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tended heating and even melting of the surface layers is a limitation on
the power that can be BACKGROUND OF THE INVENTION
introduced into the surface reaction. Another ap- proach to energizing the
surface is to create a This invention relates to energy intensive   5
plasma at the surface, but the field of the plasma chemical reactions at
surfaces, and, more particu-  often limits the ability to bring further
reactants to larly, to accomplishing chemical reactions at sur-  the
surface, Is difficult to control as to the amount faces when both a
reactant and energy are exter-   of energy input, and may have undesirable
side nally supplied to accomplish the reaction.         effects on the
surface. Various types of chemical reactions occur or  10    N.T.I.S.
Technical Notes, no. 8, part G, August are produced at surfaces. In some
reactions, such   1986, page 927 describes a cluster-beam process as most
catalysis reactions and the deposition of a  for performing thin film
deposition on a surface. reaction product film wherein the reactants are
The process is based on the principle that, in order supplied from an
external source the surface pro-  to reduce the high temperature that is
required to vides a site for the reaction to occur but does not  15
vaporize pure elements to be deposited, gaseous itself provide a chemical
reactant. In others, such  compounds of the elements are used instead of
the as the etching of a surface or the growth of a film  pure elements. The
process includes forming clus- a reaction product formed by a reaction
involv-  ters of thee gaseous compounds, ionizing the clus- ing the atoms
or molecules at the surface, the       ters, accelerating the clusters
toward the surface, surface itself enters into the reaction by supplying
20  and impacting the clusters to initiate a reaction to a reactant.
release the element on the surface. Two cluster Many surface reactions are,
or could be, of     beams may be merged to deposit more than one great
commercial significance. Catalysis reactions  element on the surface. are
widely used to produce chemical products. The      WO-A-88/02790 also forms
state of the art un- chemical etching of films, a chemical process  25  der
Article 54(3) EPC for the countries of Germany, wherein a portion of the
film is reacted and re-   France, the United Kingdom, and the Netherlands.
moved, is a central feature of microelectronic fab-  This document
describes a cluster-beam process rication technology. Reactive deposition
of films  for performing thin film deposition on a surface. onto a surface,
as in chemical vapor deposition,    Clusters of 2 to about 10,000 units are
formed of a permits production of special types of films for  30  volatile
species. The clusters are ionized, acceler- electronic and optical
applications that cannot be  ated towards the surface, and impacted against
the produced otherwise.                                surface.
Simultaneously, a non-volatile material Many of the reactions that occur at
surfaces   from an external source is deposited on to the require the input
of energy to overcome a reaction  surface. The cluster units may be
non-reactive to energy barrier. Most chemical reactions are accel-  35  act
merely as an energy carrier. Alternatively the erated when the reactants
are energized, and faster  units may be reactive to react with the
deposited chemical reactions improve the economics of using  material or
surface material to form a reaction the surface reactions. The most common
approach       product. to providing energy is to heat the surface through
Thus, while the use of surface reactions is well the underlying substrate,
thereby energizing the   40  established and widely used commercially, and
the reactants at the surface. When applied in the con-  need to provide
energy to at least some types of text of deposition of a film of a reaction
product,  reactions is recognized, there continue to be dif- this approach
has the drawback of also heating the  ficulties in introducing both
reactants and energy to previously deposited layers. This heating of the
the surface as the reaction proceeds. There is a prior layers can cause an
undesirable interdiffusion   45  need for a technique for providing both
reactants of the layers, where different layers have been    and energy to
the surface, in a controllable man- deposited on top of each other.
ner. The present invention fulfills this need, and Another approach to
providing energy to the     further provides related advantages. reaction
occurring at the surface is to direct energy at the surface as with a laser
beam or ultraviolet  50   SUMMARY OF THE INVENTION light. This approach has
been successful in some applications, but requires that the incident beam
be   The present invention Is defined in the claims. properly tuned and
directed to couple its energy to    The present invention resides in a
technique that of the reactants. It is desirable to make the  for
introducing reactants and energy to a surface directed beam as intense as
possible to transfer a   55  reaction simultaneously, in a well controlled
man- high energy level but intensity is limited by the  ner. The energy is
applied directly and in a control- transfer of heat to the surface. Some of
the heat   lable manner to the externally introduced reactant can be
removed by cooling the substrate, but unin-  species prior to its
introduction to the surface. The 2   



3                 EP 0 417 067 B1                     4 addition of the
reactive species is not limited by  turbed. space charge adjacent the
surface. The process is      The reactant supplied by the units forming the
highly versatile and can be used in such varied   clusters may be of
various types, as required by types of surface reactions as etching, film
deposi-  the reaction at the surface. For example the reac- tion, and
catalytic reactions. The substrate surface   5   tion at the surface may be
the etching of the is not damaged by the energetic introduction of the
surface, and the etchant reactive species is pro- reactant. The process
also continuously cleans the  vided in the units of the cluster. In
accordance with surface of impurities, and reduces or eliminates  this
example, a process for etching a surface com- surface imperfections.
prises the steps of forming clusters of units of a In accordance with one
embodiment, a process  10  volatile reactive etchant species, each cluster
con- for accomplishing externally energized chemical re-  taining from 2 to
about 10,000 units of the reactant actions at a surface includes the steps
of forming  species; ionizing the clusters; accelerating the clus- clusters
of units of a volatile reactive species con-  ters toward the surface and
impacting the clusters taining from 2 to about 10,000 units; accelerating
upon the surface, so that the clusters disintegrate the clusters toward the
surface; and impacting the   15  and provide the etchant species and energy
to the clusters upon the surface, so that the clusters dis-  etching
reaction at the surface. integrate and provide a reactant and energy to the
One preferred type of etchant, for use with chemical reaction at the
surface.                  semiconductor material that must be etched gen-
As used herein, a cluster is a weakly bound     erally or In selected
patterns, is molecules contain- assembly of structural units, typically
formed by   20  Ing halogens that either dissociate to free the
condensation with homogeneous or heterogeneous    halogens or become
chemically reactive in the nucleation of the cluster. The "units" can be
atoms,  energized surface environment. Such units include molecules, or
complexes that individually exist In-  [err] and [err]. The units are
formed into dependently of the cluster, but are formed into a  clusters,
and the clusters are ionized and acceler- cluster for the reasons to be
discussed subse-  25  ated against the surface, which is typically a semi-
quently. The cluster is weakly ionized, as by elec-  conductor such as
silicon. Upon impact, the en- tron bombardment, so that the cluster is
ionized,  ergized units dissociate to produce free halogens, preferably
singly ionized or at most with a few ionic  which react with the surface
atoms. The reaction charges. That is, each individual unit of the cluster
product is volatile, and the etched material leaves is not ionized but
perhaps only one or a few   30  the surface as a gaseous chloride or
fluoride. The electrons are removed from the entire cluster. The  cluster
beam can be directed generally against the cluster is accelerated toward
the substrate by an  surface to achieve general etch cleaning, or can be
accelerating potential, based upon the reaction of  directed in a
controlled pattern to selectively etch an electric field with the ionized
cluster. Because of  corresponding patterns into the surface. the high
cluster mass, typically 1000 times that of  35  In another application of
the Invention, films of a single unit, the resulting cluster beam  is not
reaction products can be deposited upon a surface. dispersed by its own
space charge.                 These films can constitute a single, stable
reacted When the cluster impacts upon the surface of    layer produced by
the reaction between the reac- the substrate target, It immediately
disintegrates  tants of the clusters and the substrate. For exam- into the
individual units comprising the cluster.  40  ple, if a silicon nitride
layer were to be produced at Each unit has a small energy, equal to the
total   the surface of a silicon substrate, a volatile reactive energy of
the cluster divided by the number of     nitrogen-containing unit can be
formed into clusters units in the cluster, so that little damage is done to
and directed against the surface. In such a case, the surface and few
defects are introduced. The    the film will thicken until diffusoional
kinetics essen- units of the cluster have sufficient energy to dis-  45
tially stops the supply of the substrate material lodge contaminants on the
surface, thereby clean-  reactant, and there will be no further growth. The
ing the surface simultaneously with deposition. The  films can also
constitute a reaction product that are units produced by the disintegration
of the cluster  produced in an arbitrarily thick layer, as where all also
have sufficient energy to energize other reac-  of the reaction products
are externally supplied to tants or species on the surface to move or
react.  50  the surface, and at least some are supplied by Where a film is
being deposited, the movement of   energized clusters. As an example, a
tungsten film reactant and nonreactant species increases the uni-  of
arbitrary thickness can be grown by directing formity of the deposited film
with much the same   clusters of a tungsten containing compound such result
as if the surface were heated to a much     as [err] against the surface.
