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Description
Technical Field
[0001] This invention relates to a combinatorial molecular layer epitaxy apparatus that is useful to form an inorganic superstructure, a metallic superstructure or an
organic superstructure, especially to make an efficient
search for substances in a short period of time.
[0002] The invention further relates to a combinatorial
molecular layer epitaxy apparatus that permits a substrate or substrates to be conveyed in the apparatus as
a thin film forming system and, to be conveyed in a state
in which they remain heated, and successive processing
chambers to be formed as independent vacuum chambers with pressure and temperatures therein controllable
independently of one chamber from another.
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[0003] At recent times, following the discovery of lanthanum/ barium/copper-oxide superconductive materials, a great progress has been made of thin film forming
technologies for high temperature superconducting oxides. With such a progress, efforts have been expended
extensively to search for and to investigate a variety of
new functional substances for metallic, inorganic and organic materials.
[0004] In the field of forming thin films of high temperature superconducting oxides, the fact that a functional
oxide material such as of perovskite type is itself a multicomponent material with a plurality of oxides makes it
difficult to theoretically predict an optimized component
proportion and a correlation between thin film preparing
conditions and resultant properties, and provides no alternative but to adopt a trial and error approach for optimization.
[0005] Under the circumstances, X. -D. Xiang et al conducted a search for oxide high temperature super-conductors on combining a multi-sputtering thin film forming
process with a mask patterning technique of covering
particular areas on a substrate with masks, and effecting
a combinatorial synthesis of inorganic materials in which
a number of inorganic substances are synthesized parallel to each other, and showed that this approach had a
power in functional search for a multicomponent material
(X. -D. Xiang et al, Science, 268, 1738 (1995)).
[0006] Also, G. Briceno et al in search for colossal magnetoresistance (CMR) materials, prepared from a new
material: LnXMYCoO3-δ (Ln=La, Y; M=Ba, Sr, Ca, Pb)
with cobalt oxide as its base component, 128 specimens
with varied compositions sputter-evaporated using combinatorial synthesis and thereafter sintered in an oxygen
atmosphere. And based on the measurement of magnetic resistance of those specimens, they revealed that even
a multi-oxide material exhibited a maximum magnetic resistance ratio 72% CMR. Significantly, discovery and optimization of a new CoO2-based CMR material were
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achieved on conducting a combinatorial synthesis only
twice with varied sintering conditions.
[0007] It can be seen, however, that a combinatorial
synthesis referred to above for inorganic materials in
which forming thin films are effected at a room temperature in either case only plays a role of simply controlling
compositions. Also, no combinatorial synthesis has become a reality of thin films with a superstructure formed
by epitaxial growth for each of molecular layers of materials either organic or inorganic.
[0008] On the other hand, it is noted that in a conventional thin film manufacturing system which involves a
plurality of processing stages, wafers have been conveyed between different process stages by man or a robot, pressure and temperature process parameters have
been set up for the individual processing stages one after
another.
[0009] Especially where a wafer is required to have a
clean surface, wafers must be conveyed through a conveying path that is hermetically sealed in a clean space.
[0010] Since such a conveyer is normally not adapted
for high temperature wafers, however, it has been common to rely on a time consuming procedure in which hot
wafers processed in a given process stage is cooled to
a room temperature and then conveyed into a next process stage where they are heated to a required temperature for processing.
[0011] Further, the need to set up process parameters
such as a reaction pressure and a wafer temperature one
after another for the successive processing stages individually makes it unsuitable to process wafers continuously in different process stages.
[0012] Accordingly, the present invention is provided
to resolve such problems met in the prior art as described,
and has for its first object to provide a combinatorial molecular layer epitaxy apparatus that permits molecular
layers to be formed each individually by epitaxial growth
to form an inorganic, metallic or organic superstructure
of such molecular layers, and that allows an efficient
search for a substance to be conducted in a short period
of time.
[0013] Another object of the present invention resides
in providing a combinatorial molecular layer epitaxy apparatus that is capable of conveying wafers in their heated state, and permits successive processing chambers
to be formed as independent vacuum chambers with
pressure and temperatures therein controllable independently of one chamber from another.
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[0014] In order to achieve the first object mentioned
above, the present invention provides a combinatorial
molecular layer epitaxy apparatus that comprises a common chamber having pressure therein controllable; one
or more conveyable substrate heating units having a substrate holder for holding one or more substrates in the
common chamber; and one or more process conducting
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chambers having pressure therein controllable and provided to correspond to the substrate heating units, the
said process conducting chambers including a growth
chamber which has a multiple raw material supply means
for supplying raw materials onto a said substrate held by
a said substrate heating unit, a gas supply means for
feeding a gas onto a surface of the substrate, and an
instantaneous observation means for instantaneously
observing epitaxial growth of monomolecular layer for
each of the layers on the substrate surface, thereby permitting growth temperature, pressure and supply of the
raw materials to be controlled for each of the substrates
and producing a group of substances caused each to
grow epitaxially in an individual monomolecular layer and
brought together in a single series of reactions for each
of the substrates, systematically in accordance with indications of the instantaneous observation means.
[0015] The construction described above permits [multiple raw materials] x [multiple substrates] x [reaction parameters such as temperature, pressure and flux (rate
of build-up) from gas phase] to be selected or controlled
independently of one another and put together in any
desired combination, and hence is capable of synthesizing or bringing together in a single series of reactions a
group of substances into an epitaxial growth superlattice
structure systematically controlled.
[0016] Also, in a combinatorial molecular layer epitaxial growth apparatus according to the present invention,
the multiple raw material supply means preferably includes a laser molecular beam epitaxy means for vaporizing with an excimer laser beam a plurality of targets of
different solid raw materials and for forming a thin film of
a composition as aimed on each of the substrates.
[0017] This construction permits a limited depth of surface of a target to be momentarily vaporized and gasified
and a thin film of a composition as aimed to be formed.
It is possible to form a thin film, e. g., of an inorganic
superstructure.
[0018] Also, in a combinatorial molecular layer epitaxial growth apparatus according to the present invention,
the multiple raw material supply means may preferably
include a laser molecular beam epitaxy means and a said
substrates is composed of a material selected from the
group which consists of α -Al2O3, YSZ, MgO, SrTiO3,
LaAlO3, NdGaO3, YAlO3, LaSrGaO4, NdAlO3, Y2O5,
SrLaAlO4, CaNdAlO4, Si and compound semiconductors. Further, the target solid raw materials may include
substances adapted to form a material selected from the
group which consists of a high temperature superconductor, a luminescent material, a dielectric material, a
ferroelectric material, a colossal magnetoresistance material and an oxide material.
[0019] This construction permits a target raw material
to be consistently supplied to a substrate surface and
makes the probability of adherence almost 1 regardless
of a particular component. These features advantageously act in forming on a substrate a thin layer of monomolecular layers each individually caused to grow by
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epitaxial growth, of a high temperature superconductor,
a luminescent material, a dielectric material, a ferroelectric material, or a colossal magnetoresistance material.
[0020] Further, in a combinatorial molecular layer epitaxy apparatus according to the present invention, the
multiple raw material supply means may preferably include a target turn table supported to be rotatable and
vertically movable for carrying targets, and a masking
plate means disposed between said targets and said substrates and supported to be rotatable and vertically movable. Also, the masking plate means may preferably comprise a plurality of masking plates having different masking configurations which are exchangeable in succession
while epitaxial growths are effected. Further, the masking
plate means may comprise a mask movable horizontally
with respect to said substrates and adapted to cover and
uncover either or both of a said substrate and a given
area thereof with said movable mask.
[0021] This construction with the aid of a movable
mask caused to move to provide the mask plate means
with masking patterns permits a superlattice thin films
varied in composition or laminated structure to be prepared in a plurality of given areas of a substrate.
[0022] Also, in a combinatorial molecular layer epitaxy
apparatus according to the present invention, the multiple
raw material supply means may preferably comprise a
laser molecular beam epitaxy means, and the instantaneous observation means may then comprise a reflex
high-energy electron beam diffraction analysis means.
[0023] This construction permits providing a thinfilmed, for example, high melting point and multi-component oxide material while monitoring formation of layers
each individually on epitaxial growth.
[0024] Further, a combinatorial molecular layer epitaxy
apparatus according to the present invention may preferably further include a target loading lock chamber for
loading targets with materials therein.
[0025] This construction permits exchanging targets in
their clean state without exposing them to an environmental atmosphere.
[0026] Also, in a combinatorial molecular layer epitaxy
apparatus according to the present invention, the multiple
raw material supply means may preferably comprise a
gas source molecular beam epitaxy means adapted to
apply and thereby to supply a flow controlled stream of
a gaseous organometallic compound through a nozzle
means onto each of the substrates.
[0027] This construction permits forming, e. g., a metallic or organic structure by using a gaseous material
such as of an organometallic compound.
[0028] Further, in a combinatorial molecular layer epitaxy apparatus according to the present invention, the
multiple raw material supply means may preferably comprise a gas source molecular beam epitaxy means, and
the instantaneous observation means may then comprise an optical means that makes observation based on
any of reflectance differential spectroscopic, surface light
absorbing and surface light interferometric processes.
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[0029] This construction permits effecting an epitaxial
thin film growth formation of a metallic or organic structure
while monitoring monomolecular layers for each individual layer in growth.
[0030] Also, in a combinatorial molecular layer epitaxy
apparatus according to the present invention, the substrates may preferably be substrates composed of Si or
a compound semiconductor.
[0031] This construction permits forming a metallic or
organic superlattice structure of monomolecular layers
each individually caused to grow epitaxially, on Si and
compound semiconductor made substrates.
[0032] Further, in a combinatorial molecular layer epitaxy apparatus according to the present invention, the
substrates may preferably comprise substrates whose
surfaces are made flat on an atomic level and whose
outermost atomic layer is identified.
[0033] This construction provides the ability to observe
RHEED oscillations that, for example, last with an extraregularity and for a prolonged period of time, and thus
permits ensuring epitaxial growth to proceed for each
individual monomolecular layer
[0034] Also, in a combinatorial molecular layer epitaxy
apparatus according to the present invention, the common chamber may preferably be provided with a substrate holder loading lock chamber for exchanging the
substrate holders in a state in which a high vacuum is
held therefor.
[0035] This construction permits exchanging substrates in their clean state without exposing them to an
environmental atmosphere.
[0036] Further, in order to achieve the second object
mentioned above, a combinatorial molecular layer epitaxy apparatus according to the present invention has a
said substrate heating unit adapted for a pressure contact
with a said process conducting chamber to vacuum seal
the same, the substrate heating unit and process conducting chamber then together forming an independently
pressure controllable vacuum chamber.
[0037] This construction permits substrates to be
transferred between the process conducting chambers
in their heated state and makes the vacuum chambers
pressure and temperature controllable independently of
one from another.
[0038] Also, in a combinatorial molecular layer epitaxy
apparatus according to the present invention, the substrate heating units may preferably be jointly adapted to
be turned around and vertically moved by a carrier plate
so as to be conveyed into association with said process
conducting chambers in succession.
[0039] This construction permits the substrate heating
units to move and turn along a given path or orbit and
