
-1 Process for applying in particular optical coatings The invention relates
to a process and an apparatus for  applying a coating as claimed in claim 1
and claim 9,  5 respectively. A range of vacuum coating processes are used
to produce  optical coatings, for example for antireflection and  mirror
coatings, optical filters and other treatments 10 of substrate surfaces. The
vacuum coating processes  carried out in a vacuum chamber include, inter
alia:  vapor deposition (VD), chemical vapor deposition (CVD)  and
sputtering (physical vapor deposition - PVD). 15 During vapor deposition,
first of all a coating  material is melted and vaporized by means of a
heater  or electron beam bombardment. The material in the vapor  phase then
condenses on a cooler surface of the  substrate which is to be coated, where
it forms a 20 layer. However, deposits are also formed on other  surfaces of
the vacuum chamber which are accessible to  the vapor phase. Unlike in the
case of physical vapor deposition  25 processes, in the CVD process a solid
component which is initially in a vapor phase is deposited on the  surface
of the substrate as a result of a chemical  reaction. The precondition for
this is for a compound  having the desired properties to exist in a vapor
phase 30 which under defined conditions, for example with a  defined
reaction partner, is deposited as a solid  layer. One specific type of the
CVD process is plasma- enhanced CVD. In this variant, a plasma is generated
above the substrate surface to be coated. Some of the 35 components within
the vapor which is introduced are  brought into a chemically reactive state
in the plasma,  



so that they are capable of undergoing a chemical  reaction in the vicinity
of the substrate surface,  which leads to a solid layer building up. ui-~
~~y cai v r al 1LiJJi1 ;" ii .U ~: c3LZ'S y  surface has been conditioned in
this way, a further  optical layer or a layer system is then applied to the
hard lacquer layer, for example by one of the vacuum  coating processes
mentioned above. However, these hard 5 lacquer coating operations are very
technically  complex, produce only a low yield of optically perfect  hard
lacquer layers and have a relatively low  resistance to abrasion and
weathering compared to the  inorganic layers applied by means of vacuum
coating 10 processes, such as oxide or nitride layers.  Furthermore, a
two-stage production process of this  type entails increased costs on
account of possible  surface contamination and more complex handling
techniques. 15 An alternative solution approach, which makes do  without a
separately applied hard lacquer layer, is  known from EP-A-0870070. In this
case, in a plasma- enhanced CVD process, organometal monomers in a vapor 20
phase are introduced into the vacuum chamber in  addition to the reactive
gases oxygen and nitrogen and  are incorporated into the layer as it is
being built  up. The organometal monomer hexamethylenedisiloxane  (HMDSO) is
used to produce an organically modified 25 oxide, oxynitride or nitride
layer. Preferred  application areas for this process include film  coatings,
window and mirror coatings and coatings for  decorative surfaces and
exterior cladding applications. 



30 A disadvantage which has emerged with plasma-enhanced  CVD processes is
that not only the desired surfaces of  a substrate but also other surfaces
in the vacuum  chamber, in particular including rear sides of the
substrates, are coated or contaminated in an 35 uncontrolled way. This
occurs at least because the  process conditions are selected in such a way
that the  reactive gas reacts chemically at the surfaces.  Accordingly,
time-consuming and expensive cleaning work  has to be carried out on the
vacuum chamber during the production process. Since uncontrolled coating of
the  rear side affects the optical quality of the end  product, CVD
processes of this type cause problems with  the production of optical
elements. 5 The process described in EP-A-0870070 produces a  certain
localization on surfaces to be coated, by  generating a high-density plasma
zone immediately in  front of the surface to be coated, and by targeted 10
passage of reactive gases and monomers on to the  surface to be coated.
However, this process is  technically complex and does not sufficiently
prevent  contamination of the vacuum chamber and uncontrolled  coating of
the rear side of the substrates. 15 The object of the present invention is
to provide a  process and an apparatus for producing coatings which  allow a
layer with defined mechanical properties to be  applied to a front surface
of a substrate with little  20 contamination of a vacuum chamber. This
object is achieved by a process and an apparatus  for applying a coating as
claimed in claim 1 and  claim 9, respectively. Particularly preferred  