Energized decom- higher temperature than necessary with the present  55
position of the clusters at the surface deposits process. The previously
deposited layers are not   tungsten, and the volatile carbon monoxide
species heated, however, so that the structure already de-  escapes from
the surface. In yet another form of posited and buried inside the structure
is not dis-  the invention, another reactant species could be 3  



5                 EP 0 417 067 B1                    6 provided externally
of the surface, so that the clus   It has been known previously to deposit
reac- ter reactant species and the other reactant species  ted films by
directing clusters of a nonvolatile ma- would reactant in the energized
state at the sur-  terial against a surface simultaneously with a non- ace.
An example is the co-deposition of [err]       clustered reactive gas. The
present approach of clusters and tetramethylgallium  at a surface, to   6
forming clusters of units of a volatile reactive spe- form a gallium
arsenide film at the surface, with the  cles has major technical and
commercial advan- volatile hydrogen and methyl species leaving the  tages
as compared to such an approach. (As used surface after being freed.
herein and in the art, a "volatile" material forms a for producing a
reacted film upon a surface in-  10   a "nonvolatile" material is solid at
ambient or low cludes the steps of forming clusters containing    elevated
temperature and must be heated to a high units of a volatile reactant
species to be deposited  temperature to produce a partial pressure of its
in a film, each cluster containing from 2 to about  vapor.) The cluster
forming efficiency for non- 10,000 units of the species; ionizing the
clusters;  volatile materials is small, on the order of a few accelerating
the clusters toward the surface; and   16  percent, with only 1012 to 1013
clusters formed per impacting the clusters upon the surface, so that the
second in a typically sized apparatus. The cluster clusters disintegrate
and provide the reactant spe-  forming efficiency for volatile materials is
much es and energy to the deposition reaction at the   higher, often over
75 percent, with [err] to [err] surface, the film that is produced being
the result  clusters formed per second in a comparable ap- of a chemical
reaction involving the species pro-  20  paratus. The present approach
therefore provides a vided in the clusters. The reaction may involve a
cluster flux many times higher than where non- single reactant supplied by
the clusters. The reac-  volatile cluster materials are used. Large scale
tion may also involve multiple species, supplied by  commercial operations
are therefore possible when the surface itself or by another external
source.  volatile clusters are used. In yet another variation of the
invention, two or  26  It will be recognized that the approach of the more
types of clusters can be directed against the  present invention provides
an important advance in surface, each supplying a reactant species. This
the art of surface chemical reactions, by supplying approach is
particularly useful where high energetic  both a reactant and energy in a
cluster form to the levels are required for the reaction to proceed,
surface. Additional important benefits are the clean- since each reactant
unit carries with it a high en-  30  ing of the surface and the driving
force for uniform, ergy level. In accordance with this embodiment, a
highly perfect, and highly dense films, where film process for
accomplishing externally energized     deposition is the objective of the
process. Other chemical reactions at a surface comprises the      features
and advantages of the invention will be steps of forming first clusters
containing from 2 to  apparent from the following more detailed descrip-
about 10,000 units of a volatile reactant species;  35  tion of the
invention, taken in conjunction with the ionizing the first clusters;
accelerating the first clus-  accompanying drawings, which illustrate, by
way of rs toward the surface impacting the first clusters  example, the
principles of the invention. pon the surface, so that the first clusters
disinte- grate and provide the first reactant and energy to  BRIEF
DESCRIPTION OF THE DRAWINGS the chemical reaction at the surface; forming
see-   40 ond clusters containing from 2 to about 10,000        Figure 1 is
a schematic illustration of a cluster units, each unit containing a second
reactant spe-    beam deposition apparatus for producing a sin- cies;
ionizing the second clusters; accelerating the  gle cluster beam; second
clusters toward the surface; and impacting     Figure 2 is a schematic
illustration of a cluster the second clusters upon the surface, so that the
45  beam  deposition apparatus for producing two second clusters
disintegrate and provide the sec-     cluster beams; ond reactant and
energy to the chemical reaction      Figure 3 is a side sectional view of a
cluster at the surface. Typically, the first and second types  source; of
clusters are supplied to the surface essentially   Figure 4 is a side
sectional view of a substrate simultaneously, or in a periodic sequence, in
the   50  and its surface, illustrating an energized etching proper ratios
to produce the desired stoichiornetry   reaction; of the intended chemical
reaction. Even where one     Figure 5 is a side sectional view of a
substrate or both of the cluster sources are pulsed, the        and its
surface, illustrating an energized film energized species on the surfaces
are typically       deposition reaction; resident for a sufficiently long
time that the reaction   55  Figure 6 is a side sectional view of a
substrate can occur, and in this sense the sources are op-      and its
surface, illustrating an energized film erated simultaneously.
deposition reaction with a second externally in- troduced reactant; and 4  



7                 EP 0 417 067 B1                    8 Figure 7 is a side
sectional view of a substrate  ing from smaller clusters will have
excessive en- and its surface, illustrating an energized film  ergies. An
excessive energy is present where im- deposition reaction with two cluster
beams sup- pact damage is caused to the surface during the plying reactants
and energy.                     disintegration of the cluster and the
subsequent 5   chemical reaction. For most surface materials, the DETAILED
DESCRIPTION OF THE PREFERRED              damage threshold lies in the
range of 20 to 50 EMBODIMENTS
electron volts per unit. The mass separator 28 removes ions and clus- The
process of the present invention is per-    ters that are smaller than the
desired size range, formed in an apparatus for creating and depositing   10
by any operable approach. The mass separator cluster upon a substrate, one
form of which is     may separate ions and clusters of a size smaller
illustrated as the deposition apparatus 10 of Figure  than the desired size
by electrostatic or magnetic 1. A substrate 12 having a surface 14 is
mounted   techniques, with electrostatic being preferred. If in a vacuum
chamber 16 so that a cluster beam 18   desired, "clusters larger than the
desired size can may be directed against the surface 14.        15  then be
separated from the remaining spectrum The clusters are initially produced
in a super-  with a second stage of separation -so that only sonic nozzle
source 20. The presently preferred    clusters of the desired size range
remain In the type of source 20 for producing clusters is illus-  cluster
beam. trated in outline in Figure 1, and will be discussed   The cluster
beam 18, containing primarily sin- in more detail in respect to Figure 3.
