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(57) ABSTRACT

Highly textured [111] oriented films such as MgO crystalline
films are deposited by e-beam evaporation on ordinary
soda-lime glass. Semiconductor films such as silicon can be
deposited on these MgO films using eutectics at tempera-
tures below the softening point of ordinary glass and having
extremely high textured and strong [111] orientation. The
invention may be used for efficient and cost effective solar
cells, displays, etc.
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METHODS OF PRODUCING LARGE GRAIN
OR SINGLE CRYSTAL LMS

PRIORITY AND RELATED APPLICATION

This application claims priority to U.S. Provisional Patent
Application Ser. No. 61/879,275, filed Sep. 18, 2013,
entitled “Methods of Depositing Magnesium Oxide (MgO)
Films,” which is hereby incorporated by reference in its
entirety.

FIELD OF THE INVENTION

The present invention relates to producing large grain or
single crystal films such as Magnesium Oxide (MgO) films.

BACKGROUND OF THE INVENTION

Magnesium oxide (MgO) thin films have assumed sig-
nificant importance in recent times due to two major appli-
cations, namely, as a protective layer on glass in plasma
display panels and as an intermediate buffer layer between
a semiconductor substrate (e.g. Si, GaAs) and a ferroelectric
film (e.g. PbTiO;) in oxide-based devices on semiconduc-
tors. Even more recently it has been discovered that MgO
films can be of great value in the fabrication of supercon-
ductors and photovoltaic devices. For example, crystalline
MgO films can be used as a buffer layer for depositing
silicon on inexpensive substrates such as soda-lime glass.
While methods such as Sol-Gel and Aluminum Acetylac-
etonate have been employed to fabricate crystalline films,
the grain size of such films has been small. It has therefore
been desirable to find a method for depositing large grain to
single crystal MgO films for the fabrication of various
devices for various electronics, solar, and microelectronic
applications. Techniques such as lon Beam Assisted Depo-
sition have led to textured MgO films of high quality, yet
IBAD is an expensive procedure and the grains are neither
large nor single crystalline. Inclined Substrate Deposition
(IDS) is also commonly used to deposit MgO on glass and
while it is textured it is neither large grain or single crys-
talline. As of the date of this disclosure, no method exists for
depositing large grain or single crystalline MgO films on
inexpensive substrates; and no method exists that can do so
in a way that is cost effective.

Accordingly what is desired is to produce large grain or
single crystal films. What is also desired is to produce large
grain or single crystal films at low temperature, i.e. below
the softening temperature of soda-lime glass. It is also
desired to obtain large grain or single crystal films on
sodalime glass. It is yet another object of this invention to
provide large grain or single crystal films in a cost-effective
manner.

BRIEF SUMMARY OF THE INVENTION

The present invention provides a method for manufactur-
ing film coating using an electron beam evaporation tech-
nique for the fabrication of high quality templates on glass.
This method enables the manufacturing of solar cells or
similar electronic and photonic applications. This fabrica-
tion technique and optimized process conditions enable
rapid development of solar cell substrates for addressing
better performance of solar cells.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows an e-gun having four pockets.

FIG. 2 shows a schematic of an electron beam evaporation
technique for fabrication of films such as magnesium oxide
coatings for solar cell applications.
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2
FIG. 3 shows XRD of 7 um MgO film on soda-lime glass
deposited at 450° C.
FIG. 4 shows XRD of 7 um MgO film on soda-lime glass
deposited at 550° C.

DETAILED DESCRIPTION OF THE
INVENTION

A method for growing crystalline and preferred oriented
films such as but not limited to MgO is provided. Here films
of MgO are deposited on a substrate such as glass via an
electron beam evaporation system. The glass is held in place
and at a specific growth temperature to control growth
kinetics. Suitable temperatures may range from 300° C. to
600° C. A distance of six to nine inches is held between the
substrate and an evaporation source. The evaporation source
in one embodiment may be highly dense MgO crystals. The
deposition rate of the evaporated film on the substrate may
be monitored for example by a quartz crystal thickness
monitor.

