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COATING APPARATUS AND METHOD FOR 
PRODUCING A HEAT-INSULATING LAYER ON A 

SUBSTRATE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a division of US. application 
Ser. No. 09/274,507 Which Was a continuation of Interna 
tional Application PCT/DE97/02152, ?led Sep. 23, 1997, 
Which designated the United States. 

BACKGROUND OF THE INVENTION 

[0002] Field of the Invention 

[0003] The invention relates to a coating apparatus for 
producing a heat-insulating layer, in particular a heat-insu 
lating-layer system, on a base and to a method of coating a 
base under vacuum With a heat-insulating layer. 

[0004] US. Pat. No. 5,238,752 discloses a heat-insulating 
layer system having an intermediate bond coating. The 
heat-insulating-layer system is applied to a metallic sub 
strate, in particular a Cr—Co steel for an aircraft poWerplant 
blade. Cobalt- or nickel-based alloys are speci?ed as further 
materials for the substrate. Applied directly to this metallic 
substrate is a n intermediate layer, in particular consisting of 
a nickel aluminide or a platinum aluminide. Adjoining this 
intermediate coating is a thin ceramic layer of aluminum 
oxide, to Which the actual heat-insulating layer, in particular 
consisting of Zirconium oxide stabiliZed With yttrium oxide, 
is applied. This ceramic heat-insulating layer of Zirconium 
oxide has a rod-shaped structure, the rod-shaped stems being 
oriented essentially perpendicularly to the surface of the 
substrate. This is intended to ensure an improvement in the 
cyclic thermal loading capacity. The heat-insulating layer is 
deposited on the substrate by means of an electron-beam 
PVD (physical vapor deposition) method, in the course of 
Which Zirconium oxide and yttrium oxide are evaporated 
from a metal-oxide body by means of an electron-beam gun. 
The method is carried out in an apparatus in Which the 
substrate is preheated to a temperature of about 950° C. to 
1000° C. The substrate is rotated in the stream of metal oxide 
during the coating operation. Details of the rod-shaped grain 
structure and its properties cannot be gathered from US. Pat. 
No. 5,238,752. The electron-beam PVD method of produc 
ing ceramic coatings having a rod-shaped grain structure is 
also described. In US. Pat. No. 5,087,477 and US. Pat. No. 
5,262,245, the deposition of Zirconium oxide on a substrate 
being effected in an oxygen atmosphere. 

[0005] Further methods and examples of applying a heat 
insulating-layer system to a gas-turbine blade are described 
in US. Pat. No. 5,514,482 and US. Pat. No. 4,405,659. 

[0006] According to US. Pat. No. 4,405,659, it is sup 
posed to be possible With the electron-beam PVD method to 
apply a heat-insulating layer of Zirconium oxide Which is 
stabiliZed With yttrium oxide and has a thickness of about 
125 pm and a columnar structure. The average cross 
sectional area of a stem is said to be in the order of 
magnitude of 6.5 pmz. 

[0007] US. Pat. No. 4,321,310 and US. Pat. No. 4,321, 
311 each describe heat-insulating-layer systems Which have 
an adherent layer betWeen the Zirconium oxide and the 
metallic substrate With an alloy of the MCrAlY type. Here, 
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“M” stands for one of the metals cobalt, nickel or iron, “Cr” 
stands for chromium, “Al” stands for aluminum and “Y” 
stands for yttrium. A PVD (physical vapor deposition) 
method is disclosed as a possible method for producing a 
heat-insulating layer of Zirconium oxide. 

[0008] The coating of metallic components, in particular 
gas-turbine blades consisting of a superalloy, from a com 
posite system having an adhesive layer and a heat-insulating 
layer is likeWise described in International patent Applica 
tion WO 93/18199 A1. Here, the heat-insulating layer is 
preferably applied by the electron-beam PVD method, 
although other PVD methods, such as sputtering and arc 
deposition, could also be suitable for this purpose. 

[0009] In the article “Zirconia thin ?lm deposition on 
silicon by reactive gas ?oW sputtering: the in?uence of loW 
energy particle bombardment” by T. Jung and A. Westphal, 
in Material Science and Engineering, A 140, 191, pages 528 
to 533, the so-called reactive gas-?oW sputtering method is 
disclosed for producing Zirconium-oxide layers on semicon 
ductor substrates, in particular on a silicon basis. Here, the 
method relates to the cold deposition of Zirconium oxide, 
Which leads to an amorphous groWth of the Zirconium oxide. 
This amorphous deposition is effected at substrate tempera 
tures of markedly less than 800° C., heating of the substrate 
being effected directly, With losses by the substrate carrier. 
For this purpose, the substrate carrier itself can be heated up 
to at most a temperature of about 800° C., so that, With due 
alloWance for the heat losses Which occur, heating of the 
substrate to over 4000 C. can be achieved. 