It will be   20  gly ionized clusters of the selected size range, is
understood that various types of nozzle sources    then accelerated toward
the substrate 12 by an may be used, depending upon the nature of the
electrostatic accelerator 30, wherein a first aper- reactive species in the
clusters.                  tured electrode 32 is maintained at a potential
less The material that makes up the clusters is     negative than a second
apertured electrode 34. provided as "structural units" or "units". These
25   The ionized cluster beam 18 passes through the terms, as used herein,
can refer to atoms, simple  apertures of the electrodes 32 and 34, and are
molecules, complex molecules, or complexes,        accelerated by the
potential difference. The second which include the reactive species. The
units are  apertured electrode 34 is typically about 1000 to formed into
clusters in the vapor source 20.        10,000 volts more negative than the
first apertured Clusters emitted by the source 20 are gen-   30  electrode
32, which is permitted to float at the erally well collimated and carry no
electrical     same voltage as the ionizer 22. When a singly charge. The
clusters enter an ionizer 22, wherein  charged cluster of 1000 atoms passes
through the many clusters are positively ionized by electron   electrodes
32 and 34 maintained at a voltage dif- bombardment, so that the clusters
can then be      ference of 1000 volts, an energy of 1000 electron
accelerated toward the substrate 12. In the pre-  35  volts is imparted to
the clusters of the beam. This ferred ionizer 22, electrons are emitted
from a    high energy and high mass of the cluster permit cathode 24 toward
an anode 26 under a positive     the cluster to penetrate to the surface 14
of the potential of from about 50 to about 100 volts, and  substrate 12.
Upon impact the cluster disintegrates, with a current of about 10 to about
30 milliamps.  leaving each unit of the cluster with the compara- The path
of the electrons Is transverse to and   40  tively small energy of 1 to 10
electron volts. The intercepting the line of flight of the previously
small energy per unit does not permit the unit to unionized cluster beam
18. Some of the electrons   penetrate the surface 14, or otherwise damage
the hit some of the particles, and the particles become  surface and
structure thereon. On the other hand, positively charged. It is therefore
convenient to  energies per unit on the order of 1 to 10 electron consider
the cluster itself to be positively charged,  45  volts aid in promoting a
uniform surface structure and to continue to speak of units, rather than
ions,  of the film. comprising the cluster. The low level of ionization
The energized clusters then enter a focusing is required so that the
clusters may be controllably  and deflection electrode 36, which permits
the accelerated toward the substrate 12.               beam 18 to be
scanned or rastered from side to The ionized clusters in the cluster beam
18   50  side, so that a pattern can be formed on the enter a mass
separator 28, which removes un-       surface 14 in a desired shape. If the
surface 14 is clustered atoms and ions, and clusters of sizes    to be
generally exposed, then the electrode 36 significantly larger or smaller
than a desired size. It  need not be used. is preferred that most of the
mass reaching the        In the apparatus 10, an optional reactant input
surface 14 exceed a minimum size, or number of  55   port 38 is provided to
introduce a second reactant units within each cluster. Otherwise, after
disinte  to the surface 14, for those applications where one gration of the
clusters upon striking the surface 14,  reactant is provided in the cluster
beam 18 and the units containing the reactive species and com-  another is
provided by a second external source. In 5 



9                 EP 0 417 067 B1                   10 this embodiment, a
second reactant is provided in  causes the stem 58 to move within the
field. an unclustered form.                                 With this
mechanical structure, the valve plung- A second reactant can also be
provided in a    er 52 can be made to open and close rapidly, so
unclustered form, so that there are two cluster beams  that bursts or
pulses of gas are emitted through the 18 and [err] directed at the surface
14 simulta-   6   supersonic nozzle 46. The duty cycle, or periods in
neously. This approach is illustrated in Figure 2,  which gas is passed out
of the cluster source 40 wherein two apparatus 10 are provided in a single
and then not passed, is selected and controlled in vacuum chamber 16.
accordance with the number of clusters to be deliv- In the apparatus 10 of
Figure 1 or Figure 2, the  ered to the surface 14 in the cluster beam 18. A
clusters are produced with an appropriate type of  10  typical duty cycle
might be 2 milliseconds on, 98 source. The preferred pulsed source 40 is
illus-  milliseconds off, thereby producing a discontinuous trated in
Figure 3. The pulsed cluster source 40  beam. Such an alternating duty
cycle might be includes a hollow body 42 which is pressurized by  used to
advantageously influence a reaction, or to a gas line 44 that supplies the
volatile material to  reduce the gas loading on the pumping system, be
formed into clusters. A valve 80 controls the   15  where the pumping
system is relatively small or flow of gas to the gas line 44. An optional
second  where extremely high concentrations of clusters are gas line 45 can
supply a second gas to the hollow  required in each burst of gas. Where a
large vol- ody 42, and a valve 82 controls the flow of the  ume pumping
system is available, an alternating second gas to the second gas line 45.
The source  duty cycle may be unnecessary. 40 may be operated with only a
single type of gas,  20  One preferred application of the present inven- or
with a mixture of gases. The second gas, where  tion is schematically
illustrated in Figure 4, which used, can be an inert carrier gas such as
argon   depicts etching of the surface 14 by the cluster that is introduced
either simultaneously or in a  beam 18. The cluster beam 18 is well
collimated, programmed manner into the body 42. The second    and etches a
well defined channel 60 downwardly gas can also be a second reactive gas
such that  25  into the substrate 12. In this type of application, the the
clusters in the cluster beam 18 include both  clusters are formed of
structural units that include a types of units within a single cluster.
reactant that reacts with the material of the sub- The gas is ejected
through a supersonic nozzle  strate 12 to form a volatile reaction product
that 46, typically having a diameter of a narrow throat  leaves the surface
14. As an example, if the sub- 48 of about 0,51 mm (0.020 inches). The
maximum   30  strate 12 is silicon, a channel 60 may be etched exit
diameter of an expansion section 50, through  into the surface 14 by
forming clusters from units which the gas expands after leaving the throat
48,  including a species containing a halogen such as is larger than that
of the throat 48, and is typically  [err] or[err]. Upon impacting the
surface, the about 6,35 mm (one-quarter of an inch). The eject-  energized
clusters disintegrate and the halogen ed gas expands, through the
supersonic nozzle 46  35  reacts with the silicon to produce a volatile
reaction and groups of the units containing the reactive  product. This
reaction is confined to the areawhere pecies condense to form clusters. As
the gas     the collimated cluster beam 18 meets the surface expands, it
cools and becomes supersaturated,     14, and effectively removes the
substrate material leading to homogeneous nucleation of small clus-
directly under the pattern where the beam im- ters in the gas stream.
Nucleation can also occur at  40  pinges upon the surface. the interior
walls of the supersonic nozzle 46 of the  Another preferred embodiment of
the invention pulsed source 40 by heterogeneous nucleation. As  is
Illustrated in Figure 5, wherein a reactant sup- noted earlier, the source
40 produces unclustered  plied in the units of the cluster beam 18 reacts
with units containing the reactive species, small clus-  the material
making up the substrate 12 to form a ters, clusters of the desired sizes,
and large clus-  45  reaction product film 62 on the surface of the ters.