The system that may be used in growing the films may be
a vacuum system that includes an electron beam evaporation
system. In one embodiment, the vacuum system or chamber
is evacuated using a cryopump (1000 Vs) backed by a dry
scroll pump. Conditions for evaporating the evaporation
source may include having a base pressure in the vacuum
chamber of the system be better than 1x10~7 Torr. The
oxygen pressure in the chamber may be better than 10™*
Torr.

The vacuum system will have the capability of holding
the substrate at the desired specific growth temperature and
the desired distance from the evaporation source. In one
embodiment, the chamber of the vacuum system can hold 2"
and 4" wafers on a versatile heating stage and could be
scaled up for 6" to 12" dia. solar cells application(s). The
heating stage in the system can be programmed for substrate
temperatures of up to 800° C. covering the temperature
range for thin film deposition as well as in-situ annealing, if
necessary. The stage can also take smaller samples using
mechanical clamping. A thin-film thickness monitor and
controller, such as those made by Inficon, Inc., may be used
to monitor and control the deposition rate. The thickness of
deposited films can be controlled by interfacing the thin-film
thickness monitor and controller with an e-gun power sup-
ply. By using a remote control on the thickness controller,
the emission current of the electron gun can be controlled as
per the desired coating thickness. After deposition samples
are cooled at 30° C./min rate. MgO films resulting from the
process are highly oriented along (111) normal to the sub-
strate surface. See FIGS. 4-5.

The vacuum system BWI-1000 has a main deposition
chamber—made from stainless steel equipped with a high
power electron gun—of 10 Kwatt. The e-gun is used to
deposit different materials including refractory metals and
oxides at ease. In one embodiment, the e-gun has four
pockets each handling 7 cc volume. See FIG. 1. The
presence of four pockets permits the introduction of four
different materials that can be sequentially evaporated, one
at a time, without breaking the chamber vacuum. E-beam
evaporation uses an electron beam to heat up the evaporation
source. Electrons generated with a heated filament are
accelerated up to 10 keV by a high voltage DC supply with
a maximum emission current of 1 Amp. The electron beam
is defocused to a wide beam ~1 c¢m in diameter to permit a
high and constant rate of deposition of oxides and the
materials alike.
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A permanent magnet is employed to bend and guide the
e-beam in a circular path from the filament to the source. Use
of longitudinal and transverse sweeping coils makes it
possible to raster the beam on the target. The equipment is
capable of different predefined sweeping patterns. In one
embodiment, the capabilities and other details of the e-gun
and the power supply may follow the specifications of an
e-gun produced by Telemark, Inc. For instance, the speci-
fications may include an E-Beam Deflection of 270°, a
maximum high voltage of —10 kV, lateral coil resistance of
8.5 ohms, longitudinal coil resistance of 7.5 ohms, filament
power of 600 watts maximum and water cooling require-
ments of 2 gpm (min.) at 60° F. An exemplary gun power
supply may be a power supply model TT-10. Specifications
for power supply may include a maximum output power of
10 kW (1.0 A@10 kV), HV (adjustable) of 0 to -10 kV,
process control voltage of 0 to +/-10 VDC, current cutback
(adj.) of 0.2 to 1 amp, response time of <100 microseconds,
gun filament of 5.5 V @ 36 A, a Beam Sweep Lateral
Longitudinal of +/-1.5 amp@3 W, 3-90 Hz+/-2.0 amps, and
cooling by Air.

The material being evaporated is placed in a crucible
which occupies about 80% of the crucible volume. The
crucibles are water cooled to reduce the heating effects.
Additionally, crucible inserts are used to reduce heat flow
during deposition thereby allowing higher evaporation rates.
The use of an appropriate hearth liner also enables a quick
change of evaporants with the least contamination levels.
Material selection of the hearth is made based on the
material being evaporated. The liners commonly available
are made up of carbon, tungsten, molybdenum or tantalum.