each to be transferred into association with a given process conducting chamber, and allows a substrate holder
loaded with a number of substrates to be transferred into
the process conducting chamber. It thus permits a plurality of process conducting chambers to conduct the
processes in parallel.
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[0040] Further, a combinatorial molecular layer epitaxy
apparatus according to the present invention may preferably further include a shaft for revolution in the form of
a tubular cylinder connected to an electric wiring and a
service water piping outside of the common chamber and
adapted to be turned and vertically moved in a state in
which said common chamber means is held at vacuum,
a cooling water piping disposed in a region of each of the
substrate heating units and connected to the service water piping, and a carrier plate with its center disposed in
coincidence with an axis of rotation of the shaft for revolution.
[0041] This construction permits a carrier plate to turn
around the axis of rotation of the shaft for revolution continuously to allow the processes to be conducted in parallel, and prevents the cooling water piping for supply of
cooling water into the substrate heating units and the
electric wiring for power supply or a temperature monitoring thermo-couple from twisting.
[0042] Also, in a combinatorial molecular layer epitaxy
apparatus according to the present invention, the shaft
for revolution has preferably attached thereto, a slip ring
adapted to vacuum seal an upper end of the shaft for
revolution and to connect that upper end electrically to
the external electrical wiring, a cooling water sealing
means for connection to the external service water piping, and a cooling water conduit means connected water
tight to the cooling water sealing means and having the
shaft for revolution passed therethrough coaxially to permit said shaft to rotate in a sliding contact therewith.
[0043] This construction permits the carrier plate to be
vertically moved and rotated by means of the shaft for
revolution without producing a twist of a cooling water
piping or the electrical wiring .
[0044] Further, in a combinatorial molecular layer epitaxy apparatus according to the present invention, the
cooling water conduit means may preferably comprise
an inner and an outer cooling water conduits disposed
coaxially with the shaft for revolution and forming a single
cooling water passage.
[0045] This construction permits supplying cooling water while holding the shaft for revolution moving vertically
and rotating in its vacuum sealed state.
[0046] Also, in a combinatorial molecular layer epitaxy
apparatus according to the present invention, a substrate
heating unit may preferably include a substrate turning
mechanism for rotating the substrate holder.
[0047] This construction improves temperature uniformity over a substrate by permitting the substrate holder to rotate.
[0048] Further, in a combinatorial molecular layer epitaxy apparatus according to the present invention, the
substrate heating units may preferably be turnable and
each include a substrate turning mechanism that provides a rotation from a driving power for turning around
the substrate heating units.
[0049] This construction permits a single driving power
to be used both to turn the substrate heating units and
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to rotate the substrate holder.
[0050] Also, in a combinatorial molecular layer epitaxy
apparatus according to the present invention, a substrate
heating unit may preferably include a substrate turning
mechanism for rotating the substrate holder in a vacuum
chamber.
[0051] This construction permits a substrate heating
unit and a processing chamber together to form a vacuum
chamber with pressure and temperature therein controllable, yet permitting the substrate holder to be rotated.
[0052] Further, in a combinatorial molecular layer epitaxy apparatus according to the present invention, the
process conducting chambers may preferably include an
annealing chamber for annealing substrates held by the
substrate holder, a preheating chamber for preheating
the substrates held by the substrate holder to a given
temperature in a high vacuum, and a growth chamber
for forming a thin film on a said substrate held by the
substrate holder, and an etching chamber for etching a
substrate with the thin film caused to grow and formed
thereon.
[0053] This construction permits performing a plurality
of processes in parallel consecutively.
[0054] Also, in a combinatorial molecular layer epitaxy
apparatus according to the present invention, the substrate holder may preferably be formed with openings
each in the form of a slit, arranged to surround one or
more substrates.
[0055] This construction permits reducing an escape
of the amount of heat from the substrate, and thus allows
the substrate to be heated uniformly and efficiently.
[0056] Further, in a combinatorial molecular layer epitaxy apparatus according to the present invention, the
substrate holder may preferably be in the form of a disk
that is hollow inside and having its side wall formed with
an annular groove that permits the substrate holder to
be held on a substrate heating unit.
[0057] This construction permits easily loading the
substrate holder into the substrate heating unit.
[0058] Also, in a combinatorial molecular layer epitaxy
apparatus according to the present invention, the substrate holder may preferably comprise a holder ring having a stepped edge inside and having its side wall formed
with an annular groove that permits the substrate holder
to be held on a substrate heating unit, and a holder plate
in the form of a disk to be seated on the stepped edge
of the holder ring for supporting one or more substrate,
the disk holder plate being formed of a material that is
high in heat absorbing efficiency on its side facing the
substrate heating unit.
[0059] This construction that allows the holder plate
heated to contact only with the stepped edge of the holder
ring permits reducing escape of the amount of heat by
heat conduction and hence improves temperature uniformity over the holder plate.
[0060] Further, in a combinatorial molecular layer epitaxy apparatus according to the present invention, the
holder plate formed of the material that is high in heat
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absorbing efficiency may preferably be constituted by an
inconel plate with a surface region oxidated at a high
temperature.
[0061] This construction permits effectively heating the
holder plate.
[0062] Also, in a combinatorial molecular layer epitaxy
apparatus according to the present invention, the substrate heating means comprises a lamp heater, the substrate holder and the holder plate being arranged to lie
at a focusing position of the lamp heater.
[0063] This construction permits heat rays focused on
the substrate holder and the holder plate to be effectively
heated.
Brief Description of the Drawings
[0064] The present invention will better be understood
from the following detailed description and the drawings
attached hereto showing certain illustrative forms of embodiment of the present invention. In this connection, it
should be noted that such forms of embodiment illustrated in the accompanying drawings hereof are intended in
no way to limit the present invention but to facilitate an
explanation and understanding thereof.
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Fig. 1 is a diagrammatic view illustrating a combinatorial molecular layer epitaxy apparatus according
to a first form of embodiment of the present invention;
Fig. 2 is a view of appearance that illustrates a combinatorial molecular layer epitaxy apparatus according to a second form of embodiment of the present
invention;
Fig. 3 is a view of appearance that illustrates an essential portion of a growth chamber in a combinatorial molecular layer epitaxy apparatus according to
the second form of embodiment of the present invention, depicting an independent vacuum chamber
comprising a substrate heating unit and a growth
chamber;
Fig. 4 is a detailed cross sectional view that shows
a substrate heating unit according to the second form
of embodiment of the present invention, depicting a
state thereof in which a carrier plate has been moved
to its lower end in pressure contact with a partition;
Figs. 5(a) and 5(b) are a perspective view of appearance and a cross sectional view, respectively, that
illustrate a substrate holder;
Figs. 6(a) and 6(b) are a perspective view of appearance and a cross sectional view, respectively, that
illustrate a modification of that substrate holder;
Figs. 7(a) and 7(b) are a perspective view of appearance and a cross sectional view, respectively, that
illustrate an alternative substrate holder;
Fig. 8 is a cross sectional view that illustrates a shaft
for revolution according to the second form of embodiment of the present invention;
Fig. 9 is a detailed view that illustrates a pipe or conduit arrangement in the shaft for revolution according
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to the second form of embodiment of the present
invention;
Fig. 10 is a view of appearance of an apparatus according to a third form of embodiment thereof of the
present invention; and
Fig. 11 is a detailed view that illustrates a substrate
heating unit according to the third form of embodiment thereof of the present invention.
Best Modes for Carrying Out the Invention
[0065] Hereinafter, the present invention will be described in detail with reference to suitable forms of embodiment thereof illustrated in the drawing figures. While
the present invention will hereinafter been set forth with
respect to certain illustrative forms of embodiments
thereof, it will readily be appreciated to be obvious to a
person skilled in the art that many alternations thereof,
omissions therefrom and additions thereto can be made
without departing from the essences of scope of the
present invention. Accordingly, it should be understood
that the invention is not intended to be limited to the specific forms of embodiment thereof set forth below, but to
include all possible forms of embodiment thereof that can
be made within the scope with respect to the features
specifically set forth in the appended claims and encompasses all the equivalents thereof.
[0066] A detailed description will first be given in respect of a first form of embodiment of the present invention that is typical for a combinatorial molecular layer epitaxy apparatus according thereto.
[0067] Fig. 1 is a diagrammatic view that depicts a combinatorial molecular layer epitaxy apparatus according
to the first form of embodiment of the present invention.
While a combinatorial laser molecular beam epitaxy apparatus is illustrated in Fig. 1 to constitute a thin film
growth effecting apparatus, it can be substituted by a
combinatorial gas source organometallic molecular
beam epitaxy apparatus.
[0068] A combinatorial molecular layer epitaxy forming
apparatus according to the present invention can be embodied as two alternative forms that differ partly in configuration depending on raw materials supplied and material components to be prepared, i. g., as a combinatorial
laser molecular beam epitaxy apparatus in which a raw
material in solid state is gasified by a pulsed laser beam
to allow molecular layers to grow epitaxially for each of
the molecular layers, and which thus is suitable to combinatorially synthesize an inorganic superstructure, and
a combinatorial gas source organic metal molecular
beam epitaxy apparatus which using a raw material in a
gaseous or gasified state, e. g., of an organometallic compound, is suitable to form an metallic or organic superstructure by permitting molecular layers to grow epitaxially for each of the molecular layers. The two apparatus
forms may be identical to each other but for different manners of supplying raw materials.
[0069] First, an explanation is given in respect of a
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combinatorial laser molecular beam epitaxy apparatus.
[0070] Referring to Fig. 1, a combinatorial laser molecular beam epitaxy apparatus according to this form of
embodiment includes a vacuum chamber 2, an ultra-high
vacuum pump 4 such as a turbo-molecular pump, an ion
pump or a cryopump for evacuating the vacuum chamber
2 via a gate valve (not shown) to a high vacuum, a substrate holder 6 rotatable for holding a plurality of substrates 5, and a lamp heater 8 disposed in a rear side of
the substrate holder 6 for heating the substrates.
[0071] The apparatus also includes a rotatable shaft 9
that supports the substrate holder 6, rotatable target tables 10 and 10 juxtaposed with or opposed to the substrate holder 6, a plurality of different solid raw material
targets 12 loaded on these target tables 10 and 10, light
sources 14 and 14 for excimer laser beams 13 and 13
for gasifying these raw material targets 12, lenses 15 and
15 for focusing these laser beams, windows 16 and 16
for introducing the laser beams into the vacuum chamber
2, an electron gun 18 for reflex high-energy electron diffraction (hereinafter referred to as "RHEED") analysis for
impromptu or instantaneously [in the sense occurring at
a particular instant] monitoring epitaxial growth of a molecular layer on a thin film forming substrate, and a screen
17 for RHEED analysis.
[0072] A control unit is further included but not shown,
which is used to control the home positions and rotational
angular positions of the substrate holder 6 and the target
tables 10 and 10. The control unit is provided also to
select particular types of targets for, and in conjunction
with, a particular substrate on which growth is to be effected, and further to control a pulse duration of the
pulsed irradiating excimer laser.
[0073] The ultra-high vacuum pump 4 should desirably
have a capability to keep the vacuum chamber 2 at a
pressure in the order of 10-10 Torr. Also, the vacuum
chamber 2 is designed to have its pressure controllable
by adjustment of the opening of a valve (not shown). It
should further be noted that the ultra-high vacuum pump
is provided with a rotary pump as an assistant pump.
[0074] A substrate 5 when lying at a position where it
has a thin film growing thereon is heated by the lamp
heater 8 and elsewhere it is heated by a preheating or
after-heating lamp heater 7. These lamps are disposed
in the neighbourhood of the substrate holder 6. Optionally, a lamp heater may be disposed in the substrate holder itself in which case it is made adjustable to heat a