The clusters of the desired sizes are selected  substrate 12. The film 62
continues to grow in by the mass separator 28.
thickness until the substrate reactant and the reac- The cluster source 40
can be made to eject the  tant from the cluster beam can no longer diffuse
clusters in a pulsing or discontinuous manner by  through the film 62 to
reach each other to form providing a valve plunger 52 that closes the
super-  so  more reaction product in the film 62. The growth of sonic
nozzle 46, at a location just upstream of the  the film 62 is thus self
limiting. An example of throat 48. The valve plunger 52 is held normally
growth of this type of film 62 occurs when the closed by a coil spring 54
reacting against the   substrate 12 is silicon, and the cluster beam 18
stem 56 of the valve plunger 52. The valve plunger  contains units having
nitrogen or oxygen, so that in 52 is then moved to the open position by an
55  the energized reaction a silicon nitride or silicon electromagnetic
valve actuator 58. The valve ac-  oxide film 62 is formed. tuator 58
creates a magnetic field when an elec-      Figure 5 also can be used to
illustrate another trical current is applied, and the magnetic field
preferred embodiment. In the alternative approach, 



6    11                EP 0 417 067 B1                     12 a film 62 is
formed by the decomposition of units  coupling of an external energy source
to the reac- supplied in the cluster beam 18, forming a reaction  tants.
The substrate can be appropriately cooled product that remains on the
surface 14 as the film  from its underside. The energized reactant then
This type of film can be made indefinitely thick, as  enters into the
chemical reaction at the surface. long as the reactant species is supplied
in the   5 cluster beam. An example of this type of reaction is  Claims the
formation of a tungsten film on a surface by    Claims for the following
Contracting States directing clusters of [err] against the surface.  CH,
IT, Li The clusters disintegrate, and the [err] mol- ecules decompose In
the energized reaction to  10  1. A process for accomplishing externally
ener- deposit the tungsten reaction product onto the sur-    gized chemical
reactions at a surface, compris- face. Carbon monoxide, the volatile
reaction prod-     ing the steps of: uct, leaves the surface and is pumped
away                 forming clusters of a volatile reactant spe- through
the vacuum system.                             cles containing from 2 to
about 10,000 units, Another preferred embodiment of the invention   15
each unit containing a reactant species; is illustrated in Figure 6,
wherein one reactant is       ionizing the clusters; supplied in the units
of the cluster beam 18, and          accelerating the clusters toward the
sur- another reactant Is supplied to the region above the    face; and
surface 14 from another external source, here the          impacting the
clusters upon the surface, so input port 38. The second supplied reactant
forms   20  that the clusters disintegrate and provide a a reactant cloud
64 above the surface 14. The          reactant and energy to the chemical
reaction at reactant in the reactant cloud reacts with the en-     the
surface. ergized reactant species on the surface 14, which is deposited and
energized through the action of    2. The process of claim 1, wherein each
unit is a the cluster beam 18. Solid reaction products re-  25   single
atom. main on the surface to form a film 66, while volatile reaction
products leave the surface and are      3. The process of claim 1, wherein
each unit is a pumped away. An example of this type of reaction
molecule. is the supplying of [err] energized reactant in clusters of the
cluster beam, and the supplying of  so  4. The process of claim 1, wherein
all reactant tetramethylgallium through the port 38. The two       species
are contained in a unit of the clusters. reactants react to produce gallium
arsenide reac- tion product in the film 66, and hydrogen and       5. The
process of claim 1, wherein at least one methane volatile reaction products
which leave the     reactant is contained in a unit of the clusters,
surface.     35                                       and at least one
reactant is present on the Yet another preferred embodiment is illustrated
surface. in Figure 7, wherein the apparatus depicted In Figure 2 is used to
direct two energized reactants  6. The process of claim 1, wherein at least
one against the surface 14. The two reactants are sup-     reactant is
contained in a unit of the clusters, plied in two separate cluster beams 18
and 18,  40    and at least one reactant is supplied to the produced by two
separate cluster sources and           surface from another source external
to the beam conditioning systems. Again, a solid reaction     surface.
product remains on the surface 14 to produce a film 68 and volatile
reaction products leave the   7. The process of claim 1, wherein the
surface is surface and are pumped away. An example of such   45   made of a
semiconductor material. a dual energized reaction is the formation of
silicon carbide by the simultaneous injection of clusters of  8.  The
process of claim 1, wherein the clusters the two reactive gases silane and
methane (or          are impacted upon the surface intermittently.
propane). It will now be understood that the approach of  50  9. A process
for etching a surface, comprising the present invention provides a new
process for       the steps of: inducing energized chemical reactions at
surfaces        forming clusters of units of a volatile reac- by supplying
at least one of the reactants as a        tant etchant species, each
cluster containing cluster in a cluster beam. When the clusters dis-
from 2 to about 10,000 units of the reactant integrate at the surface both
the reactant in the   55  species; beam and the energy of the beam are
delivered to          ionizing the clusters; the surface. Energy transfer
to the reactant is as-        accelerating the clusters toward the sur- 



sured, and there is no need to be concerned with       face; and 7    11
EP 0 417 067 B1                     12 a film 62 is formed by the
decomposition of units  coupling of an external energy source to the reac-
supplied in the cluster beam 18, forming a reaction  tants. The  substrate
can be appropriately cooled product that remains on the surface 14 as the
film  from its underside. The energized reactant then This type of film can
be made indefinitely thick, as  enters into the chemical reaction at the
surface. long as the reactant species is supplied in the   5 cluster beam.
An example of this type of reaction is  Claims the formation of a tungsten
film on a surface by    Claims for the following Contracting States
directing clusters of [err] against the surface.  CH, IT, LI The clusters
disintegrate, and the [err] mol- ecules decompose in the energized reaction
to  10  1. A process for accomplishing externally ener- deposit the
tungsten reaction product onto the sur     gized chemical reactions at a
surface, compris- face. Carbon monoxide, the volatile reaction prod-
ing the steps of: uct, leaves the surface and is pumped away
forming clusters of a volatile reactant spe- through the vacuum system.
cles containing from 2 to about 10,000 units, Another preferred embodiment
of the invention   15  each unit containing a reactant species; is
illustrated in Figure 6, wherein one reactant is       ionizing the
clusters; supplied in the units of the cluster beam 18, and
accelerating the clusters toward the sur- another reactant is supplied to
the region above the   face; and surface 14 from another external source,
here the         Impacting the clusters upon the surface, so input port 38.
The second supplied reactant forms   20  that the clusters disintegrate and
provide a a reactant cloud 64 above the surface 14. The          reactant
and energy to the chemical reaction at reactant in the reactant cloud
reacts with the en-     the surface. ergized reactant species on the
surface 14, which is deposited and energized through the action of   2. The
process of claim 1, wherein each unit is a the cluster beam 18. Solid
reaction products re-  25   single atom. main on the surface to form a film
66, while volatile reaction  products leave the surface and are       3.
The process of claim 1, wherein each unit is a pumped away. An example of
this type of reaction       molecule. is the supplying of [err] energized
reactant in clusters of the cluster beam, and the supplying of  30  4. The
process of claim 1, wherein all reactant tetramethylgallium through the
port 38. The two        species are contained in a unit of the clusters.
reactants react to produce gallium arsenide reac- tion product in the film
66, and hydrogen and       5  The process of claim 1, wherein at least one
methane volatile reaction products which leave the     reactant is
contained in a unit of the clusters, surface.