25 embodiments are described in the dependent claims. The process according
to the invention and the  apparatus according to the invention are used to
apply  an optical transition layer to a front surface of a 30 substrate. The
transition layer is intended to match  mechanical properties of the
substrate to mechanical  properties of layers or layer systems which are to
be  applied above the transition layer. This produces  compatibility between
the materials of the substrate 35 and the layers above it in terms of their
elasticity,  hardness and thermal properties. Sputtering forms the  basic
process for the application of the transition  layer. Sputtering offers the
advantage of quickly  building up the layer in combination with an excellent
directional characteristic, with the result that  contamination of the
vacuum chamber is substantially  prevented. During the sputtering operation
used to  build up the transition layer, precursors whereof the 5 reaction
products, in the state in which they are  incorporated in the transition
layer, alter the  mechanical properties of the transition layer are
introduced into the vacuum chamber. The concentration  of the precursors,
which are in a vapor phase, in the 10 vacuum chamber is set in such a manner
that the  deposition of reaction products and/or precursors  without a
simultaneous sputtering operation, i.e. as  part of the CVD process, is
substantially prevented or  does not take place. This means that, with
regard to 15 the reaction products and precursors, without a  sputtering
operation taking place adsorption and  desorption are in equilibrium,
whereas during the  sputtering operation the desorption is impeded and/or
adsorption promoted on the regions which lie opposite 



20 the target, in particular the surfaces which are to be  coated. In this
wayf reaction products and/or  precursors are deposited in a targeted way
and at least  virtually exclusively in the region lying opposite the
target, in particular on the front surfaces of the 25 substrates; there is
much less contamination of the  surrounding surfaces in the vacuum chamber
and the rear  side of the substrate. If appropriate, further coatings can be
applied by  30 sputtering in the vacuum chamber without transferring the
substrate. By way of example, it is possible to  apply the transition layer
and then an Si oxide/Si  nitride layer system for antireflection coating on
spectacle lenses or watch faces in a single operation 35 using the same
target, for example an Si target. A  process of this type for applying
protective and  antireflection layers is described, for example, in
EP-A-1275751. The apparatus according to the invention and the  process
according to the invention therefore produce a  high-quality coating, in
particular even for optical  components, using a time-saving and cost-saving
5 production process. Unlike the prior art, this is not a  purely chemical
process, but rather a combination of  physical sputtering with a pronounced
directional  characteristic and the chemically reactive  incorporation of
reaction products in the transition  10 layer. Particularly preferred
embodiments of the process  according to the invention and of the apparatus
according to the invention are described below with 15 reference to the
drawings, in which in detail and  purely diagrammatically: 



Fig. 1 shows a side view of a cross section through a  coated substrate with
a transition layer in  20 which reaction products are incorporated; 25 30
Fig. 2 shows a detail illustration of the substrate  shown in Fig. 1 with a
transition layer and an  antireflection layer system applied above it;  and
Fig. 3 shows a plan view of an apparatus according to  the invention with
two substrates and a target  in a vacuum chamber. Fig. 1 shows a substrate
10 with a coating which has  been produced using the process according to
the  invention or by means of the apparatus according to the  invention. A
transition layer 12 (also referred to as a 35 hard layer), in which reaction
products 14 formed from  precursors are incorporated, has been produced
directly  above the substrate 10. The reaction products 14 are  used to
match the mechanical and thermal properties of  the substrate 10 to the
mechanical and thermal - 7  properties of an antireflection layer system 16
above  it. This ensures that the substrate 10 is mechanically  compatible
with the layer system 16. An increased  elasticity and therefore improved
matching of the 5 transition layer 12 prevents the generally very  brittle,
inorganic layer system 16 from becoming  detached. Therefore, the transition
layer performs a  bridging function between the substrate 10 and the  layer
system 16. 10 The transition layer 12 which is shown in Fig. 1, has  