substrate at a thin film growing position to a growth temperature and to warm it elsewhere at a given temperature.
[0075] While in the form of embodiment shown in Fig.
1 common use is made of the single vacuum chamber
for the purpose of effecting thin film growth and for the
preheating or post-heating purpose, individually a chamber for effecting growth of thin films on substrates and a
chamber for preheating or post-heating the substrates
may be provided separately and independently as disposed adjacent to each other.
[0076] The vacuum chamber in addition to having an
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atmospheric air inlet means for restoring to a normal pressure is associated with a gas feed system including nozzles 19 for feeding oxygen, nitrogen and other reactive
gases for effecting epitaxial growth of high temperature
superconductor related oxides. In this connection, it
should be noted that the gas feed system is only roughly
depicted in Fig. 1, and normally has its operations controllable by mass flow meters and also controllable in
cooperation with the vacuum pump system.
[0077] To mention further, for the substrates use may
be made of α -Al2O3, YSZ, MgO, SrTiO3, LaAlO3,
NdGaO3, YA1O3, LaSrGaO4, NdAlO3, Y2O5, SrLaAlO4,
CaNdAlO4, Si and compound semiconductors.
[0078] By the way, in order to detect RHEED oscillations based on a molecular layer epitaxial growth effected, and yet to permit the molecular layer epitaxial growth
to continue while monitoring the RHEED oscillations, it
is extremely important to make flat the surface of a substrate on a atomic level and to identify an outermost atomic layer.
[0079] For example, as regards a perovskite oxide that
is expressed by a general formula of ABO3 in which an
atomic layer of AO and an atomic layer of BO2 are repeated, which if AO, BO2 or both AO and BO2 coexistent
forms the uppermost surface makes a difference in the
mode in which a film grows thereon.
[0080] For instance, a polished SrTiO3 substrate has
its uppermost surface composed mainly of TiO2 with a
surface roughness of several nanometers. Wet etching
such a SrTiO3 (100) substrate in a HF/NH3 buffer solution
(pH=4.5) makes its surface flat on an atomic level and
allows its outermost atomic layer to be formed by a TiO2
layer.
[0081] A substrate with its surface made flat on an
atomic level lends itself to detection of RHEED oscillations caused by a growth of an individual molecular layer.
[0082] Accordingly, this form of embodiment preferably uses a substrate with its surface made flat on an atomic level and with its outermost atomic layer specified.
[0083] The target solid material can be any material
whatsoever that is in a solid state for use. Such usable
materials include high temperature superconductors
such as YBa2Cu3O7, luminescent materials such as
ZnO, (ZnMg)O, (ZnCd)O, dielectric or ferroelectric materials such as SrTiO3, BaTiO3, PZT and (SrBa)TiO3, and
colossal magnetoresistance materials such as (LaSr)
MaO3.
[0084] Further, use can be made of a single or multiple
component oxide for supply of each individual component.
[0085] Next, an explanation is given in respect of an
operation of forming a thin film with a combinatorial laser
molecular beam epitaxy forming apparatus.
[0086] For example, pressure in the vacuum chamber
2 is controlled to be in the order of 10-4 Torr, a substrate
5 is heated by the lamp heater 8 to a growth temperature
of, e. g., 850 °C, and the substrate holder 6 is rotated or
turned to locate the substrate 5 at a growth position. The
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target tables 10 and 10 are rotated or turned to locate
targets 12 and 12 to given positions where they are opposed to the substrate. The targets 12 and 12 are irradiated with excimer laser beams 13 and 13, e. g., pulsed,
for a given period of time.
[0087] The excimer laser beams impinging upon the
targets will bring about on their surfaces both an abrupt
build-up of heat and photo-chemical reactions and cause
raw materials to be explosively gasified, forming on the
substrate a thin film composed as aimed. Then, the
RHEED analyzer capable of observing at a mirror reflection spot thereof, oscillations that follow a repetition of
nucleus formation and flattening for each layer, strictly
monitoring a thickness of the film self-controllable for
each individual monomolecular layer.
[0088] After epitaxial growth of a substance forming
the thin film with the monomolecular layer on the substrate 5, the target tables 10 and 10 are turned to locate
the other targets 12 and 12 at those given positions to
cause a thin film of superstructure of another substance.
[0089] After preparing an artificial crystal or superlattice having a novel lattice structure on the one given substrate, the substrate holder 6 is turned for processing of
a next substrate.
[0090] If an epitaxial growth film is of a superconductor,
the oxygen partial pressure in the vacuum chamber 2 of
a reaction system is raised to meet with required oxidation conditions. In this connection, it should be noted that
this form of embodiment of the invention offers an extended pressure reducibility and allows the oxygen partial
pressure to be controlled in an extended range.
[0091] Thus, a combinatorial laser molecular beam
epitaxy apparatus according to this form of embodiment
of the invention permits [multiple raw materials] x [multiple substrates] x [reaction parameters such as temperature, pressure and flux from gas phase] to be controlled
or selected independently of one another and put together in any desired combination, and hence is capable of
producing a group of substances brought together or synthesized in a single series of reactions into a structure
systematically controlled.
[0092] An explanation is next given in respect of a combinatorial gas source organometallic molecular beam
epitaxy apparatus.
[0093] To this end, reference is made to Fig. 1 which
was used to illustrate a combinatorial laser molecular
beam epitaxy apparatus as above described, but has a
structure much common to a gas source specie of embodiment of the invention as well.
[0094] Referring to Fig. 1, a combinatorial gas source
organometallic molecular beam epitaxy apparatus according to this form of embodiment includes a vacuum
chamber 2, and a vacuum evacuation system including
an ultra-high vacuum pump 4 such as a turbo-molecular
pump, an ion pump or a cryopump for evacuating the
vacuum chamber 2 via a gate valve (not shown) to a high
vacuum.
[0095] The apparatus also includes a substrate holder
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6 rotatable for holding a plurality of substrates 5, and a
lamp heater 8 disposed in a rear side of the substrate
holder 6 for heating the substrates, a rotatable shaft 9
that supports the substrate holder 6 and the lamp heater
8, and nozzles 19 that apply flow controlled streams of
a plurality of reactive gases as raw materials such as
organometallic compounds onto a substrate. Control of
gas flows, their introductory on/off operations, and/or introductory timings may be effected ganged with control
of vacuum evacuation.
[0096] Also in the combinatorial gas source organometallic molecular beam epitaxy apparatus in which raw
materials are gas source organometallic compounds and
adsorptive surface reactions are controlling, it is effective
to employ a laser beam as instantaneous observation
means for instantaneously monitoring epitaxial growth of
an individual molecular layer and thus to irradiate the
layer growing with a laser beam and monitor changes in
intensity of the laser beam.
[0097] For monitoring epitaxial growth of each individual molecular layer, there may be utilized, for instance,
a reflectance differential spectroscopic method in which
a linearly polarized light is used for incidence on a substrate at a right angle thereto and anisotropy of a surface
structure of the layer in growth is detected from characteristics of the reflected light, or a surface light absorption
or surface light interferometric method that determines
changes in the intensity of the reflected light from changes in light absorption or optical phase caused by surface
adsorbed atoms or molecules.
[0098] To mention further, for the substrates use may
be made of a compound semiconductor material composed of elements of, e. g., III to V groups, II to V groups,
I to VII groups, II to IV groups and IV to VI groups in any
of a variety of possible combinations. Further, in place
of such a compound semiconductor, the substrates may
be Si (silicon) substrates.
[0099] A combinatorial gas source organometallic molecular beam epitaxy apparatus permits monomolecular
layers to grow epitaxially for each of the layers growing
upon monitoring and hence is capable of producing a
group of substances brought together or synthesized in
a single series of reactions into a structure systematically
controlled, here again.
[0100] An explanation will next be given in respect of
a combinatorial molecular layer epitaxy apparatus of the
present invention that is implemented in a second form
of embodiment thereof.
[0101] Fig. 2 is a view of appearance that illustrates a
combinatorial molecular layer epitaxy apparatus according to a second form of embodiment of the present invention.
[0102] A combinatorial molecular epitaxy apparatus 20
that represents the second form of embodiment includes
a common chamber 22, and a plurality of processing
chambers that include a growth chamber 24, an annealing chamber 26, a preheating chamber 28 and a substrate holder load locking chamber 34. These chambers
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22, 24, 26, 28 and 30 are each vacuum shielded or sealed
individually, forming vacuum chambers evacuated to a
high vacuum independently of one another.
[0103] In the common chamber 22, the processing
chambers constituted by the growth chamber 24, the annealing chamber 26 and the preheating chamber 28 are
vacuum shielded or sealed by and on conveying with a
carrier plate 38 a substrate heating unit 36 mounted
thereto into each of those processing chambers 24, 26
and 28, and then locking them.
[0104] The growth chamber 24 provides a stage in
which a thin film is caused to grow on a substrate, the
annealing chamber 26 a stage in which a substrate with
a thin film formed is annealed, and the preheating chamber 28 a stage in which a substrate is cleaned and preheated in a high vacuum atmosphere.
[0105] While the present forms of embodiment are thus
shown and described to conduct three processes successively in these stages, it can be seen that additional
stages such as for conducting processes of etching and
doping a given area of the substrates. Then, five independent vacuum chambers come to be included.
[0106] Character "TMP" in Fig. 2 stands for a turbo
molecular pump, typically with a rotary pump as an assistant pump, and by which each of the processing chambers is evacuated to an ultra-high vacuum, via a gate
valve unit (not shown).
[0107] Each of the vacuum chambers also has pressure therein controllable by a valve unit (not shown) with
a valve opening adjustable and may be provided with a
further valve unit and a mass flow meter (not shown) to
permit oxygen or dry nitrogen to be admitted in a flow
adjusted.
[0108] The common chamber 22 is made to communicate with the growth chamber 24, the annealing chamber 26 and the preheating chamber 28 via openings 42,
42, 42 formed in a partition 39 each of which has around
it an annular groove in which an O-ring 41 is fitted. Further, the growth chamber 24, the annealing chamber 26
and the preheating chamber 28 are each vacuum sealed
or shielded and held fixed to the partition 39.
[0109] In Fig. 2 three substrate heating units 36 are
shown in the common chamber 22, each accommodated
in a cylindrical housing 35 which also accepts a substrate
holder 48 and a chuck 45 therefor as well as a lamp heater
8 of the substrate heating unit 36 (see Fig. 4).
[0110] These substrate heating units 36 are each vacuum shielded or sealed at a flanged upper end 31 of the
cylindrical housing 35 to, and are carried by, the carrier
plate 38 for both rotary conveyance and vertical movement by a shaft 43 for revolution.
[0111] The shaft for revolution 43 is made to rotate by
a rotational drive mechanism 60 and to vertically move
by a translational movement drive mechanism 70, both
in a state in which the common chamber 22 remains vacuum shielded or sealed.
[0112] The housing 35 has its lower end flanged 33 as
well which when the carrier plate 38 reaches its end po-
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sition is placed in pressure contact with the O-ring 41
(Fig. 4) fitted in the annular groove around the opening
42 in the partition 39 to make the housing 35 vacuum
shielded or sealed in isolation from the common chamber
22. Then, the substrate heating units 36, 36 and 36 and
the processing chambers constituted by the growth
chamber 24, the annealing chamber 26 and the preheating chamber 28 are designed to be evacuated and to
have pressure therein controlled, and to be heated to
respective temperatures given, independently of one another.
[0113] As shown in Fig. 2, the substrate holder loading
lock chamber 34 is attached via a gate valve 46 to the
common chamber 22 and has a stock housing 49 disposed therein which carries a plurality of substrate holders 48 each loaded with substrates 5. The substrate holder loading lock chamber 34 is also provided with a clip
member 52 that is externally operable to transfer a substrate holder 48 out of the chamber 34 into the common
chamber 22 in the state in which the chamber 34 is held
at high vacuum, for reception by a chuck 45 in the substrate heating unit 48.
[0114] The growth chamber 24 is identically constructed itself to that in the combinatorial laser molecular beam
epitaxy apparatus shown in Fig. 1 except that only one
lamp heater is here provided therefor.
[0115] Further, it should further be noted that in a laser
molecular beam epitaxy as shown in Fig. 2, a target loading lock chamber 32 is attached via a gate valve 47 to
the growth chamber 24 and has a plate 54 disposed
therein which carries a plurality of targets 12. The target
loading lock chamber 32 is associated with a clip member
56 which is externally operable to transfer a target 12 out
of the chamber 32 onto a target plate (not shown) in the
state in which the chamber 32 is held at high vacuum.
[0116] Mention is next made of details of a growth
chamber.
[0117] Fig. 3 is a view of appearance that illustrates
essential portions of a growth chamber in a combinatorial