FIG. 2 shows the schematic of the reactive electron beam
evaporation technique. The invention optimizes various pro-
cess parameters such as substrate temperature, oxygen pres-
sure, evaporation rate, sample to e-beam distance, and base
pressure. Of these parameters, evaporation rate and substrate
temperature influence properties of the deposited films.
Primary consideration when deciding a deposition rate,
using electron gun (e-gun), is the film properties at the
development stage and eventually the production rate, since
very high rates are not compatible with certain film prop-
erties. It is thus important to consider various parameters in
e-gun evaporation from the beginning of the product devel-
opment. The ease of evaporation and fabricating good
quality thin films depends on different factors, e.g. power
supply ratings, system geometry, source material, evapora-
tion rate, substrate-source distance etc. In the present case,
the desired evaporation rates are easily possible by 10
kilowatt power supply interfaced with the e-gun. Films
produced using the method of the current invention may
have a variety of applications ranging from photovoltaics to
displays. For example the invention can further be used for
deposition of Al,O; on MgO films on glass.

Examples

A substrate is held in an e-beam evaporation system with
a source of MgO being coated at 7 um on a 3.2 mm thick
soda-lime glass. Two samples were prepared one at 450° C.
and the other at 550° C. both at temperatures below the
softening point of ordinary soda-lime glass. The deposition
was made on the substrate using an e-gun by the method
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described above. The resulting is MgO coatings were char-
acterized by x-ray diffraction and scanning electron micros-
copy and electrical resistivity.

X-ray diffraction results indicated that the coatings fab-
ricated are highly oriented along (111) and thus are highly
crystalline. See FIGS. 3 and 4. Characteristic peaks for MgO
are observed at 36.93° [111], 42.90° [200], 74.67° [311], and
78.61° [222]. The films are optically transparent and have
smooth and uniform surface roughness that are required for
good quality optical coatings. It has also been discovered
that a higher evaporation or deposition rate is beneficial for
highly textured films. Note that the coating fabricated in the
present invention has a high chemical purity phase.

While the present invention has been described in con-
junction with specific embodiments, those of normal skill in
the art will appreciate the modifications and variations can
be made without departing from the scope and the spirit of
the present invention. Such modifications and variations are
envisioned to be within the scope of the appended claims.

The invention claimed is:

1. A method of growing crystalline, films with a preferred
orientation comprising:

positioning a substrate in a vacuum system of an electron

beam evaporation system;

holding the system at a constant temperature thereby

controlling growth kinetics, wherein the constant tem-
perature is below a softening temperature of the sub-
strate;

positioning an evaporation source a distance between 5

and 10 inches from said substrate;

holding the system at a base pressure and an oxygen

pressure;

heating the evaporation source with an electron beam;

evaporating the evaporating source and coating a film

from the evaporation of the evaporation source onto the
substrate, wherein the film has a high chemical purity
phase;

cooling the film coated substrate after the film has reached

a desired thickness at a defined cooling rat;

wherein the preferred orientation is [111].

2. The method of claim 1, wherein the base pressure is
lower than 1x1077 Torr.

3. The method of claim 1, wherein the oxygen pressure is
lower than 10~* Torr.

4. The method of claim 1, further comprising monitoring
a deposition rate of the evaporation source using a quartz
crystal thickness monitor.

5. The method of claim 1, wherein the evaporation source
is MgO crystals.

6. The method of claim 1, wherein the film is cooled at the
cooling rate of 30° C./min.

7. The method of claim 1, wherein the substrate is
soda-lime glass.

8. The method of claim 1, wherein the constant tempera-
ture is between 300° C. and 600° C.

9. The method of claim 1 further comprising bending and
guiding the electron beam in a circular path from a filament
to the evaporation source with a permanent magnet.

10. The method of claim 9 further comprising forming the
electronic beam on the evaporation source with the use of
longitudinal and transverse sweeping coils.
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