been applied to a substrate 10 made from plastic and is  surrounded in
sandwich fashion, predominantly comprises  SiO2 and is approximately 500 nm
thick. The 15 antireflection layer system 16 above this transition layer 12,
which is 20 approximately  approximately  approximately  approximately
approximately illustrated in detail in Fig. 2, is 214 nm thick and comprises
33 nm thick SiNy layer 16a, an an 22 nm thick SiOX layer 16b, a further,  66
nm thick SiNy layer 16c and a further,  94 nm thick SiOX layer 16d. Since
the same target material silicon and the sputtering gases  oxygen and
nitrogen were used during the production of  the transition layer 12 and the
layer system 16, the 25 layers 12, 16a, 16b, 16c, 16d have been deposited in
succession in a single operation without the substrate  10 having to be
moved. The process used to apply the  antireflection coating is described,
for example, in  the above-referenced EP-A-1275751. In addition to the 30
coating of a plastic substrate 10 as shown here, it is  also possible for
other substrate materials, for  example glass, metals or ceramic materials,
to be  coated in this manner. Furthermore, a defined  concentration gradient
of reaction products 14 can be 35 produced in the transition layer 12 during
the coating  



operation by varying the precursor concentration, in  order to further
optimize the compatibility between  substrate 10 and layer system 16. Fig. 3
provides a purely diagrammatic illustration of a  plan view of the apparatus
according to the invention.  In the interior of a vacuum chamber 18 formed
by walls,  there are two substrates 10, the front surfaces 20 of 5 which,
directed into the interior of the vacuum chamber  18, lie at least virtually
parallel opposite a target  surface 22 of a target 24. The distance between
the  front surfaces 20 and the target surface, depending on  the substrate,
is between 50 mm and 150 mm, preferably  10 between 90 mm and 120 mm. The
exemplary embodiment illustrated uses an Si target.  Of course, it is also
possible to use other materials  which are suitable for sputtering. On the
target 15 surface side, an apparatus which is not shown is used  to bombard
the target 24 with ions. This can take place  in a way which is known for
conventional sputtering  processes, for example by means of a DC voltage gas
discharge or by means of a magnetron positioned at the  20 target 24 and
operated in pulsed mode. In the vicinity of the target surface 22, a plasma
which contains ions of the sputtering gases is produced  in a sputtering
gas, in this embodiment argon and 25 oxygen, introduced into the vacuum
chamber 18 through a  sputtering gas inlet 26. In an electromagnetic field,
the ions are accelerated toward the target surface 22.  When the ions strike
the target surface 22, (Si) atoms  are removed from the target 24. Depending
on the 30 conservation of momentum, the atoms which have been  removed move
substantially perpendicularly away from  the target surface 22 on to the
front surface 20 of the  



substrate 10 and thereby produce a directional  dependency in the coating
process during sputtering. On 35 their way, they are oxidized by the oxygen,
in the  present case to form SiO2 and are then deposited on or  above the
front surface 20 of the substrate 10. In addition to the sputtering gas
inlet 26 for the  introduction of the sputtering gas, the vacuum chamber  18
also has at least one precursor inlet 28 and an  outlet 30. 5 The precursors
of the reaction products 14, which are  in a vapor phase, are fed to the
vacuum chamber 18 via  the precursor inlet 28. By interaction with the
outlet  30, which is connected to a vacuum pump, the 10 concentration of the
precursors and their associated  partial pressure are set by means of a
control  apparatus (not shown) . In the present embodiment, the  precursor
used is hexamethylenedisiloxane (HMDSO). As  an alternative, it is also
possible to use other 15 substances or substance mixtures which are in a
vapor  phase, preferably organometal substances. In this  embodiment, with a
vacuum chamber 18 of a size of  10 dm3, the flow rate of the precursor HMDSO
is set to  approximately 5 sccm (standard cubic centimeters/min) 20
corresponding to 0.3 liters/h [s.t.p.], which leads to  a partial pressure
of the precursors in the vacuum  chamber 18 of 1.5.10-2 Pa. At such a low
partial  pressure or such a low concentration of precursors, it  is
virtually exclusively the front surfaces 20 of the 25 substrates 10, lying
directly opposite the target  surface 22, which are coated with
incorporation of the  reaction products 14. The low concentration of
precursors also means that if ion bombardment is  