laser molecular beam epitaxy apparatus, depicting an
independent vacuum chamber constructed of a substrate
heating unit and a growth chamber.
[0118] As shown in Fig. 3, a vacuum chamber 100
comprising a substrate heating unit 36 and a growth
chamber 24 is set up with the substrate heating unit 36
brought in pressure contact with a partition (illustration
omitted). A plurality of substrates 5 is shown as held by
a substrate holder 48 that is carried rotatably and mounted to a substrate holder rotational drive unit 84 (shown
in Fig. 2).
[0119] The growth chamber 24 is provided therein with
a rotatable target table 10 disposed as opposed to the
substrate holder 48, and a masking plate 102 placed between the substrate holder 48 and the target table 10.
The masking plate 102 has different masking patterns
formed therein, e. g., of eight types.
[0120] While the masking plate is shown to be disk
shaped, it may as an alternative be in the form of a shutter
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with shutter plates movable from opposite sides. Then,
such a masking plate is carried so as to be both rotatable
and movable vertically up and down.
[0121] A plurality of targets of different solid raw materials are loaded on the target table 10. The apparatus
further includes a light source or laser 14 for an excimer
laser beam 13 for vaporizing a target material 12, a lens
15 for focusing the laser beam, a window 16 for admitting
the laser beam into the vacuum chamber 100, an electron
gun 18 for reflex high-energy electron diffraction (hereinafter referred to "RHEED") analysis, and a screen 17
for RHEED.
[0122] The target table 10 and the masking table 102
are each carried so as to be both rotatable and vertically
movable up and down in the state of holding the pressure
of the growth chamber 24, and are provided with target
table rotational and translational movement drive mechanisms and masking plate rotational and translational
movement drive mechanisms, respectively.
[0123] Use is made, especially for the masking rotational drive mechanism, of a stepping motor precision
driven to permit a thin film to grow with a controlled film
thickness in a preselected area.
[0124] The growth chamber 24 is also provided with
an atmospheric air or nitrogen admitting system for restoring to a normal pressure, and a gas supply system
for oxygen and reactive gases fed onto a substrate
through nozzles when a high temperature superconductor oxide epitaxy is to be effected (neither system shown).
[0125] Further, the home position and the angular displacement of each of the substrate holder 48, the masking plate 102 and the target table 10 rotated or turned is
made controllable by a control unit not shown. Specifically, the control unit is made to act on their respective
rotational drive mechanisms so as to allow a particular
type of target material and a particular type of masking
pattern 104 to be selected for a given substrate on which
and at a given position of which a thin film is intended to
grow, to allow an epitaxial growth for each individual molecular layer to be instantaneously monitored through
RHEED analysis, and to allow the duration of a pulsed
irradiating excimer laser beam to be controlled in accordance with such instantaneous monitoring.
[0126] An explanation is next given of an operation of
the combinatorial laser molecular beam epitaxy apparatus according to the second form of embodiment described, in the process of forming a thin film on a substrate.
[0127] With reference to Fig. 3, pressure in the vacuum
chamber 100 is controlled to a high vacuum in the order
of, e. g., 10-4 Torr. A given substrate 5 is positioned at a
growth position by rotating the substrate holder 6, or while
it is heated by the lamp heater 8 to a growth temperature,
e. g., 850 °C. To correspond to this particular substrate,
a particular masking pattern is selected through the
masking plate rotating drive mechanism. A target 12 so
as to be opposed to the substrate at its growth position
is located at a given corresponding position by turning
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the target table 10, and the target 12 is then irradiated
with an excimer laser beam, e. g., pulsed, for a predetermined period of time. Post-processing processes are
the same as in the first form of embodiment previously
described.
[0128] The operation described above may be used to
effect a given combinatorial synthesis on a plurality of
substrates with a fixed masking pattern. If a plurality of
thin films that are different in composition are to be formed
on a plurality of given areas of a substrate or superlattices
with varying laminar structures are to be prepared on a
substrate, the masking plate may successively be displaced to bring different masking patterns into position
to cover and uncover given areas on the substrate. Further, above mentioned masking is possible by using the
shutter plates to cover and uncover given areas on the
substrate.
[0129] The combinatorial laser molecular beam epitaxy apparatus according to the present form of embodiment thus permits [multiple raw materials] x [multiple
substrates] x [reaction parameters such as temperature,
pressure and flux from gas phase] to be selected or controlled independently of one another and put together in
any desired combination, and hence is capable of synthesizing or bringing together a group of substances in
a single series of reactions into a structure systematically
controlled.
[0130] Yet, it should be noted that while the growth
chamber is described above for combinatorial laser molecular beam epitaxy, the growth chamber for gas source
molecular beam epitaxy is modified to include means for
applying through a nozzle onto each substrate a gas
source organometallic compound in a controlled flow as
the multiple raw material supply means for supplying a
film composing raw material onto a substrate at a growth
position in the substrate holder. Such a modification represents the construction shown and described for the first
form of embodiment.
[0131] Fig. 4 is a detailed cross sectional view that
shows a substrate heating unit according to the second
form of embodiment of the present invention, depicting
the carrier plate having been moved to its end position
to place the substrate heating unit in contact with the
partition.
[0132] As shown in Fig. 4, the substrate heating unit
36 includes a cylindrical housing 35 having its opposite
ends flanged 31 and 33, a lamp holder 82 disposed
across the center line of the housing 35, and a lamp heater 8 mounted on the lamp holder 82 as well as a substrate
turning mechanism for rotating the substrate holder.
[0133] The lamp heater 8 needs to be cooled to ensure
its safety and temperature control stability. To this end,
the lamp heater has a water cooling pipe line 201 led
from the substrate heating unit and connected, via a bulk
head union 203 vacuum sealed to the carrier plate 38,
to a cooling water circulation piping assembly 200 disposed to encircle the shaft for revolution 43 and having
cooling water supply and return pipe lines 202 and 202.
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[0134] For the lamp heater an electrode plug 101 is
provided as vacuum sealed to the carrier plate 38. Although not shown here but will be described later in detail,
an electric power supply wiring for the lamp heater 8,
signal lines for temperature control thermocouples and
so forth for the lump heater are lead to run through the
inside of the shaft for revolution 43 and lead to its outside
as vacuum sealed.
[0135] The substrate revolving mechanism includes a
substrate holder rotating member 84 arranged outside
of the lamp holder 82, and a chuck 45 mounted on the
rotating member 84 for positioning the substrate holder
48 at a focal point provided by the lamp heater 8.
[0136] The substrate holder rotating member 84 includes at its upper end a gear for rotation 83 in mesh with
a gear 85 fastened to one end of a shaft for rotation 86
which has at its other end a gear for rotation 88 in mesh
with a gear for revolution 65. Further, the substrate holder
rotating member is provided at its lower end with a bearing 87.
[0137] Mention is next made of a substrate holder.
[0138] Figs. 5(a) and 5(b) illustrate a substrate holder
in a perspective view of appearance and in a cross sectional view, respectively. Fig. 5(b) also depicts an orientation of the substrate holder relative to the lamp heater 8.
[0139] Referring to Fig. 5, the substrate holder shown
is in the form of a disk formed with a hollow interior 311
and laterally having an annular recess 310 to hold the
substrate holder in the chuck 45. On a surface of the
substrate holder at its side opposite to its hollow or bottom
open side are mounted a plurality of substrates 5. The
hollow and bottom open interior is provided to have a
suitable depth such as to allow the substrates to be effectively heated and yet to an extent sufficient to prevent
deformation of the substrate holder. Further, while substrates are shown mounted as plural in number, it should
be noted that only one substrate may be mounted. If a
plurality of substrates are mounted, it is preferred that
they be arranged along a circle or circles on the disk
surface around its center.
[0140] Such a substrate holder with a moderately hollow interior prevents deformation of its body portion, yet
permitting effective heating of substrates.
[0141] Figs. 6(a) and 6(b) illustrate a substrate holder
that represent a modification of the substrate holder of
Figs. 5(a) and 5(b), in a perspective view of appearance
and in a cross sectional view, respectively. Fig. 6(b) also
shows the lamp heater 8.
[0142] As shown in Figs. 6(a) and 6(b), a modified substrate holder 308 is formed with a plurality of openings
309 in the form of slits arranged so as to surround a disk’s
central area in which a substrate 5 is placed. With such
a substrate holder 308, a substrate 5 is heated by focusing heat rays emitted by the lamp heater 8 on an substrate
holder surface area on which the substrate 5 is supported. While the substrate is heated by heat conduction in
a portion of the substrate holder defined by the slit openings 309, presence of these openings 309 is found to
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reduce escape away from that portion of heat conducted.
Further, it should be noted that substrates need not be
singular but may be plural. If a plurality of substrates are
mounted, slit openings 309 may be formed either just to
surround, or around, them.
[0143] Such a substrate holder 308 permits one or
more substrates to be heated effectively and increases
evenness of heating temperature.
[0144] Figs. 7(a) and 7(b) shows an alternative form
of the substrate holders described above, in a perspective view of appearance and in a cross sectional view,
respectively. Fig. 7(b) also depict an orientation of the
alternative substrate holder relative to the lamp heater 8.
[0145] Referring to Figs. 7(a) and 7(b), the alternative
substrate holder 48 includes a holder ring 320 having its
outer peripheral wall formed with an annular recess 310
for holding the substrate holder in a chuck 45 and its inner
peripheral wall ending with an inner stepped edge or
shoulder portion on which a holder plate 330 is seated
inside of the holder ring 320 and in contact with an extremely limited area.
[0146] Such a substrate holder 48 when attached to
the chuck 45 is so oriented as to place the holder place
330 at a focal area of heat rays emitted by the lamp heater. It should be noted further that the holder plate 330
may be formed on its side wall with minute projections
315 having rounded ends so it can be fitted snugly in the
holder ring 320.
[0147] Also, the holder plate 330 is advantageously
formed of a material that is high in heat absorbing efficiency. Further, an oxidated or oxide material is formed
on the disk surface facing the lamp heater 8 to maximize
the heat absorbing efficiency of the holder plate 330. For
example, if the lamp heater is constituted by an infrared
heater, it is desirable that the holder plate be formed of
inconel and then have its surface oxidated at a high temperature around 1000 °C to form an oxide 313 colored
in black so it has a maximum heat absorbing efficiency.
[0148] A substrate holder so constructed allows its
holder plate to be heated by a lamp heater at a maximum
heat efficiency and minimizes escape from the peripheral
area of the holder plate of heat conducted. Accordingly,
it has the effect of rendering the holder plate temperature
uniform.
[0149] An explanation is next given in detail in respect
of a rotational drive mechanism for rotating the carrier
plate and a translational movement drive mechanism for
translationally moving the carrier plate vertically.
[0150] Referring to Fig. 2, a rotational drive mechanism
60 for rotating the carrier plate 38 is shown to include a
motor 61 mounted on a translational movement plate 72,
a shaft 62 for transmission of a driving power of the motor
61, and a drive gear 64 attached to an end portion of the
shaft 62. The drive gear 64 is in mesh with the gear for
revolution 65 provided for the revolution shaft for transmission of the rotational driving power thereto.
[0151] It should be noted further that the rotational
shaft 62 is made to pass through the inside of a flexible
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tube 82 included to provide a vacuum shield between the
movement table 72 and the growth chamber 22.
[0152] Referring to Figs 2 and 4, the shaft for revolution
43 has at its end portion a support member 92 fixed thereto that fixes the carrier plate 38 thereto by means of a
plurality of holder shafts 91. And, the gear for revolution
65 is coupled to the support member 92 to be rotatable
relative thereto at a given torque via a bearing 93.
[0153] Referring to Fig. 2, the translational movement
drive mechanism 70 includes a bracket 73 secured to an
upper cover or top 71 of the common chamber 22, a
rotary shaft 75 coupled to a motor 74 so as to be rotationally driven thereby, and the translational movement
plate 72 to be moved translationally in vertical directions
as the rotary shaft 75 is rotated. The shaft for revolution
42 extends through the inside of a flexible tube 83 included to provide a vacuum shield or seal between the translational movement plate 72 and the growth chamber 22,
is magnetically shielded by a magnetic shielding unit 77
mounted on the translational movement plate 72, and is
rotatably supported thereby. The magnetic shielding unit