35       and at least one reactant is present on the Yet another preferred
embodiment is Illustrated     surface. in Figure 7, wherein the apparatus
depicted in Figure 2 is used to direct two energized reactants  6. The
process of claim 1, wherein at least one against the surface 14. The two
reactants are sup-     reactant is contained in a unit of the clusters,
plied in two separate cluster beams 18 and 18',  40    and at least one
reactant Is supplied to the produced by two separate cluster sources and
surface from another source external to the beam conditioning systems.
Again, a solid reaction     surface. product remains on the surface 14 to
produce a film 68, and volatile reaction products leave the   7. The
process of claim 1, wherein the surface Is surface and are pumped away. An
example of such   45   made of a semiconductor material. a. dual energized
reaction Is the formation of silicon carbide by the simultaneous injection
of clusters of  8  The process of claim 1, wherein the clusters the two
reactive gases silane and methane (or          are impacted upon the
surface intermittently. propane). It will now be understood that the
approach of  so  9. A process for etching a surface, comprising the present
invention provides a new process for       the steps of: inducing energized
chemical reactions at surfaces,        forming clusters of units of a
volatile reac- by supplying at least one of the reactants as a        tant
etchant species, each cluster containing cluster in a cluster beam. When
the clusters dis-      from 2 to about 10,000 units of the reactant
integrate at the surface, both the reactant in the   55  species; beam and
the energy of the beam are delivered to          ionizing the clusters; 



the surface. Energy transfer to the reactant is as-        accelerating the
clusters toward the sur- sured, and there is no need to be concerned with
face; and 7    13                 EP 0 417 067 B1                    14
impacting the clusters upon the surface so  15. The process of claim 14,
wherein the chemical that the clusters disintegrate and provide the
reaction is the decomposition of the units of etchant species and energy to
the etching re-      the clusters. action atthe surface. 5   16. The
process of claim 14, wherein the chemical 10. The process of claim 9,
wherein each unit is a     reaction is the reaction of the reactant species
gas molecule.                                      in the clusters with
another species on the surface. 11. The process of claim 9, wherein the
etchant species is a molecule containing a halogen.  10  17. The process of
claim 14, wherein the chemical reaction is the reaction of the reactant
species 12. A process for accomplishing externally ener-       in the
clusters with another species provided gized chemical reactions at a
surface, compris-    from another source external to the surface. ing the
steps of: forming first clusters containing from 2 to  15   Claims for the
following Contracting States about 10,000 units of a volatile reactant spe-
DE, FR, GB, NL cles, each unit containing a first reactant spe- cies;
1. A process to accomplish externally energized ionizing the first
clusters;                    chemical reactions at a surface other than
film accelerating the first clusters toward the   20  deposition on the
surface, the process com- surface;
prising the steps of: impacting the first clusters upon the sur-
forming clusters of a volatile reactant spe- face, so that the first
clusters disintegrate and  cles containing from 2 to about 10,000 units,
provide the first reactant and energy to the       each unit containing a
reactant species; chemical reaction at the surface;          25
ionizing the clusters; forming second clusters containing from 2
accelerating the clusters toward the sur- to about 10,000 units, each unit
containing a      face; and second reactant species;
impacting the clusters upon the surface, so ionizing the second clusters;
that the clusters disintegrate and provide a accelerating the second
clusters toward  30     reactant and energy to the chemical reaction at the
surface; and                                   the surface. Impacting the
second clusters upon the surface  so that the second clusters disinte-  2.
The process of claim 1, wherein each unit is a grate and provide the second
reactant and          single atom. energy to the chemical reaction at the
surface.   35 3.  The process of claim 1, wherein each unit is a 3. The
process of claim 12, wherein the steps of      molecule. impacting the
first clusters and impacting the second clusters occur substantially
simulta-    4.  The process of claim 1, wherein, all reactant neously.
40      species are contained in a unit of the clusters. 14. A process for
producing a reacted film upon a   5.  The process of claim 1, wherein at
least one surface, comprising the steps of:                  reactant is
contained in a unit of the clusters, forming clusters containing units of a
vola-    and at least one reactant is present on the tile reactant species
to be deposited in a film,  45  surface. each cluster containing from 2 to
about 10,000 units of the species;                           6. The process
of claim 1, wherein at least one ionizing the clusters;
reactant is contained in a unit of the clusters, accelerating the clusters
toward the sur-       and at least one reactant is supplied to the face;
and                                  50      surface from another source
external to the impacting the clusters upon the surface so     surface.
that the clusters disintegrate and provide the reactant species and energy
to the deposition   7. The process of claim 1, wherein the surface is
reaction at the surface, the film that is pro-     made of a semiconductor
material. duced being, the result of a chemical reaction  55 involving the
species provided in the clusters.  8.  The process of claim 1, wherein the
clusters 



are impacted upon the surface intermittently. 8    15                 EP 0
417 067  1                    18 9. A process for etching a surface,
comprising         face; and the steps of:
impacting the clusters upon the surface, so forming clusters of units of a
volatile reac-   that the clusters disintegrate and provide the tant
etchant species, each cluster containing      reactant species and energy
to the deposition from 2 to about 10,000 units of the reactant   5
reaction at the surface, the film that is pro- species;
duced being the result of a chemical reaction ionizing the clusters;
involving the species provided in the clusters; accelerating the clusters
toward the sur-          the process wherein a non-volatile species face;
and                                          is not deposited on the
surface simultaneously Impacting the clusters upon the surface, so   to
with the clusters. that the clusters disintegrate and provide the etchant
species and energy to the etching re-   15. The process of claim 14,
wherein the chemical action at the surface.
reaction is the decomposition of the units of the clusters. 10. The process
of claim 9, wherein each unit is a   15 gas molecule.
16. The process of claim 14, wherein the chemical reaction is the reaction
of the reactant species 11. The process of claim 9, wherein the etchant
in the clusters with another species on the species is a molecule
containing a halogen.        surface. 20 12. A process for accomplishing
externally ener-   17. The process of claim 14, wherein the chemical gized
chemical reactions at a surface, compris-    reaction is the reaction of
the reactant species ing the steps of:                                  in
the clusters with another species provided forming first clusters
containing from 2 to     from another source external to the surface. about
10,000 units of a volatile reactant spe-  25 cies, each unit containing a
first reactant spe-  PatentansprUuhe cies;
Patentanspruche fMr folgende Vertragsstiaten Ionizing the first clusters;
CH, IT, LI accelerating the first clusters toward the surface;..