absent, for example if the plasma is missing on account 30 of the gas
discharge being switched off, the magnetron  not operating and/or a lack of
sputtering gases,  adsorption and desorption processes are in equilibrium
throughout the entire vacuum chamber 18, and there can  be no incorporation
or effective deposition in the 35 sense of contamination with precursors or
the reaction  products 14 thereof. Only during sputtering and therefore
while the  transition layer 12 is being built up is this - 10  equilibrium
shifted at least virtually exclusively in  the region lying opposite the
target 24, in particular  on or in front of the front surfaces 20, in such a
manner that net deposition of the reaction products 14 5 occurs as a result
of impeded desorption or promoted  absorption, with the result that the
reaction products  14 are incorporated in the transition layer 12.
Furthermore, an equilibrium between adsorption and  desorption processes
continues to prevail on all 10 surfaces which do not lie opposite the target
24 or the  target surface 22, and at these surfaces there is no or  only
reduced deposition or contamination. Based on the directional dependency of
the coating  15 processes during sputtering, the process according to the
invention or the apparatus according to the  invention has a pronounced
directional characteristic  as seen from the target surface 22 toward the
front  surfaces 20, which advantageously makes it possible to 20 prevent
undesired deposits of precursors or reaction  products 14, in particular
including on the rear sides  34 of the substrates 10. Uncontrolled coating
of the  rear side would lead to partially unsatisfactory  



bonding strengths on the rear sides 34, so that 25 subsequent application of
further layers or layer  systems to the defective rear side coating overall
results in coatings of inadequate quality. The method according to the
invention for operating the  30 above-described apparatus initially also
requires the preparation work required for known vacuum coating  processes,
i.e. mainly cleaning of the vacuum chamber  18, conditioning/cleaning of the
substrate surfaces,  securing/orienting of substrate 10 and target 24, 35
closing of the vacuum chamber 18 and its subsequent  evacuation. Then, the
coating according to the  invention is effected by applying the transition
layer  12 to the front surface 20 of the substrate 10, with  inclusion of
the reaction products 14, in order to - 11  match the mechanical properties
of the layer system 16  which is subsequently applied to the mechanical
and/or  thermal properties of the substrate 10. During  sputtering, the
transition layer 12, with the inclusion 5 of the reaction products 14, is
deposited at least  virtually exclusively on the front surface 20. During
this process step, the partial pressure of the  precursors in the vacuum
chamber 18 is set in a range  from 1. 10-3 Pa to 1-10-1 Pa, preferably to
1.5- 10-2 Pa, 10 so that deposition of reaction products 14 and their
precursors within the vacuum chamber 18 is prevented  without ion
bombardment of the target surface 22. As  soon as the transition layer 12 is
completed, it is  possible to apply the layer system 16 without the need 15
for complex and expensive transfer of the substrate 10. A number of load
tests have been carried out on  substrates 10 which have been coated with a
transition  



layer 12 using the process according to the invention 20 and then provided
with an antireflection layer system  16. For these tests, a transition layer
12 was in each  case applied to an object A using the following process
parameters: 25 incoming gas flow rates: 25 sccm of argon,  15 sccm of
oxygen, 5 sccm of HMDSO, resulting  in an HMDSO partial pressure of 1.5-
10-2 Pa; pulsed DC sputtering with an electric power of  30 1.5 kW and a
pulse frequency of 90 kHz, with the plasma on time during the pulses
amounting  to 6 ms; * Si target 24; 35 time for applying the transition
layer 12  300 ms, resulting in a thickness of the  transition layer 12 of
430 nm; - 12   distance between the Si target 24 and the  substrate 10 105
mm. Then, identical antireflection layer systems 16 were  5 deposited on the
object A and a reference object B, with an identical substrate 10 but
without the  transition layer 12. The coatings were then damaged in  a
defined way by means of a standard tool such that  four strips of
wedge-shaped grooves running parallel to 10 one another at a distance of 1
mm were scratched into  the coatings. The object A and the associated
reference  object B were then subjected to a rapid aging test, in  which
loading typical of two years of normal use was  simulated by 10 days of
rapid aging. For this purpose, 15 in a test chamber, the objects were
switched at  4-hourly intervals from 