here is provided to vacuum shield the shaft for revolution
by means of a magnetofluid.
[0154] Next, mention is made of an operation, first of
the translational movement drive mechanism.
[0155] Referring to Figs. 2 and 4, when the translational movement plate 72 is placed at an upper starting position, the rotary shaft 75 is rotated by the motor 74 to
cause the plate 72 to descend. Then, the flexible tubes
82 and 83 are going to shrink. As the plate 72 descends,
the shaft for revolution 43 will descend. And, a continued
descent of the shaft for revolution 43 will bring the flange
33 of the substrate heating unit 36 attached to the conveying plate 38 into pressure contact with the O-ring 41,
the substrate heating unit thus coming to a halt.
[0156] Thus, each of the vacuum chambers is vacuum
shielded or sealed to the substrate heating unit 36, then
permitting them to be independently evacuated and pressure controlled, and to be each heated to a given temperature.
[0157] An explanation is next given in respect of operations of the conveying plate and the substrate revolving
drive mechanism.
[0158] Referring to Figs. 2 and 4, when the translational movement plate 72 lies at its upper starting position,
a rotational driving power provided by the motor 61 is
transmitted to the shaft 62 to rotate the drive gear 64.
The drive gear 64 when rotated rotates the gear for revolution 65 and in turn the shaft for revolution 43, causing
the carrier plate to rotate and thereby revolving the substrate heating unit 36. Then, the gear for rotation 88 is
caused to rotate, transmitting rotational drive via the rotary shaft 86 to the rotary gear 83 to turn the substrate
holder rotating member 85 and thus to rotate the substrate holder 48. It should be noted in this connection that
each of the shaft for revolution 43, the rotary shaft 62 and
the rotary shaft 86 are caused to rotate in the state in
which each is vacuum shielded or sealed in its respective
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vacuum chamber.
[0159] Therefore, not only is it possible to convey the
substrate heating unit at the carrier plate to any given
one of the vacuum chambers but it is also possible to
rotate the substrate holder 48.
[0160] When the carrier plate 38 have been translationally moved to its lower end position with the substrate
heating unit held vacuum shielded in isolation from the
common chamber, the substrate heating unit locked in
pressure contact with the O-ring (hence the shaft for revolution held from descending further and thus locked)
permits the gear for revolution 65 with rotational driving
power transmitted from the rotary shaft 62 to be rotated
relative to the shaft for revolution via the bearing 93 and
to rotate the gear for rotation 88 and in turn the substrate
holder rotating member 85, thereby rotating the substrate
holder 48.
[0161] Consequently, the substrate holder can be
brought into rotation in any one of the vacuum chambers.
[0162] An explanation is next given in respect of the
shaft for revolution.
[0163] Fig. 8 illustrates in a cross sectional view the
shaft for revolution for use in the second form of embodiment of the present invention.
[0164] Referring to Fig. 8, the shaft for revolution 43
passes through a center of the combinatorial molecular
layer epitaxy apparatus 20 according to the second form
of embodiment, and extends across the common chamber at a vacuum and an outside thereof under an atmospheric pressure.
[0165] The shaft for revolution 43 has its upper end
tight sealed with a slip ring 301 for vacuum shielding or
sealing. Electrical wires led through the inside of the shaft
for revolution are connected to a joint of the slip ring 301
that is attached to the shaft for revolution and axial movement therewith in sliding contact with its upper fixed
takeout part ensure electrical connection.
[0166] Thus, using a slip ring allows the electrical wires
led through the inside of the shaft for revolution to be
connected through sliding contact to an external electrical system, even if the shaft for revolution is rotated and
axially moved.
[0167] Hence no twisting of electrical wires accompanies even with such a shaft as is rotated and axially
moved.
[0168] Fig. 9 illustrates details of the shaft for revolution
in the second form of embodiment including fluid passages for cooling a lamp heater.
[0169] Referring to Fig. 9, the shaft for revolution 43 is
provided with an inner and an outer cooling water conduits 401 and 403 coaxially. Cooling water is introduced
from a cooling water inlet port 402 of a cooling water
sealing unit 405 into the inner cooling water conduit 401.
The cooling water is flowing out through an outlet port
404 in an end portion of the shaft for revolution 43 and
then past the cooling water fluid passages of the lamp
heater 201 and 202 (Fig. 2) is returned through a return
inlet port 406. The return water is passed through the
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outer conduit 403 and discharged through a drain port
408 of a cooling water sealing unit 408. Further, it should
be noted that the cooling water sealing units 405 and 407
are joined together and secured to the bracket (Fig. 3).
The cooling water sealing units 405 and 407 are sealed
water-tight with O-rings 409.
[0170] Consequently, a rotation of these conduits carried on the shaft for revolution accompanies no twisting
of cooling water conduits.
[0171] An explanation is next given in respect of an
operation in a process by an apparatus of the second
form of embodiment of the invention. It should be noted
that for the growth chamber an example is taken of a
laser molecular beam epitaxy system, and specific conditions indicated are only for illustration.
[0172] Under a given pressure and at the room temperature, the carrier plate 38 is placed at its upper starting
position, and a first substrate holder 48 is loaded into the
chuck 45. Then, the carrier plate 38 is lowered to bring
the respective substrate heating units 36 into pressure
contact with their corresponding O-rings 41 and bring
them to a halt. The preheating chamber 28 is held at a
high vacuum, e. g., at 10-6 Torr in which cleaning is performed, and the temperature is raised at a rate of 10 °C/
minute up to 950 °C.
[0173] On lapse of a given period of time, while the
temperature of each of the substrate heating units is held
unvaried, the common chamber and each of the vacuum
chambers are returned to a given pressure, and the carrier plate 38 is moved to its upper starting position. Then,
the carrier plate 38 is rotated to convey the substrate
heating unit 36 loaded with the first substrate holder 48
to a position above the growth chamber 24. In this stage,
a second substrate holder 48 with substrates to be processed next is or has been loaded into the chuck 45 of
another substrate heater unit 36 which corresponds to
the preheating chamber 28 at the room temperature,
namely of that substrate heating unit 36 with the lamp
heater 8 turned off.
[0174] The carrier plate 38 is then lowered to isolate
the vacuum chambers from one another. The growth
chamber 24 is evacuated, and held at a high vacuum, e.
g., at 10-4 Torr, and heated and held heated at a temperature of 950 °C, in which state a laser molecular beam
epitaxial growth is accomplished therein. In this stage,
the preheating chamber 28 is maintained at a high vacuum of 10-6 Torr and heated to raise its temperature at
a rate of 10 °C/minute up to 950 °C.
[0175] In the growth chamber 24, molecular layer epitaxial growth for individual monomolecular layers may be
effected to form a superstructure or superlattice successively on each of the substrates by permitting the substrate holder to be rotated. Thereafter, each of the vacuum chambers and the common chamber 22 are returned to a given pressure while the set temperature of
950 °C is maintained. Then, the carrier plate 38 are again
moved to its upper starting position, and its rotation follows to convey the substrate heating unit 36 loaded with
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the first substrate holder 48 to a position above the annealing chamber 26. In this stage, a third substrate holder
48 is or has been loaded into the chuck 45 of the substrate
heating unit 36 that corresponds to the preheating chamber 28.
[0176] The carrier plate 38 is then lowered again to
isolate the vacuum chambers from one another. The annealing chamber 28 is reduced in pressure, and held at
a pressure of, e. g., at 1 Torr, and cooled from a temperature of, e. g., from 950 °C at a cooling rate of 10 °C
/minute for a given period of time for annealing. In the
annealing chamber control is effected to make the oxygen partial pressure optimum. After the lamp heater 8 is
turned off to bring the annealing chamber at a room temperature, each of the vacuum chambers and the common
chamber 22 are turned to a given pressure while leaving
the other substrate heating units 36 and 36 at 950 °C. In
this state, the carrier plate 38 is moved to its upper starting
position and is then rotated to return to its home position.
The substrate holder with the substrates each with the
epitaxial growth is removed and transferred into the stock
housing 49. Then, the chuck 45 of the substrate heating
unit 36 is loaded with a new, fourth substrate holder loaded with substrates to be processed.
[0177] Thus, the above described form of embodiment
of the invention as well, permits [multiple raw materials]
x [multiple substrates] x [reaction parameters such as
temperature, pressure and flux from gas phase] to be
selected or controlled independently of one another and
put together in any desired combination, and hence is
capable of synthesizing or bringing together in a single
series of reactions a group of substances into a structure
systematically controlled.
[0178] Moreover, an arrangement is provided in which
the growth chamber 24 for forming monomolecular epitaxial growth layers on substrates, the annealing chamber 28 for annealing the thin film growth formed on substrates and the cleaning chamber 28 for preliminarily
cleaning substrates are associated respectively with corresponding heating units 36, 36 and 36, and that has
rendered pressure and temperatures controllable individually for each of the chamber/unit pairs, thus independently one pair from another. Consequently, it is
made possible to convey substrates without the need for
cooling or temperature reduction and to carry out the successive processes consecutively or without interruption.
[0179] An explanation is next given of a third form of
embodiment of the present invention.
[0180] Fig. 10 illustrates the third form of embodiment
in its appearance view.
[0181] In the third form of embodiment, the invention
employs a construction in which heating units are arranged not on a circle but in a row, and so are arranged
vacuum chambers corresponding to the heating units.
Yet, it should be noted that the substrate holder loading
lock chamber and so on are omitted.
[0182] As shown in Fig. 10, a combinatorial molecular
layer epitaxy apparatus according to the third form of
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embodiment 400 includes a common chamber 422 in
which substrate heating units 436 are conveyed into their
respective processing chambers constituted by a preheating chamber 410, a growth chamber 412, an etching
chamber 414 and an annealing chamber 416 and locked
therewith, respectively. Each of the process chambers
are thereby vacuum shielded or sealed to form an independent vacuum chamber that permits independent
evacuation to a given high vacuum.
[0183] The common chamber 422 is designed to communicate with the preheating chamber 410, the growth
chamber 412, the etching chamber 414 and the annealing chamber 413 through their respective openings 42
formed in a partition 439 each of which has an O-ring
fitted in an annular groove formed around it. Further, each
of the chambers is vacuum sealed to the partition 439
and securely held thereby.
[0184] The substrate heating units 436 is carried by a
carrier plate 438 adapted to be moved vertically by vertically movable shafts 401 and 401 and are supported,
e. g., on a chain conveyer, to move along a looped path
402 formed in the carrier plate 438. It should be noted
further that a motor 429 is provided to convey the substrate heating units 436 along the looped chain conveyer
path 402, and a motors 421 are also provided to rotate
the substrate holders retained in the substrate heater
units 436, respectively.
[0185] Fig. 11 illustrates in somewhat detailed view a
substrate heating unit in the third form of embodiment of
the invention, in which the same reference characters as
used in Fig. 2 represent parts or components which are
common to those in the second form of embodiment.
[0186] Referring to Fig. 11, the substrate heating unit
in the third form of embodiment 436 is carried by the
carrier plate 438 by means of a shaft 406 and is provided
with a rotational drive mechanism for rotating the substrate holder in a configuration as shown in Fig. 2. The
motor 421 for applying a rotational driving power to the
rotary shaft 86 is carried on a top or upper cover 418.
[0187] Mention is next given of an operation of the third
form of embodiment.
[0188] The carrier plate 438 is lowered to bring the
flange 33 of the substrate heating unit 436 in pressure
contact with the O-ring on the partition. The O-ring compressed causes the substrate heating unit to come to a
halt. In this stage, each of the vacuum chambers is or
has been vacuum sealed, individually evacuated to a given vacuum with pressure controlled and heated or has
been heated to a given temperature, independently of
one another.
[0189] Subsequently, the carrier plate 438 is caused
to ascend and to come to a halt at its upper starting position, permitting the substrate heating units to move horizontally for positioning above their respective vacuum
chambers. In movement of the substrate heating units,
the substrate holder is rotated and a given temperature
is held therefor.
[0190] This arrangement here again permits each of
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the vacuum chamber to be vacuum shielded or sealed
to its heating counterpart, individually evacuated to a given vacuum with pressure controlled and heated to a given
temperature, independently of one another.
[0191] It should be noted in connection with the above
that the growth chamber may have a construction as in
the first or second form of embodiment.
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3.