30  1. Ein Verfahren zum AusfUhren von extern akti- impacting the first
clusters upon the sur-     vierten chemischen Reaktionen an einer Ober-
face, so that the first clusters disintegrate and  fliche, umfassend die
folgenden Schritte: provide the first reactant and energy to the
Bilden von Clustem einer flUchtigen Reaktions- chemical reaction at the
surface;                  partner-Spezies, welche zwischen 2 und ca.
forming second clusters containing from 2   36  10.000 Einheiten enthalten,
wobel jede Einheit to about 10,000 units, each unit containing a       sine
Reaktionspartner-Spezies enthalt, second reactant species;
lonisieren der Cluster, ionizing the second clusters;
Beschleunigen der Cluster auf die Oberfl~che accelerating the second
clusters toward         zu und the surface; and
40      Aufprallen der Cluster auf die Oberflfche, so impacting the second
clusters upon the          dag die Cluster zerfallen und elnen Reaktions-
surface, so that the second clusters disinte-      partner sowie Energie
fUr die chemische Reak- grate and provide the second reactant and
tion an der Oberfilche zur VerfUgung stellen. energy to the chemical
reaction at the surface. 46  2. Das VerFahren nach Anspruch 1, wobel jede
13. The process of claim 12, wherein the steps of      Einhelt emn
elnzelnes Atom ist. impacting the first clusters and impacting the second
clusters occur substantially simulta-    3. Das Verfahren nach Anspruch 1,
wobei jede neously.                                            Einheit ein
MolekUIl ist. 50 14. A process for producing a reacted film upon a  4. Das
Verfahren nach Anspruch 1, wobei alle surface, comprising the steps of:
Reaktionspartner-Spezies in einer Einheit der forming clusters containing
units of a vola-    Cluster enthalten sind. tile reactant species to be
deposited in a film, each cluster containing from 2 to about 10,000   55
5. Das Verfahren nach Anspruch 1, wobei wenig- units of the species;
stens emn Reaktionspartner in einer Einheit der 



ionizing the clusters;                          Cluster enthalten ist und
sich wenigstens ein accelerating the clusters toward the sur-
Reaktionspartner auf der Oberflache befindet. 9    17                EP0
417 067 B1                      18 6. Das Verfahren nach Anspruch 1, wobel
wenig-          Oberfl~che zu und -.stens ein Reaktionspartner in miner
Einheit der     Aufprallen der zweiten Cluster auf die Oberfla- -
Clusteeothalen 1ist. und wenigstens.einReeak-..   .. ..che,.so..daB die
zweiten Clustr..zerfallen und....... \.-- tionspartner. von einer anderen
Quelle aufer-       den zweiten Reaktionspartner sowie Energie halb 'von
der Oberflche an die Oberflache   5      fMr die chemische Reaktion an der
Oberflache -geliefert wird..                                   zur
Verffgung stellen. .7. Das Verfahren nach Anspruch 1, wobei die        13.
Das Verfahren nach Anspruch 12, wobel die Oberfl~che aus einem
Halble-termaterial ge-       Schritte des Aufprallens der ersten Cluster
und macht ist.                                tO       des Aufprallens der
zweiten Cluster im wesent- lichen glelchzeitig staftfinden. 8. Das
Verfahren nach Anspruch 1, wobei die Cluster stof3weise auf die Oberflache
aufge-    14. Ein Verfahren zur Herstellung eines durch Re- prallt werden.
aktlon entstandenen Films auf einer OberfWN- 15      che, umfassend die
folgenden Schritte: 9. Ein Verfahren zum  Atzen diner Oberflache,
Bilden:von. Clustern, welche Einhelten diner umfassend die folgenden
Schritte:                  flUchtigen Reaktionspartner-Spezies enthalten,
Bilden von Clustern aus Einheiten einer fllchti-   die in einem -Film
abgelagert werden sollen, gen. Atzenden Reaktionspartner-Spezies  wobei
wobel jeder Cluster zwischen 2 und ca. 10.000 jeder Cluster zwlschen 2 und
ca. 10.000 Ein-  20    Einheiten der Spezies enth~ft, heiten der
Reaktionspartner-Spezles enthalt,       Ionisieren der Cluster, lonisieren
der Cluster,                            Beschleunigen der Cluster auf die
Oberflache Beschleunigen der Cluster auf die Oberflache       zu und zu und
Aufprallen der Cluster auf die Oberfliche, so Aufprallen der Cluster auf
die Oberfiache, so   25  daB die Cluster zerfallen und die Reaktions- daB
die Cluster zerfallen und die atzende Spe-     partner-Spezies sowie
Energie fUr die Ablage- zies sowie Energie fUr die Atzreaktlon an der
rungsreaktion an der Oberfilche zur VerfOgung Oberflache zur VerfOgung
stellen.                  stellen, wobel der Film, der hergestellt wird,
das Ergebnis einer chernischen Reaktion ist, 10. Das Verfahren nach
Anspruch 9, wobei jede   3o     welche die Spezies, die in den Clustern zur
Einheit ein GasmolekUI ist.                        VerfOgung gestellt wird,
einbezieht. :11. Das Verfahren nach Anspruch 9, .wobel die      18. Das
Verfahren nach Anspruch 14, wobel die *tzende Spezies din haiogenhaltiges
MolekWI         chemische Reaktbon die Zersetzung der Ein- *    - ist.   ;
.:                        3s       heiten der Cluster ist. Ein Verfahren
zum Ausf~hren von extem akti-      16. Das Verfahren nach Anspruch 14,
wobei die vierten chemischen Reaktionen an elner Ober-       chemische
Reaktion die Reaktion der Reak- * flche, umfassend die folgenden Schritte:
tionspartner-Spezies in den Clustem mit elner Bilden von ersten Clustern,
weiche zwlschen 2   4o  anderen Spezies auf.der.Oberfllche ist.- und ca.
10.000 Einheiten diner flichtigen Re- aktionspartner-Spezles enthalten,
wobei jede    17. Das Verfahren nach Anspruch 14, wobei die Einheit eine
erste Reaktionspartner-Spezies        chemische Reaktion die Reaktion der
Reek- enthUlt,
tionspartner-Spezies in den Clustern mit einer lonisieren der ersten
Cluster,             45      anderen Spezies ist, welche von diner anderen
Beschleunigen der ersten Cluster auf die Ober-     Quelle aulerhalb der
Oberflache zur VerfU- flache zu und
gung gestellt wird. Aufprallen der ersten Cluster auf die Oberfld- che, so
daB die ersten Cluster zerfallen und    Patentanspritche fUr folgende
Vertragsstaaten den ersten Reaktionspartner sowie Energie fUr  so   : DE,
FR, GB, NL die chemische Reaktion an der Oberflache zur VerfUgung stellen,
1. Ein Verfahren um extern aktivierte chemische Bilden von zweiten
Clustern, welche zwischen       Reaktionen auf diner Oberfl~che
auszufUhren, 2 und ca. 10.000 Einheiten enthalten, wobei        auBer
Filmablagerung auf der Oberflache, wo- jede Einheit eine zweite
Reaktionspartner-Spe-  66  bei das Verfahren die folgenden Schritte um-
zies enthalt,                                      faMt: lonisieren der
zweiten Cluster,                     Bilden von Clustern einer flUchtigen
Reaktions- Beschleunigen der zweiten Cluster auf die
partner-Spezies, welche zwischen 2 und ca. 