1. a temperature of 55C and an atmospheric  humidity of 95% to 20 2. a
temperature of 50C without atmospheric  humidity but with irradiation with
UVB light of  an intensity of 0.83 W/m2/nm. 25 It was possible to determine
removal of materials from  the coatings by a visual inspection by means of a
standardized adhesive tape test (ASTM D 3359: Standard  Test Methods for
Measuring Adhesion by Tape Tests), in  which adhesive tapes were stuck over
the damaged 30 regions and then pulled off. In these tests, it was
concluded that the objects A provided with a transition  layer 12 in
accordance with the invention did not have  any additional damage or removal
of layer elements. By  contrast, approximately 30% of the coatings of the 35
reference object B had become detached, and the  remaining coating revealed
further crack formations.  This demonstrated the function and advantageous
action  of the process according to the invention involving the  application
of a transition layer 12. - 13  A typical area of use for the present
apparatus and the  present process is the coating of spectacles lenses
and/or watch faces made from plastic or glass. However, 5 neither the
process nor the apparatus is restricted to  the conventional fields of
optics and manufacture of  scientific apparatus, but rather can also be used
in  other fields, for example packaging technology and  energy technology,
for example in connection with solar  10 cells. - 14  Patent Claims 



1. A process for applying in particular optical  coatings to a front surface
(20) of a substrate (10) 5 located in a vacuum chamber (18) by means of
ion-enhanced atomization of a target (24) (sputtering),  wherein to produce
a transition layer (12) on the front  side, which serves in particular to
match mechanical  properties of the substrate (10) to mechanical 10
properties of layers or layer systems (16) to be  applied to it, precursors
whose reaction products (14),  in the state in which they are incorporated
in the  transition layer (12), alter the mechanical properties  of the
transition layer (12), are introduced into the 15 vacuum chamber (18) before
and/or during the  application of the transition layer (12), with the
concentration of the precursors, which are in a vapor  phase, in the vacuum
chamber (18) being set in such a  manner that the deposition of reaction
products (14) 20 and/or precursors without a simultaneous sputtering
operation is substantially prevented, and that, during  sputtering, reaction
products (14) and/or precursors  are deposited at least virtually
exclusively in a  region, which lies opposite the target (24), preferably
25 at the front surfaces (20) of the substrate (10). 2. The process as
claimed in claim 1, wherein the  precursors used are polymerizable
hydrocarbons,  organometal compounds, organosilicon compounds, 30
organofluorine compounds and/or mixtures thereof,  preferably
hexamethylenedisiloxane (HMDSO). 3. The process as claimed in claim 1 or 2,
wherein  the precursor used is hexamethylenedisiloxane (HMDSO), 35 whose
partial pressure in the vacuum chamber (18) is  set to a range from 1-10-'
Pa to 1-10-1 Pa, preferably  1.5- 10-2 Pa. 



- 15  4. The process as claimed in one of claims 1 to 3,  wherein the
transition layer (12), in particular to  produce an optical element, is
applied to an optically  transparent substrate (10) made of plastics or
glass. 5 5. The process as claimed in one of claims 1 to 4,  wherein a
further layer or a further layer system (16),  preferably an antireflection
layer or antireflection  layer system, is applied to the transition layer
(12) 10 by means of sputtering and/or another coating process. 6. The
process as claimed in one of claims 1 to 5,  wherein sputtering gases are
introduced into the vacuum  chamber (18) for the sputtering. 15 7. The
process as claimed in claim 6, wherein the  sputtering gases used are oxygen
and nitrogen. 8. The process as claimed in one of claims 1 to 7,  20 wherein
the material of the target (24) is silicon. 9. An apparatus for carrying out
the process for  applying an in particular optical coating as claimed in
one of claims 1 to 8, which includes an evacuable 25 vacuum chamber (18)
with a precursor inlet (28), via  which a predetermined concentration of
precursors is  set by means of a control apparatus. 10. The apparatus as
claimed in claim 9, wherein the  30 distance between the front surface (20)
and the target surface (22) is between 50 mm and 150 mm, preferably  105 mm.