[0010] In German Democratic Republic Patent No. DD 
294 511 A5, corresponding to this article, an inert gas, in 
particular argon, is passed through a holloW cathode, in the 
interior of Which an anode is arranged, so that ioniZation of 
argon atoms takes place. The latter strike the cathode, as a 
result of Which cathode material passes into the interior of 
the holloW cathode and is passed out of the latter With the 
inert-gas ?oW. The cathode material is a pure metal, to Which 
oxygen is fed outside the holloW cathode, so that complete 
oxidation of the metal, in particular Zirconium, takes place. 
Here, the partial pressure of the fed oxygen is in the order 
of magnitude of 10'4 Pa. The total dynamic pressure in the 
vicinity of the semiconductor to be coated is about 13 Pa to 
24 Pa. The deposition rate is about 15 nm/min, the substrate 
having a temperature of about 400° C. The holloW cathode 
is designed as a cylindrical tube of Zirconium having a 
percentage purity of 99.7%. 

[0011] An alternative design of the holloW cathode for 
achieving a larger coating area and a higher coating rate is 
described in the article “High rated deposition of alumina 
?lms by reactive gas ?oW sputtering” by T. Jung and A. 
Westphal, in Surface and Coatings Technology, 59,1993, 
pages 171 to 176 (corresponding to German patent Appli 
cation DE 42 35 953 A1). The holloW cathode disclosed is 
of linear construction in the sense that plates of Zirconium 
are arranged next to one another in a housing. An inert-gas 
How can be passed betWeen each tWo adjacent plates, so that 
a plasma of inert-gas atoms forms betWeen adjacent plates. 
In addition, the plates may have a cooling feature, in 
particular cooling passages. Test bodies of silicon, stainless 
steel and glass Were coated by the holloW cathode and the 
strength of the aluminum-oxide layer Was tested up to 
around 200° C. Nothing is said in the tWo articles mentioned, 
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concerning the structural properties of the oxide layers With 
regard to crystallite siZe and orientation. 

SUMMARY OF THE INVENTION 

[0012] It is accordingly an object of the invention to 
provide a coating apparatus for producing a heat-insulating 
layer, in particular a heat-insulating-layer system, on a base 
and to a method of coating a base under vacuum With a 
heat-insulating layer, that overcome the above-mentioned 
disadvantages of the prior art components, apparatus, and 
methods. 

[0013] With the foregoing and other objects in vieW there 
is provided a heat resistant component comprising a sub 
strate and a ceramic heat-insulating layer Which is arranged 
thereon and has a structure having ceramic stems Which are 
oriented mainly normal to the surface of the substrate and 
have an average stem diameter not exceeding 2.5 pm and 
preferably 0.5 to 2.0 pm. 

[0014] There is also provided a coating apparatus for 
producing a heat-insulating layer on a substrate, comprising 
a) a holding device for positioning the substrate, b) a 
holloW-cathode arrangement through Which an inert gas can 
How and Which comprises a cathode material and an anode 
and has a gas-outlet opening facing the holding device, and 
a gas-inlet opening for inert gas, and c) a separate heating 
device for directly heating the substrate With heat radiation 
and/or convection. 

[0015] There is moreover provided a method of coating a 
substrate under vacuum With a heat-insulating layer, in 
Which method an inert gas is ioniZed in an essentially 
oxygen-free atmosphere, and the ioniZed inert gas releases 
from a metallic cathode material metal atoms, Which are 
carried along With the inert gas in the direction of the 
substrate and to Which oxygen is fed before the substrate is 
reached, so that a metal oxide forms and is deposited on the 
substrate, or metal is deposited on the substrate and is 
oxidiZed by oxygen coming into contact With it, the substrate 
being heated to a predetermined germinating temperature of 
over 800° C. 

[0016] Thermal protection of the substrate, particularly a 
metallic substrate, is ensured by a ceramic heat-insulating 
layer. HoWever, knoWn ceramic structures are susceptible to 
cyclic thermal stresses and can tend to break apart and/or 
lose their adhesive properties. The resistance to alternating 
thermal stresses is markedly increased by a microstructure 
having ceramic stems of smaller diameter than the diameter 
achievable hitherto. A microstructure having ceramic stems 
of an average stem diameter of less than 2.5 pm, in particular 
betWeen 0.5 pm and 2.0 pm, has a high expansion tolerance 
and a high cyclic loading capacity on account of its orien 
tation essentially perpendicularly to the surface of the sub 
strate and of the columnar ?ne structure. This readily 
compensates for differences in the coefficients of thermal 
expansion of the substrate, particularly a metallic substrate, 
and the ceramic heat-insulating layer. Such small stem 
diameters can be achieved by a reactive gas-?oW sputtering 
method developed for high temperatures. 