A combinatorial molecular layer epitaxial growth apparatus as set forth in claim 1, characterized in that
said multiple raw material supply means includes a
laser molecular beam epitaxy means and a said substrates is composed of a material selected from the
group which consists of α -Al2O3’ YSZ, MgO, SrTiO3,
LaAlO3, NdGaO3, YAlO3, LaSrGaO4, NdAlO3, Y2O5,
SrLaAlO4, CaNdAlO4, Si and compound semiconductors.

4.

A combinatorial molecular layer epitaxial growth apparatus as set forth in claim 1 or claim 2, characterized in that said multiple raw material supply means
includes a laser molecular beam epitaxy means, and
the target solid raw materials includes substances
adapted to form a material selected from the group
which consists of a high temperature superconductor, a luminescent material, a dielectric material, a
ferroelectric material, colossal magnetoresistance
material and an oxide material.

5.

A combinatorial molecular layer epitaxy apparatus
as set forth in any one of claims 1 to 4, characterized
in that said multiple raw material supply means includes a target turn table supported to be rotatable
and vertically movable for carrying targets, and a
masking plate means disposed between said targets
and said substrates and supported to be rotatable
and vertically movable.

6.

A combinatorial molecular layer epitaxy apparatus
as set forth in claim 5, characterized in that said
masking plate means includes a plurality of masking
plates having different masking configurations which
are exchangeable in succession while epitaxial
growths are effected.

7.

A combinatorial molecular layer epitaxy apparatus
as set forth in claim 5, characterized in that said
masking plate means comprises a mask movable
horizontally with respect to said substrates and is
adapted to cover and uncover either or both of a said
substrate and a given area thereof with said movable
mask.

8.

A combinatorial molecular layer epitaxy apparatus
as set forth in claim 1, characterized in that said
multiple raw material supply means includes a laser
molecular beam epitaxy means, and said instantaneous observation means comprises a reflex highenergy electron beam diffraction analysis means.

9.

A combinatorial molecular layer epitaxy apparatus
as set forth in claim 1, characterized in that the
apparatus further includes a target loading lock
chamber for loading said growth chamber with targets therein.

5

Industrial Applicability
10

[0192] As will be apparent from the foregoing description, a combinatorial molecular layer epitaxy apparatus
according to the present invention is extremely useful as
a monomolecular layer epitaxy apparatus to make an
efficient search for a material or substance efficiently in
a short period of time.
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Claims
20

1.

A combinatorial molecular layer epitaxy apparatus
comprising: a common chamber having pressure
therein controllable; one or more conveyable substrate heating units having a substrate holder for
holding one or more substrates in the common
chamber; and one or more process conducting
chambers having pressure therein controllable and
provided to correspond to the substrate heating
units,
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said process conducting chambers including a
growth chamber which has a multiple raw material supply means for supplying raw materials
onto a said substrate held by a said substrate
heating unit, a gas supply means for feeding a
gas onto a surface of the substrate, and an instantaneous observation means for instantaneously observing epitaxial growth of monomolecular layers for each of the layers on the substrate surface,
thereby permitting growth temperature, pressure and supply of the raw materials to be controlled for each of the substrates and producing
a group of substances caused each to grow epitaxially in an individual monomolecular layer and
brought together for each of the substrates, systematically in accordance with indications of the
instantaneous observation means.
2.

A combinatorial molecular layer epitaxial growth apparatus as set forth in any one of claims 1 to 3, characterized in that said multiple raw material supply
means includes a laser molecular beam epitaxy
means for vaporizing with an excimer laser beam a
plurality of targets of different solid raw materials and
for forming a thin film of a composition as aimed on
each of the substrates.

35

40

45

50

55

14

27

EP 1 038 996 B1

10. A combinatorial molecular layer epitaxy apparatus
as set forth in claim 1, characterized in that said
multiple raw material supply means includes a gas
source molecular beam epitaxy means adapted to
spray and thereby to supply a flow controlled stream
of a gaseous organometallic compound through a
nozzle means onto each of said substrates.
11. A combinatorial molecular layer epitaxy apparatus
as set forth in claim 1, characterized in that said
multiple raw material supply means includes a gas
source molecular beam epitaxy means, and said instantaneous observation means comprises an optical means that makes observation based on any of
reflectance differential spectroscopic, surface light
absorbing and surface light interferometric processes.
12. A combinatorial molecular layer epitaxy apparatus
as set forth in any one of claims 1, 10 and 11, characterized in that said multiple raw material supply
means includes a gas source molecular beam epitaxy means, and said substrates comprise substrates composed of Si or a compound semiconductor.
13. A combinatorial molecular layer epitaxy apparatus
as set forth in claim 1, characterized in that said
substrates comprise a substrate whose surface is
made flat on an atomic level and whose outermost
atomic layer is identified.
14. A combinatorial molecular layer epitaxy apparatus
as set forth in claim 1, characterized in that said
common chamber is provided with a substrate holder
loading lock chamber for exchanging the substrate
holders in a state in which a high vacuum is held
therefor.
15. A combinatorial molecular layer epitaxy apparatus
as set forth in claim 1, characterized in that a said
substrate heating unit is adapted to contact with its
corresponding process conducting chamber to vacuum seal the same, said substrate heating unit and
process conducting chamber then forming an independently pressure controllable vacuum chamber.
16. A combinatorial molecular layer epitaxy apparatus
as set forth in claim 1 or 15, characterized in that
said substrate heating units are jointly adapted to be
turned around and vertically moved by a carrier plate
so as to be conveyed into association with said process conducting chambers in succession.
17. A combinatorial molecular layer epitaxy apparatus
as set forth in claim 1, characterized in that the
apparatus further includes a shaft for revolution in
the form of a tubular cylinder connected to an electric
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wiring and a service water piping outside of said common chamber and adapted to be turned and vertically moved in a state in which said common chamber means is held at vacuum, connecting a cooling
water piping disposed in a region of each of said
substrate heating units with connected to said service water piping, and a carrier plate with its center
disposed in coincidence with an axis of rotation of
said shaft for revolution.
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18. A combinatorial molecular layer epitaxy apparatus
as set forth in 17, characterized in that said shaft
for revolution has attached thereto, a slip ring adapted to vacuum seal an upper end of said shaft for
revolution and to connect said upper end electrically
to said external electrical wiring, a cooling water sealing means for connection to said external service
water piping, and a cooling water conduit means connected water tight to said cooling water sealing
means and having said shaft for revolution passed
therethrough coaxially to permit said shaft to rotate
in a sliding contact therewith.
19. A combinatorial molecular layer epitaxy apparatus
as set forth in claim 17 or 18, characterized in that
said cooling water conduit means comprises an inner
and an outer cooling water conduits disposed coaxially with said shaft for revolution and forming a single
cooling water passage.
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20. A combinatorial molecular layer epitaxy apparatus
as set forth in any one of claims 1 and 15 to 17,
characterized in that a said substrate heating unit
includes a substrate turning mechanism for rotating
said substrate holder.
21. A combinatorial molecular layer epitaxy apparatus
as set forth in any one of claims 1 and 15 to 17,
characterized in that said substrate heating units
are turnable and each includes a substrate turning
mechanism that provides a rotation from a driving
power for revolving said substrate heating units.
22. A combinatorial molecular layer epitaxy apparatus
as set forth in any one of claims 1, 15 to 18, 21 and
22, characterized in that a said substrate heating
unit includes a substrate turning mechanism for rotating said substrate holder in a said vacuum chamber.
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23. A combinatorial molecular layer epitaxy apparatus
as set forth in claim 1, characterized in that said
process conducting chambers include an annealing
chamber for annealing substrates held by a said substrate holder, a preheating chamber for preheating
the substrates held by said substrate holder to a given temperature in a high vacuum, and a growth
chamber for forming a thin film on a said substrate
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held by said substrate holder, and an etching chamber for etching said substrate with the thin film
caused to grow and formed thereon.
24. A combinatorial molecular layer epitaxy apparatus
as set forth in any one of claims 1, 14 and 20 to 23,
characterized in that a said substrate holder is
formed with openings each in the form of a slit, arranged to surround one or more substrates.

tung, die umfasst:
eine gemeinsame Kammer, deren Innendruck
steuerbar ist; ein oder mehrere transportierbare
Substratheizeinheiten mit einem Substrathalter
zum Halten eines oder mehrerer Substrate in
der gemeinsamen Kammer; und eine oder mehrere Prozessausführungskammern, deren Innendruck steuerbar ist und die so vorgesehen
sind, dass sie den Substratheizeinheiten entsprechen,
wobei die Prozessausführungskammern eine
Wachstumskammer, die RohmaterialvielfaltZufuhrmittel zum Zuführen von Rohmaterialien
auf ein durch eine Substratheizeinheit gehaltenes Substrat, ein Gaszufuhrmittel zum Zuführen
eines Gases auf eine Oberfläche des Substrats
und ein Sofortbeobachtungsmittel zum sofortigen Beobachten des epitaktischen Wachstums
monomolekularer Schichten für jede der Schichten auf der Substratoberfläche besitzt,
wodurch es möglich ist, systematisch in Übereinstimmung mit Angaben der Sofortbeobachtungsmittel die Wachstumstemperatur, den
Druck und die Zufuhr der Rohmaterialien für jedes der Substrate zu steuern und eine Gruppe
von Substanzen herzustellen, deren epitaktisches Wachstum in einer individuellen monomolekularen Schicht hervorgerufen wird und die
für jedes der Substrate zusammengebracht
werden.
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25. A combinatorial molecular layer epitaxy apparatus
as set forth in any one of claims 1, 14 and 20 to 23,
characterized in that a said substrate holder is in
the form of a disk that is hollow inside and having its
side wall formed with an annular groove that permits
said substrate holder to be held on a said substrate
heating unit.
26. A combinatorial molecular layer epitaxy apparatus
as set forth in any one of claims 1, 14 and 20 to 23,
characterized in that a said substrate holder comprises a holder ring having a stepped edge inside
and having its side wall formed with an annular
groove that permits said substrate holder to be held
on a said substrate heating unit, and a holder plate
in the form of a disk to be seated on the stepped
edge of said holder ring for supporting one or more
substrate on its side facing said substrate heating
unit, said disk holder plate being formed of a material
that is high in heat absorbing efficiency.
27. A combinatorial molecular layer epitaxy apparatus
as set forth in claim 26, characterized in that said
holder plate formed of said material that is high in
heat absorbing efficiency is constituted by an inconel
plate with a surface region oxidated at a high temperature.
28. A combinatorial molecular layer epitaxy apparatus
as set forth in any one of claims 1 and 15 to 17,
characterized in that said substrate heating means
comprises a lamp heater.
29. A combinatorial molecular layer epitaxy apparatus
as set forth in any one of claims 26 to 28, characterized in that said substrate holder is arranged to
lie at a focusing position of the lamp heater.
30. A combinatorial molecular layer epitaxy apparatus
as set forth in claim 26 or claim 27, characterized
in that said holder plate is arranged to lie at a focusing position of the lamp heater constituting said substrate heating unit.
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2.

Kombinatorische Molekularschicht-Epitaxiewachstumsvorrichtung nach einem der Ansprüche 1 bis 3,
dadurch gekennzeichnet, dass das Rohmaterialvielfalt-Zufuhrmittel ein Laser-MolekularstrahlEpitaxiemittel zum Verdampfen mehrerer Targets
unterschiedlicher fester Rohmaterialien mit einem
Excimer-Laser und zum Bilden einer Dünnschicht
mit einer Zusammensetzung, die auf jedem der Substrate angestrebt wird, enthält.

3.

Kombinatorische Molekularschicht-Epitaxiewachstumsvorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass das Rohmaterialvielfalt-Zufuhrmittel ein Laser-Molekularstrahl-Epitaxiemittel
enthält und ein Substrat aus einem Material zusammengesetzt ist, das aus der Gruppe ausgewählt ist,
die aus α-Al2O3, YSZ, MgO, SrTiO3, LaAlO3,
NdGaO3, YAlO3, LaSrGaO4, NdAlO3, Y2O5,
SrLaAlO4, CaNdAlO4, Si und Verbundhalbleitern besteht.

4.

Kombinatorische Molekularschicht-Epitaxiewachstumsvorrichtung nach Anspruch 1 oder Anspruch 2,
dadurch gekennzeichnet, dass das Rohmaterialvielfalt-Zufuhrmittel ein Laser-MolekularstrahlEpitaxiemittel enthält und die festen Rohmaterialien
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Kombinatorische Molekularschicht-Epitaxievorrich-
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des Targets Substanzen enthalten, die so beschaffen sind, dass sie ein Material bilden, das aus der
Gruppe ausgewählt ist, die aus einem Hochtemperatur-Supraleiter, einem lumineszenten Material, einem dielektrischen Material, einem ferroelektrischen Material, einem Material mit riesigem Magnetowiderstand und einem Oxidmaterial besteht.
5.

6.

7.

8.

9.