10    10.000 Einheitn enthalten, wobei jeci Einheit   11. Das Verfahren
nich Anspruch 9, wobe. die eine. Reaktionspartner-Spezies enthalt,
atzende Spezies ein halogenhaltiges MolekUl lonisieren der Cluster,
ist. w:    Beschleunigen. der Cluster auf die Oberflache zu und
5   12. Ein Verahren zum AusfUhren von extem akti- Aufprallen der Cluster
auf die Oberflache, so       vietten chemischen Reaktlonen an einer Ober-
daB' die Cluster zerfallen und einen Reaktions-     flNche, umfassend die
folgenden Schritte: partner sowie Energle f~r die chemische Reak-
Bilden von ersten Clustern, welche zwischen 2 tion an der Oberfliche zur
VerfUgung stellen.       und ca. 10.000 Einheiten einer fllchtigen Re- 10
aktionspartner-Spezies enthalten, wobel jede 2. Das Verfahren nach Anspruch
1, wobel jede            Einheit eine erste Reaktlonspartner-Spezies
Einheit ein einzelnes Atom ist.                     enthait, lonisieren der
ersten Cluster, 3. Das Verfahren nach Anspruch 1, wobei jede
Beschleunigen der ersten Cluster auf die Ober- Einheit ein MolekUl lst.
15      fNche zu und Aufprallen der ersten Cluster auf die Oberfl- 4. Das
Verfahren nach Anspruch 1, wobei alle            che, so daB die ersten
Cluster zerfallen und Reaktionspartner-Spezies in einer Einhelt der
den ersten Reaktionspartner sowie Energie fUr Cluster enthalten sind.
die chemische Reaktion an der Oberflache zur 20      VerfUgung stellen, 5.
Das Verfahren nach Anspruch 1, wobel wenig-          Bilden von zweiten
Clustern, welche zwischen stens ein Reaktionspartner in elner Einhelt der
2 und ca. 10.000 Einheiten enthalten, wobei Cluster enthalten ist und sich
wenigstens ein      jede Einhelt elne zweibt Reaktionspartner-Spe-
Reaktionspartner auf der Oberflache befindet.       zies enthilt, 26
lonisleren der zweiten Cluster, 6. Das Verfahren nach Anspruch 1, wobei
wenig-          Beschleunigen der zweiten Cluster auf die stens ein
Reaktionspartner In einer Elnheit der     Oberfliche zu und Cluster
enthalten ist und wenigstens ein Reak-      Aufprallen der zweiten Cluster
auf die Oberfil- tionspartner von elner anderen Quelle auger-        che,
so daB die zweiten Cluster zerfallen und halb von der Oberfrnche an die
Oberflache   30      den zweiten Reaktionspartner sowie Energie geliefert
wird.                                     for die chemische Reaktlon an der
Oberflache zur VerfUgung stellen. 7. Das Verfahren nach Anspruch 1, wobei
die Oberflache aus einem  Halbleitermaterial ge-    13. Das Verfahren nach
Anspruch 12, wobei die macht ist.                                 9S
Schritte des Aufprallens der ersten Cluster und des Aufprallens der zweiten
Cluster Im wesent- a  Das Verfahren nach Anspruch 1, wobel die
lichen gleichzeitig stattfinden. Cluster sto~weise auf die Oberflache
aufge- prallt werden.                                  14. Ein Verfahren
zur Herstellung eines durch Re- 40      aktion entstandenen Films auf elner
Oberfli- 9. Ein Verfahren zum  Atzen einer Oberflache,           che,
umfassend die folgenden Schritte: umfassend die folgenden Schritte:
Bilden von Clustern, welche Einhelten einer Bilden von Clustem aus
Einhelten einer filUchti-    flUchtigen Reaktionspartner-Spezies enthalten,
gen atzenden Reaktionspartner-Spezies, wobei        die in elnem Film
abgelagert werden sollen, jeder Cluster zwischen 2 und ca. 10.000 Ein-  4S
wobei jeder Cluster zwischen 2 und ca. 10.000 heiten der
Reaktionspartner-Spezies enthilt,        Einhelten der Spezies enthalt,
lonisieren der Cluster,                             lonisieren der Cluster,
Beschleunigen der Cluster auf die Oberflache        Beschleunigen der
Cluster auf die Oberflache zu und
zu und Aufprallen der Cluster auf die Oberflache, so   so  Aufprallen der
Cluster auf die Oberflache, so dalB die Cluster zerfallen und die atzende
Spe-     daB die Cluster zerfallen und die Reaktions- zies sowie Energie
fUr die Atzreaktion an der       partner-Spezies sowie Energie far die
Ablage- Oberflache zur VerfUgung stellen.                   rungsreaktion
an der Oberflache zur Verfogung stellen, wobei der Film, der hergestellt
wird, 10. Das Verfahren nach Anspruch 9. wobei jede   56      das Ergebnis
einer chemischen Reaktion ist, Einheit ein GasmolekUl ist.
welche die Spezies, die in den Clustern zur VerfUgung gestellt wird,
einbezieht, und wobei eine nicht-flUchtige Spezies nicht 



21                EP 0 417 067 B1                     22 gleichzeitig mit
den Clustem auf die Oberfla-  7. Le procede de la revendication 1, dans
loquel che abgelegert wird.                               Ia surface est
constitube par un materiau semi- conducteur. 5. Das Verfahren nach Anspruch
14, wobel die chemische Reaktion die Zersetzung der Ein-   6   &  Le
procede de la revendication 1, dans lequel heiten der Cluster ist.
on projette les amas sur la surface de fason intermittente. 16. Das
Verfahren nach Anspruch 14, wobel die chemische Reaktion die Reaktion der
Reak-      9. Un procede pour attaquer une surface, corn-
tionspartner-Spezies in den Clustern mit einer  10  prenant les etapes
sulvantes: anderen Spezies auf der Oberflche ist.               on forme
des amas d'unltds d'une espece d'attaque reactive volatile, chaque amas
conte- 17. Das Verfahren nach Anspruch 14, wobel die         nant de 2 a 10
000 unites de l'espece reactive; chemische Reaktion die Reaktion der Reak-
on ionise les amas; tionspartner-Spezies in den Clustern mit einer  15
on accelbre les amas vers la surface; et anderen Spezies Ist, welche von
einer anderen         on: projette les amas sur la surface, de Quelle
augerhalb der Oberflache zur VerfU-         faQon que les amas se
desintegrent et fournis- gung gestellt wird.
sent i'espbce d'attaque et de le6nergle    la rdaction d'attaque sur la
surface. Revendlcatlons                                20 Revendlcatlons
pour les Etats contractants         10. Le proc6d6 de la revendication 9,
dans lequel sulvants :CH, IT, Li                                  chaque
unite consiste en une molecule de gaz. 1. Un procede pour realiser sur une
surface des    11. Le proced6 de la revendication 9, dans lequel reactions
chimlques recevant de l'4nergle de   25  lespece dlattaque est une mol~cule
contenant fagon externe, comprenant les etapes suivan-       un halogbne.
