
structural, transport, and
photoconductivity measurements.

(4) The final planned task was to
demonstrate radiation sensor device

functionality in an alloy material. A
high-temperature transport measurement
was constructed for this part of the project.

4. HFFERHE

The project results are listed according to
the original proposed subtasks.

(1) A micro pulsed laser deposition
chamber (Fig. 1) was adapted for the
growth of BeO films by constructing a
suitable heating system and a special
double-target holder for evaporating
sequentially BeO and ZnO targets. This
setup allowed the alloying ratio of BeO and
7ZnO to be chosen freely for alloy material
growth. A time-of-flight ion spectroscopy
setup was added to the thin film growth
chamber to study the composition of the
laser ablation plume during target
material evaporation. This was necessary
in order to determine the role of be metal
oxidation kinetics on the crystalline phase
formation.

deposition

Fig. 1 Pulsed laser
system adapted for very wide-gap
material devosition.

(2) The growth of BeO films on sapphire
substrates was studied in detail. A growth
mode stability diagram was constructed for
the formation of crystalline or amorphous
BeO films grown on sapphire substrates in
order to determine a practical process
parameter window. For a light element
such as Be, the risk of cation loss by
resputtering from the surface of a film by
the high-energy ionic species in the
ablation plume 1is high. It was thus
necessary to determine the stability of BeO
growth before alloy phases could be studied.
The stability diagram shows several
different types of growth as a function of



substrate temperature and the ambient
oxygen pressure (Fig. 2). Better
crystallinity can be obtained at higher
temperature, but this is only possible at
higher effective oxygen pressures. It is
likely that better-quality BeO films could
be grown with ozone or other oxygen
radical gas sources.
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Fig. 2 BeO crystal growth stability
diagram.

X-ray diffraction analysis showed that
crystalline BeO films can be grown even at
room temperature. Optimum film growth
occurred at 500 to 600°C. At higher
temperatures, Be metal loss from the
surface prevented film growth. It was thus
understood that the film growth stability is
determined by the oxidation kinetics of Be
metal on the film surface.

Surface  morphology and  x-ray
diffraction analysis of the films showed
that the crystallinity is limited by grain
formation, which i1s driven by the lattice
mismatch between the BeO film and the
sapphire substrate. A 30 degree in-plane
lattice rotation was observed for the BeO
films on sapphire. In order to fabricate
device structures for electrical
measurements, BeO films were also
successfully grown on hexagonal surfaces
of metallic Nb:SrTiO3(111) substrates.

(3) Theoretical predictions have suggested
that there may be stable alloys in the
BexZn1xO phase diagram. Optimization of
alloy film growth showed that in practice,
alloying is possible only close to either end
composition (Fig. 3). Deviations from the
usual Vegard’s law occur for intermediate
compositions, indicating the presence of a
large number of interstitial defects in the
crystal when the composition is close to
Beo.5Zno.50.

The alloy films were analyzed Dby
measuring optical absorption spectra and
photoconductivity lifetimes under chopped
light illumination at various wavelengths.

A systematic band gap shift was observed
with increasing Be content in the films.
Concomitant with the loss of a sharp x-ray
diffraction peak for Be doping levels of 20%
or more, a sharp optical absorption edge
developed several absorption steps and
showed strong broadening. This result is
consistent with the appearance of
structural or phase inhomogeneity in the
films.

Time-dependent photoconductivity
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Fig. 3 BexZnixO alloy phase

formation stability regions for x<0.2

and x>0.8.

measurements showed the presence of
several relaxation phenomena. Two main
relaxation time constants were determined,
in the range of 100 ms and <10 ms. The
appearance of long time constants
indicates the presence of relatively deep
in-gap defect states in the alloy films. The
photoconductivity was measured over
macroscopic distances between
wire-bonded aluminum electrodes. It may
be possible to obtain much faster response
times in measurements that utilize
depletion layers in BeZnO Schottky
junction devices.

(4) The BeZnO alloy family has been
mostly suggested as a potential ultraviolet
(UV) photodetector material for solar-blind
aerospace applications. The possibility of
using a ZnO alloy phase for detection of
higher-energy photons or high-energy
particles had not been studied so far. The
presence of deep trap states in the BeZnO
films, as suggested by the
photoconductivity measurements,
indicated that it may be possible to use the
material in a dosimeter device. This
functionality was tested by exposing alloy



film samples to a laboratory x-ray source
(Cu Ka) and measuring the current
generated upon heating of an exposed film
(Fig. 4). A special high-temperature
transport measurement setup was
constructed for these measurements,
allowing sample currents to be measured
at temperatures of up to about 750°C.

As a result of thermal detrapping, a
large current was observable during the
initial heating of a radiation-exposed
BexZni<xO film even for a very low Be
doping level of 4%. Further work will be
necessary to determine the quantitative
charge generation rates for various
incident photon energies.
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Fig. 4. Thermal detrapping current

during the initial heating of a

Beo.04Zno.960 film after x-ray exposure.
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