Kombinatorische Molekularschicht-Epitaxievorrichtung nach einem der Ansprüche 1 bis 4, dadurch
gekennzeichnet, dass das Rohmaterialvielfalt-Zufuhrmittel einen Target-Drehtisch, der drehbar unterstützt und vertikal beweglich ist, um Targets zu
tragen, und ein Maskierungsplattenmittel, das zwischen den Targets und den Substraten angeordnet
und drehbar unterstützt und vertikal beweglich ist,
umfasst.
Kombinatorische Molekularschicht-Epitaxievorrichtung nach Anspruch 5, dadurch gekennzeichnet,
dass das Maskierungsplattenmittel mehrere Maskierungsplatten mit unterschiedlichen Maskierungskonfigurationen, die nacheinander austauschbar
sind, während ein epitaktisches Wachstum erfolgt,
umfasst.
Kombinatorische Molekularschicht-Epitaxievorrichtung nach Anspruch 5, dadurch gekennzeichnet,
dass das Maskierungsplattenmittel eine Maske enthält, die in Bezug auf die Substrate horizontal beweglich und so beschaffen ist, dass sie das Substrat
und/oder einen gegebenen Bereich hiervon mit der
beweglichen Maske abdeckt oder aufdeckt.
Kombinatorische Molekularschicht-Epitaxievorrichtung nach Anspruch 1, dadurch gekennzeichnet,
dass das Rohmaterialvielfalt-Zufuhrmittel ein LaserMolekularstrahl-Epitaxiemittel umfasst und das Sofortbeobachtungsmittel ein Reflex-Hochenergieelektronenstrahl-Beugungsanalysemittel umfasst.
Kombinatorische Molekularschicht-Epitaxievorrichtung nach Anspruch 1, dadurch gekennzeichnet,
dass die Vorrichtung ferner eine Target-Ladeschleusenkammer zum Laden von Targets in die
Wachstumskammer umfasst.

10. Kombinatorische Molekularschicht-Epitaxievorrichtung nach Anspruch 1, dadurch gekennzeichnet,
dass das Rohmaterialvielfalt-Zufuhrmittel ein Gasquellen-Molekularstrahl-Epitaxiemittel umfasst, das
so beschaffen ist, dass es einen strömungsgesteuerten Strom einer gasförmigen organometallischen
Verbindung durch ein Düsenmittel auf jedes der Substrate sprüht und dadurch zuführt.
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dass das Rohmaterialvielfalt-Zufuhrmittel ein Gasquellen-Molekularstrahl-Epitaxiemittel umfasst und
das Sofortbeobachtungsmittel ein optisches Mittel
umfasst, das Beobachtungen auf der Grundlage von
Reflexionsgrad-Differenzspektroskopie- und/oder
Oberflächenlichtabsorptions- und/ oder
Oberflächenlicht-Interferometer-Prozessen ausführt.
12. Kombinatorische Molekularschicht-Epitaxievorrichtung nach einem der Ansprüche 1, 10 und 11, dadurch gekennzeichnet, dass das Rohmaterialvielfalt-Zufuhrmittel ein Gasquellen-MolekularstrahlEpitaxiemittel umfasst und die Substrate solche
Substrate umfassen, die aus Si oder einem Verbundhalbleiter aufgebaut sind.
13. Kombinatorische Molekularschicht-Epitaxievorrichtung nach Anspruch 1, dadurch gekennzeichnet,
dass die Substrate ein Substrat umfassen, dessen
Oberfläche auf atomarem Niveau geglättet ist und
dessen äußerste Atomschicht identifiziert wird.
14. Kombinatorische Molekularschicht-Epitaxievorrichtung nach Anspruch 1, dadurch gekennzeichnet,
dass die gemeinsame Kammer mit einer Substrathalter-Ladeschleusenkammer versehen ist, um die
Substrathalter in einem Zustand, in dem für sie ein
Hochvakuum aufrechterhalten wird, auszutauschen.

30

35

40

45

50

55

11. Kombinatorische Molekularschicht-Epitaxievorrichtung nach Anspruch 1, dadurch gekennzeichnet,

17

15. Kombinatorische Molekularschicht-Epitaxievorrichtung nach Anspruch 1, dadurch gekennzeichnet,
dass die Substratheizeinheit so beschaffen ist, dass
sie mit ihrer entsprechenden Prozessausführungskammer in Kontakt ist, um diese vakuumdicht abzudichten, wobei die Substratheizeinheit und die Prozessausführungskammer dann eine Vakuumkammer mit unabhängig steuerbarem Druck bilden.
16. Kombinatorische Molekularschicht-Epitaxievorrichtung nach Anspruch 1 oder 15, dadurch gekennzeichnet, dass die Substratheizeinheiten gemeinsam so beschaffen sind, dass sie um eine Trägerplatte gedreht und durch diese vertikal bewegt werden können, um so in Zuordnung zu den Prozessausführungskammern nacheinander transportiert
zu werden.
17. Kombinatorische Molekularschicht-Epitaxievorrichtung nach Anspruch 1, ferner gekennzeichnet
durch eine drehbare Welle in Form eines röhrenförmigen Zylinders, der mit einer elektrischen Verdrahtung und einer Brauchwasser-Verrohrung außerhalb der gemeinsamen Kammer verbunden und so
beschaffen ist, dass er in einem Zustand, in dem das
gemeinsame Kammermittel unter Vakuum gehalten
wird, gedreht und vertikal bewegt werden kann, wobei eine Kühlwasser-Verrohrung, die in einem Be-
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reich jeder der Substratheizeinheiten angeordnet ist,
mit der Brauchwasser-Verrohrung verbunden ist,
und eine Trägerplatte, deren Zentrum so angeordnet
ist, dass es mit einer Drehachse der drehbaren Welle
zusammenfällt.
18. Kombinatorische Molekularschicht-Epitaxievorrichtung nach Anspruch 17, dadurch gekennzeichnet,
dass an der Drehwelle ein Gleitring, der so beschaffen ist, dass er ein oberes Ende der Drehwelle vakuumdicht abdichtet und das obere Ende elektrisch
mit der externen elektrischen Verdrahtung verbindet, ein Kühlwasser-Abdichtungsmittel für die Verbindung mit der externen Brauchwasser-Verrohrung
und ein Kühlwasser-Leitungsmittel, das mit dem
Kühlwasser-Abdichtungsmittel wasserdicht verbunden ist und durch die die Drehwelle koaxial verläuft,
damit sich die Welle in Gleitkontakt hiermit drehen
kann, befestigt sind.

Ätzen des Substrats mit der Dünnschicht, die zu einem Wachstum veranlasst und darauf gebildet ist,
umfassen.
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19. Kombinatorische Molekularschicht-Epitaxievorrichtung nach Anspruch 17 oder 18, dadurch gekennzeichnet, dass das Kühlwasser-Leitungsmittel eine
innere und eine äußere Kühlwasser-Leitung umfasst, die koaxial zu der Drehwelle angeordnet sind
und einen einzigen Kühlwasserdurchlass bilden.
20. Kombinatorische Molekularschicht-Epitaxievorrichtung nach einem der Ansprüche 1 und 15 bis 17,
dadurch gekennzeichnet, dass eine Substratheizeinheit einen Substratdrehmechanismus zum Drehen des Substrathalters enthält.
21. Kombinatorische Molekularschicht-Epitaxievorrichtung nach einem der Ansprüche 1 und 15 bis 17,
dadurch gekennzeichnet, dass die Substratheizeinheiten drehbar sind und jede von ihnen einen
Substratdrehmechanismus enthält, der eine Drehung anhand einer Antriebsleistung zum Umlaufenlassen der Substratheizeinheiten bereitstellt.
22. Kombinatorische Molekularschicht-Epitaxievorrichtung nach einem der Ansprüche 1, 15 bis 18, 21 und
22, dadurch gekennzeichnet, dass die Substratheizeinheit einen Substratdrehmechanismus umfasst, um den Substrathalter in der Vakuumkammer
zu drehen.
23. Kombinatorische Molekularschicht-Epitaxievorrichtung nach Anspruch 1, dadurch gekennzeichnet,
dass die Prozessausführungskammern eine Glühkammer zum Glühen von durch Substrathalter gehaltenen Substraten, eine Vorheizkammer zum Vorheizen der durch die Substrathalter gehaltenen Substrate auf eine gegebene Temperatur in einem Hochvakuum und eine Wachstumskammer zum Bilden
einer Dünnschicht auf den durch die Substrathalter
gehaltenen Substraten sowie eine Ätzkammer zum
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24. Kombinatorische Molekularschicht-Epitaxievorrichtung nach einem der Ansprüche 1, 14 und 20 bis 23,
dadurch gekennzeichnet, dass der Substrathalter
mit Öffnungen ausgebildet ist, wovon jede die Form
eines Schlitzes hat und so angeordnet ist, dass sie
eines oder mehrere Substrate umgeben.
25. Kombinatorische Molekularschicht-Epitaxievorrichtung nach einem der Ansprüche 1, 14 und 20 bis 23,
dadurch gekennzeichnet, dass der Substrathalter
die Form einer Scheibe hat, die innen hohl ist und in
deren Seitenwand eine ringförmige Nut ausgebildet
ist, die ermöglicht, dass der Substrathalter auf der
Substratheizeinheit gehalten werden kann.
26. Kombinatorische Molekularschicht-Epitaxievorrichtung nach einem der Ansprüche 1, 14 und 20 bis 23,
dadurch gekennzeichnet, dass der Substrathalter
einen Halterring, der innen eine gestufte Kante besitzt und in dessen Seitenwand eine ringförmige Nut
ausgebildet ist, die ermöglicht, dass der Substrathalter auf der Substratheizeinheit gehalten werden
kann, und eine Halterplatte in Form einer Scheibe,
die auf der gestuften Kante des Halterrings zu liegen
kommen soll, um ein oder mehrere Substrate auf
ihrer der Substratheizeinheit zugewandten Seite zu
unterstützen, umfasst, wobei die Scheibenhalterplatte aus einem Material hergestellt ist, das einen
hohen Wärmeabsorptionswirkungsgrad besitzt.
27. Kombinatorische Molekularschicht-Epitaxievorrichtung nach Anspruch 26, dadurch gekennzeichnet,
dass die Halterplatte, die aus dem Material mit hohem Wärmeabsorptionswirkungsgrad gebildet ist,
durch eine Inkonel-Platte, wovon ein Oberflächenbereich bei hoher Temperatur oxidiert worden ist,
gebildet ist.
28. Kombinatorische Molekularschicht-Epitaxievorrichtung nach einem der Ansprüche 1 und 15 bis 17,
dadurch gekennzeichnet, dass das Substratheizmittel eine Lampenheizeinrichtung umfasst.
29. Kombinatorische Molekularschicht-Epitaxievorrichtung nach einem der Ansprüche 26 bis 28, dadurch
gekennzeichnet, dass der Substrathalter so angeordnet ist, dass er an einer Fokussierungsposition
der Lampenheizeinrichtung liegt.
30. Kombinatorische Molekularschicht-Epitaxievorrichtung nach Anspruch 26 oder Anspruch 27, dadurch
gekennzeichnet, dass die Halterplatte so angeordnet ist, dass sie an einer Fokussierungsposition der
Lampenheizeinrichtung, die die Substratheizeinheit
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conducteurs de composé.

bildet, liegt.
4.

Appareil de croissance épitaxiale de couche moléculaire combinatoire selon la revendication 1 ou 2,
caractérisé en ce que ledit moyen d’approvisionnement en matières premières multiples comprend
un moyen d’épitaxie de faisceau moléculaire laser,
et les matières premières solides cibles comportent
des substances conçues pour former un matériau
choisi dans le groupe composé d’un semi-conducteur à haute température, d’une matière luminescente, d’une matière diélectrique, d’une matière ferroélectrique, d’une matière à magnétorésistance colossale et d’un matériau d’oxyde.

5.

Appareil d’épitaxie de couche moléculaire combinatoire selon l’une quelconque des revendications 1 à
4, caractérisé en ce que ledit moyen d’approvisionnement en matières premières multiples comporte
une plaque tournante de cibles supportée de manière à pouvoir tourner et à pouvoir se déplacer verticalement pour transporter les cibles, et un moyen
formant plaque de masquage disposé entre lesdites
cibles et lesdits substrats et supporté de manière à
pouvoir tourner et à pouvoir être déplacé verticalement.