-tes: on forme des amas d'une espece reactive     12. Un proc~d6 pour
r6aliser sur une surface des volatile contenant de 2 & environ 10 .000 uni-
reactions chimiques recevant de l'energie de t~s, cheque unit6 contenant
une espece reacti-  30  fagon externe, comprenant les etapes sulvan- -
ve;                                               tes: on lonise les amas;
on forme des premiers amas contenant de on acc~lbre les amas vers la
surface; et       2 a environ 10 000 unites d'une espece reacti- on
projette les amas sur la surface, de        ve volatile, chaque unite
contenant une pre- fagon que les amas se ddsintbgrent et foumis-  35  mlere
espbce rdactive; sent un reactif et de l'energie I la reaction         on
ionise les premiers amas; chlmique sur la surface.
on accelere les premiers amas vers la surface; 2. Le proc~d6 de la
revendication 1, dans loquel          on projette les premiers amas sur la
surfa- chaque unit6 consiste en un seul atome.   40       ce, de fagon que
les premiers amas se d~sin- tegrent et foumissent le premier rAactif et de
3. Le procede de la revendication 1 dans lequel      lenergie I la reaction
chimique sur la surface; chaque unit% consiste en une molecule.
on forme des seconds amas contenant de 2 a environ 10 000 unites, chaque
unite conte- 4. Le proc~d6 de la revendication 1, dans loquel  45  nant une
seconde espbce reactive; toutes les espbces rdactives sont contenues
on ionise les seconds amas; dans une unit6 des amas.
on accelere les seconds ames vers la sur- face; et 5. Le procede de la
revendication 1, dens loquel          on projette les seconds amas sur la
surfa- au moins un rdactif est contenu dans une unit6  50  ce, de fagon que
les seconds amas se d~sin- des amas, et au moins un r6actif est prdsent
tegrent et fournissent le second rdactif et de sur la surface.
14nergie & la reactlon chimique sur la surface. 6. Le proc6d6 de la
revendication 1, dans lequel   1& Le procd6 de la revendlcation 12, dans
lequel au moins un r6actif est contenu dans une unite  aS  les etapes de
projection des premiers amas et des amaset au moins un reactif est foumi A
la     de projection des seconds amas ont lieu simul- surface par une autre
source externe a la         tan6ment. surface. 12  



23                EP 0 417 067 B1                   24 14. Un proced6 pour
produire sur une surface une  4. Le proced6 de la revendication 1, dans
lequel couche resultant d'une reaction, comprenant      toutes les especes
reactives sont contenues les etapes suiventes:
dans une unit6 des amas. on forme des amas contenant des unit6s d'une
espbce reactive volatile a deposer dans   6   5. Le procede de la
revendication 1, dons loquel une couche, chaque amas contenant de 2
a au moins un r6actlf est contenu dens une unite environ 10 000 unites de
l'espece;                des amas, et au moins un r~actif est pr~sent on
ionise les amas;                           sur la surface. on acclbre les
amas vers la surface; et on projette les amas sur la surface, de   10  6.
Le procede de la revendlcation 1, dans lequel fagon que les amas se
ddsintbgrent et fournis-    au moins un r~actif est contbnu dans une unite
sent l'espece reactive et de l'4nergie a la       des amas, et au moins un
reactif est foumi a la reaction de dep8t sur la surface, la couche qul
surface par une autre source exteme a la est produite 6tant le resultat
d'une reaction     surface. chimique faisant intervenlr l'espece qul est
is fournie dans les amas;                        7. Le procede de la
revendication 1, dans lequel la surface est constituee par un materiau
semi- 15. Le procede de la revendication 14, dens lequel   conducteur. Ia
reaction chimique est la d6composition des unit6s des amas.
20  8. Le procede de la revendicatton 1, dans lequel on projette les amas
sur la surface de fagon 16. Le procede de la revendication 14, dens lequel
intermittente. Ia reaction chimique est la r~action de l'espece reactive
dans les amas avoc une autre espbce  9. Un procede pour attaquer une
surface, com- sur la surface.                          26       prenant les
etapes suivantes: on forme des amas d'unit~s d'une espbce 17. Le procd6 de
Ia revendication 14, dens lequel   d'attaque rdactive volatile, chaque amas
conte- la reaction chimique est la reaction de l'espbce  nant de 2 a 10 000
unIt6s de l'espbee r~active; ;ractive dens les amas avec une autre espbce
on ionise los ames; qui est fournie par une autre source exterieurs  3o  on
acc6lbre les amas vers la surface; et a la surface.
on projette les amas sur la surface, de fagon quo les amas se ddslntbgrent
et fournis- Revendlcatlons pour les Etats contractants           sent
1'espbce d'attaque et de l'4nergle a la *-;;---sulvants: DE, FR, GB, NL
reaction d'attaque sur la surface. 35 1. Un procjd6 pour r6atiser sur une
surface des   10. Le proc6de de la revendicatlon 9, dens lequel reactions
chimiques recevant de l'nergie de      chaque unlte consists en une
mol6cule de gaz. fagon externe, qui sont des reactions autres quo le dep8t
d'une couche sur la surface, le  11. ie procede de la revendication 9, dens
loquel procedd comprenant les 6tapes suivantes:  40     1'espbce d'attaque
est une molicule contenant on forme des amas d'une espece r6eactive      un
halogene. volatile contenant de 2 & environ 10 000 uni- t6s, chaque unite
contenant une espece reacti-  12. Un procede pour realiser sur une surface
des ve;                                              reactions chimiques
recevant de l'Nnergle de on ionise les amas;                   45
fagon exteme, comprenant les 6tapes suivan- on acc4lbre les amas vers la
surface; et      tes: on projette les amas sur Ia surface, de           on
forme des premiers amas contenant de fagon que les amas se d6sintbgrent et
fournis-    2 & environ 10 000 unit6s d'une espbce rdacti- sent un reactif
et de l'energie a la reaction     ve volatile, chaque unit4 contenant une
pro- chimique sur la surface.                 50       miere espbce
reactive; on ionise les premiers amas; 2. Le procede de la revendication 1,
dans loquel        on accelbre les premiers amas vers la chaque unit6
consiste en un soul atome.           surface; on projette les premiers amas
sur la surfa- e3. L procMd6 de la revendication 1, dens lequel  56  ce, de
fagon quo les premiers amas se desin- chaque unite consiste en une
mol~cule.           tegrent et fournissent le premier r~actif et de
I'energie - la r~action chimique sur la surface; on forms des seconds amas
contenant de 13 
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unltes, chaque unit6 conte- nant une seconde especo reactive; on ionise les
seconds amas; on :accilbre les seconds amas vers la sur- face; at
5 on projette les seconds amas sur la surfa- ce, de fa on que lea seconds
amas se d~sin- tegrent-et fournissent le second r6actif et de r6nergie a la
reaction chimique sur la surface. 10 13. Le procede de la revendication 12,
dons lequel les etapes de projection des premiers amas et de projection des
seconds amas ont lieu simul- tanement. .14. Un procede pour produire sur
une surface une couche resultant d'une reaction, comprenant les etapes
suivantes: on forme des amas contenant des unit~s d'une espbce reactive
volatile & deposer dans   2o une couche, chaque amas contenant de 2 a
environ 10 000 unites de l'espbce; on ionise les amas; on accelbre lea amas
vers la surface; et on projette les amas sur la surface, de   25 fagon que
les amas se d6sintegrent et foumis- sent l'espbce reactive et de l'energie
& la r6action de dep8t sur la surface, la couche qui est produite etant le
r~sultat d'une reaction chimique faisant intervenir l'espice qui est  so
fournie dans les amas; et dans lequel une espbce non volatile nest pas
deposee sur la surface simultane- ment aux amas. 35 15. Le proc~d4 de la
revendication 14, dans loquel la reaction chimique est la dccomposition des
unites des amas. 16. Le procede de la revendicatlon 14, dans lequel  40 la
r~action chimique est la rdaction de l'espece reactive dans les amas avec
une autre espece sur la surface. 17. Le proced6 de la revendicatlon 14,
dans loquel  45 la reaction chimique est la reaction de l'espece reactive
dans les amas avec une autre espbce qui est fournie par une autre source
ext6rieure l la surface. 50 65 14    