6.

Appareil d’épitaxie de couche moléculaire combinatoire selon la revendication 5, caractérisé en ce que
ledit moyen formant plaque de masquage comporte
une pluralité de plaques de masquage ayant différentes configurations de masquage qui peuvent être
échangées successivement tandis que les croissances épitaxiales sont effectuées.

7.

Appareil d’épitaxie de couche moléculaire combinatoire selon la revendication 5, caractérisé en ce que
ledit moyen formant plaque de masquage comprend
un masque pouvant être déplacé horizontalement
par rapport auxdits substrats et est conçu pour recouvrir et découvrir ledit substrat et une zone donnée
de celui-ci ou les deux à l’aide dudit masque mobile.

8.

Appareil d’épitaxie de couche moléculaire combinatoire selon la revendication 1, caractérisé en ce que
ledit moyen d’approvisionnement en matières premières multiples comporte un moyen d’épitaxie de
faisceau moléculaire laser, et ledit moyen d’observation instantanée comprend un moyen d’analyse
de la diffraction de faisceaux électroniques à énergie
élevée reflex.

9.

Appareil d’épitaxie de couche moléculaire combinatoire selon la revendication 1, caractérisé en ce que
l’appareil comporte en outre une chambre de verrouillage de charge cible permettant de charger ladite chambre de croissance avec les cibles à l’intérieur.

Revendications
5

1.

Appareil d’épitaxie de couche moléculaire combinatoire comprenant : une chambre commune dont la
pression est contrôlable ; une ou plusieurs unités de
chauffage de substrat transportables ayant un support de substrat permettant de supporter un ou plusieurs substrats dans la chambre commune ; et une
ou plusieurs chambres de conduction de processus
dont la pression est contrôlable et fournie pour correspondre aux unités de chauffage de substrat,
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15

lesdites chambres de conduction de processus
comportant une chambre de croissance qui possède un moyen d’approvisionnement en matières premières multiples pour approvisionner en
matières premières ledit substrat supporté par
ladite unité de chauffage de substrat, un moyen
d’approvisionnement en gaz permettant d’alimenter un gaz à la surface du substrat, et un
moyen d’observation instantanée permettant
d’observer instantanément la croissance épitaxiale des couches monomoléculaires pour
chacune des couches sur la surface du substrat,
ce qui permet à la température de croissance,
à la pression et à l’approvisionnement en matières premières d’être contrôlés pour chacun
des substrats et de produire un groupe de substances amenées à croître de manière épitaxiale
dans une couche monomoléculaire individuelle
et amenées ensemble pour chacun des substrats, d’une manière systématique en fonction
des indications du moyen d’observation instantanée.
2.

3.

Appareil de croissance épitaxiale de couche moléculaire combinatoire selon l’une quelconque des revendications 1 à 3, caractérisé en ce que ledit
moyen d’approvisionnement en matières premières
multiples comporte un moyen d’épitaxie de faisceau
moléculaire laser permettant de vaporiser à l’aide
d’un faisceau laser à excimère une pluralité de cibles
de matières premières solides différentes et de former un film mince d’une composition visé sur chacun
des substrats.
Appareil de croissance épitaxiale de couche moléculaire combinatoire selon la revendication 1, caractérisé en ce que ledit moyen d’approvisionnement
en matières premières multiples comporte un moyen
d’épitaxie de faisceau moléculaire laser et en ce que
lesdits substrats sont composés d’un matériau choisi
dans le groupe composé de α-Al2O3, YSZ, MgO,
SrTiO3, LaAlO3, NdGaO3, YAlO3, LaSrGaO4,
NdAlO3, Y2O5, SrLaAlO4, CaNdAlO4, Si et des semi-
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10. Appareil d’épitaxie de couche moléculaire combinatoire selon la revendication 1, caractérisé en ce que
ledit moyen d’approvisionnement en matières premières multiples comporte un moyen d’épitaxie de
faisceau laser de source gazeuse conçu pour vaporiser et fournir un flux à écoulement contrôlé d’un
composé organométallique gazeux à travers un
moyen formant tuyère sur chacun desdits substrats.
11. Appareil d’épitaxie de couche moléculaire combinatoire selon la revendication 1, caractérisé en ce que
ledit moyen d’approvisionnement en matières premières multiples comporte un moyen d’épitaxie de
faisceau moléculaire de source gazeuse et ledit
moyen d’observation instantanée comprend un
moyen optique qui effectue les observations en fonction de l’un des processus suivants : spectroscopie
à réflexion différentielle, absorption de lumière superficielle et interférométrie de lumière superficielle.

nées et déplacées verticalement par une plaque de
support de manière à être transportées en association avec lesdites chambres de conduction de processus successivement.
5
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12. Appareil d’épitaxie de couche moléculaire combinatoire selon l’une quelconque des revendications 1,
10 et 11, caractérisé en ce que ledit moyen d’approvisionnement en matières premières multiples
comporte un moyen d’épitaxie de faisceau moléculaire de source gazeuse, et lesdits substrats comprennent des substrats composés de Si ou un semiconducteur de composé.
13. Appareil d’épitaxie de couche moléculaire combinatoire selon la revendication 1, caractérisé en ce que
lesdits substrats comprennent un substrat dont la
surface est rendue plate sur un niveau atomique et
dont la couche atomique située le plus à l’extérieur
est identifiée.
14. Appareil d’épitaxie de couche moléculaire combinatoire selon la revendication 1, caractérisé en ce que
ladite chambre commune est dotée d’une chambre
de verrouillage de charge de support de substrat permettant d’échanger des supports de substrat dans
un état où un vide important est maintenu à l’intérieur.
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15. Appareil d’épitaxie de couche moléculaire combinatoire selon la revendication 1, caractérisé en ce que
ladite unité de chauffage de substrat est conçue pour
entrer en contact avec la chambre de conduction de
processus qui lui correspond pour la rendre hermétique, ladite unité de chauffage de substrat et ladite
chambre de conduction de processus formant alors
une chambre sous vide pouvant être contrôlée sous
pression indépendamment.

45

16. Appareil d’épitaxie de couche moléculaire combinatoire selon la revendication 1 ou 15, caractérisé en
ce que lesdites unités de chauffage de substrat sont
conçues d’une manière conjointe pour être retour-
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17. Appareil d’épitaxie de couche moléculaire combinatoire selon la revendication 1, caractérisé en ce que
l’appareil comporte en outre un arbre permettant
d’effectuer une révolution, se présentant sous la forme d’un cylindre tubulaire raccordé à des câbles
électriques et une conduite d’eau industrielle externe
à ladite chambre commune et conçue pour être tournée et déplacée verticalement dans un état où ledit
moyen formant chambre commune est maintenu
dans le vide, raccordant une conduite d’eau de refroidissement disposée dans une région de chacune
desdites unités de chauffage de substrat à ladite
conduite d’eau industrielle, et une plaque de support
dont le centre est placée de manière à coïncider avec
un axe de rotation dudit arbre pour la révolution.
18. Appareil d’épitaxie de couche moléculaire combinatoire selon la revendication 17, caractérisé en ce
que ledit arbre permettant la révolution est fixé à une
bague collectrice conçue pour rendre hermétique
une extrémité supérieure dudit arbre permettant la
révolution et pour connecter électriquement ladite
extrémité supérieure audit câblage électrique externe, un moyen d’étanchéité à l’eau de refroidissement
pouvant être raccordé à ladite conduite d’eau industrielle externe, et un moyen formant conduite d’eau
de refroidissement raccordé d’une manière étanche
à l’eau audit moyen d’étanchéité à l’eau de refroidissement et dont l’arbre permettant la révolution le traverse de manière coaxiale pour permettre audit arbre de tourner avec un contact coulissant avec celuici.
19. Appareil d’épitaxie de couche moléculaire combinatoire selon la revendication 17 ou 18, caractérisé
en ce que ledit moyen formant conduite d’eau de
refroidissement comprend des conduites d’eau de
refroidissement interne et externe disposées de manière coaxiale avec ledit arbre permettant la révolution et formant un passage d’eau de refroidissement
unique.
20. Appareil d’épitaxie de couche moléculaire combinatoire selon l’une quelconque des revendications 1 et
15 à 17, caractérisé en ce que ladite unité de chauffage de substrat comporte un mécanisme de rotation
de substrat permettant de faire tourner ledit support
de substrat.
21. Appareil d’épitaxie de couche moléculaire combinatoire selon l’une quelconque des revendications 1 et
15 à 17, caractérisé en ce que lesdites unités de
chauffage de substrat peuvent être mises en rotation
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et chacune comporte un mécanisme de rotation de
substrat qui fournit une rotation à partir d’une puissance d’entraînement pour mettre en rotation lesdites unités de chauffage de substrat.
5

22. Appareil d’épitaxie de couche moléculaire combinatoire selon l’une quelconque des revendications 1,
15 à 18, 21 et 22, caractérisé en ce que ladite unité
de chauffage de substrat comporte un mécanisme
de rotation de substrat permettant de faire tourner
ledit support de substrat dans ladite chambre sous
vide.
23. Appareil d’épitaxie de couche moléculaire combinatoire selon la revendication 1, caractérisé en ce que
lesdites chambres de conduction de processus comportent une chambre de recuit permettant de recuire
les substrats supportés par ledit support de substrat,
une chambre de préchauffage permettant de préchauffer les substrats supportés par ledit support de
substrat à une température donnée sous un vide important, et une chambre de croissance permettant
de former un film mince sur ledit substrat supporté
par ledit support de substrat, et une chambre chimique permettant d’attaquer chimiquement ledit substrat, le film mince étant mis à croître et formé dessus.
24. Appareil d’épitaxie de couche moléculaire combinatoire selon l’une quelconque des revendications 1,
14 et 20 à 23, caractérisé en ce que ledit support
de substrat est doté d’ouvertures, chacune se présentant sous la forme d’une fente, agencées de manière à entourer un ou plusieurs substrats.
25. Appareil d’épitaxie de couche moléculaire combinatoire selon l’une quelconque des revendications 1,
14 et 20 à 23, caractérisé en ce que ledit support
de substrat se présente sous la forme d’un disque
qui est creux à l’intérieur et dont la paroi latérale comprend une gorge annulaire qui permet audit substrat
de support d’être supporté sur ladite unité de chauffage de substrat.
26. Appareil d’épitaxie de couche moléculaire combinatoire selon l’une quelconque des revendications 1,
14 et 20 à 23, caractérisé en ce que ledit support
de substrat comprend une bague de support comportant un bord étagé et dont la paroi latérale comprend une gorge annulaire qui permet audit support
de substrat d’être supporté sur ladite unité de chauffage de substrat, et une plaque de support se présentant sous la forme d’un disque devant être logée
sur le bord étagé de ladite bague de support pour
supporter un ou plusieurs substrats sur son côté faisant face à ladite unité de chauffage de substrat,
ladite plaque de support de disque étant composée
d’un matériau qui présente une efficacité d’absorption de chaleur élevée.
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27. Appareil d’épitaxie de couche moléculaire combinatoire selon la revendication 26, caractérisé en ce
que ladite plaque de support composée dudit matériau qui présente une efficacité d’absorption de chaleur élevée est composée d’une plaque d’Inconel
dont la région superficielle est oxydée à une température élevée.
28. Appareil d’épitaxie de couche moléculaire combinatoire selon l’une quelconque des revendications 1 et
15 à 17, caractérisé en ce que ledit moyen de
chauffage de substrat comprend un dispositif de
chauffage à lampe.
29. Appareil d’épitaxie de couche moléculaire combinatoire selon l’une quelconque des revendications 26
à 28, caractérisé en ce que ledit support de substrat
est agencé de manière à se trouver dans une position de focalisation du dispositif de chauffage à lampe.
30. Appareil d’épitaxie de couche moléculaire combinatoire selon la revendication 26 ou 27, caractérisé
en ce que ladite plaque de support est agencée de
manière à se trouver dans une position de focalisation du dispositif de chauffage à lampe constituant
ladite unité de chauffage de substrat.
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