[0017] For good bonding of the ceramic heat-insulating 
layer to the metallic substrate, in particular consisting of a 
nickel-based alloy or other alloys suitable for producing 
components Which can be subjected to high thermal stress, 

Sep. 6, 2001 

a metallic adhesive layer is applied to the substrate. With 
regard to the layer thickness of a feW micrometers, reference 
may be made to US. Pat. No. 5,238,752, US. Pat. No. 
4,321,310 and US. Pat. No. 4,321,311. In accordance With 
an additional feature of the invention, the metallic adhesive 
layer preferably consists of an alloy of the McrAlY type, 
Where M stands for one or more of the elements iron, cobalt 
or nickel, Cr stands for chromium, Al stands for aluminum 
and Y stands for yttrium or one of the elements of the rare 
earths. An intermetallic compound, eg consisting of nickel 
aluminide or platinum aluminide, is likeWise suitable as the 
adhesive layer. 

[0018] In accordance With another feature of this inven 
tion, it is also advantageous, in particular With regard to 
prolongation of the service life and adhesion of the heat 
insulating layer to the substrate, to produce a chemical bond 
betWeen the heat-insulating layer and the metallic adhesive 
layer. This is achieved, for example, by a thin layer of an 
inorganic aluminum compound such as aluminum oxide 
(A1203). A layer of a ternary Al—Zr—O compound or an 
Al—O—N compound is likeWise suitable as mediator layer. 
The ternary Al—Zr—O compound, eg Al2Zr2O7, is pref 
erably suitable for the bonding of a heat-insulating layer 
Which contains Zirconium oxide. In the case of other ceramic 
heat-insulating layers, for example consisting of magnesium 
oxide, other spinels may accordingly be used. A layer of 
aluminum nitride or a compound (mixed layer) of aluminum 
nitride and aluminum oxide is also suitable. 

[0019] In a further feature according to this invention, the 
heat-insulating layer preferably includes a metal-ceramic 
substance, in particular Zirconium oxide (ZrOZ). This metal 
oxide is preferably produced With a stabiliZer, such as 
yttrium oxide (Y2O3), in order to avoid a phase transforma 
tion at high temperatures. Acontent of 3% by Weight to 12% 
by Weight, in particular 7% by Weight, of yttrium oxide is 
preferably added to the Zirconium oxide. 

[0020] A ceramic heat-insulating layer having a ?ne 
columnar structure With an average stem diameter of less 
than 2.5 pm is especially suitable for thermal protection of 
components of a gas turbine Which are subjected to cyclic 
thermal stress of more than 1000° C. These include in 
particular gas-turbine blades as Well as components of a heat 
shield of a combustion chamber of a gas turbine. This 
applies both to stationary gas turbines for use in poWer 
stations and to aircraft poWerplant turbines. Of course, the 
heat-insulating layer according to the invention is also 
suitable for other components subjected to high thermal 
stress. 

[0021] The coating apparatus for producing a heat-insu 
lating layer on a substrate according to this invention has a 
holding device for positioning the parent body, a holloW 
cathode through Which an inert gas can How and Which 
comprises a cathode material and an anode and has a 
gas-outlet opening, facing the holding device, and a gas-inlet 
opening for inert gas, and an additional, separate heating 
device for heating the substrate. 

[0022] In the holloW-cathode arrangement, Which is of 
holloW-cylindrical design With a circular or a rectangular 
cross-section, a gloW discharge is produced by applying a 
direct-current voltage betWeen cathode and anode. 

[0023] The anode may be designed, for example, in a rod 
shape and may be arranged Within the cathode or outside the 
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cathode, in particular so as to enclose the cathode as a 
housing. Due to a plasma Which develops in the cathode, 
such a large voltage drop is present in each case betWeen the 
plasma and the cathode that constant ionization is main 
tained. Inert gas entering the gas-inlet opening is thereby 
ioniZed inside the holloW cathode. The ioniZed inert-gas 
atoms strike the cathodically connected metal surfaces of the 
holloW cathodes—this being an ion bombardment so to 
speak—and lead to an at least partial atomiZation of the 
metal surfaces. The cathode material preferably consists of 
an alloy of Zirconium, as a result of Which Zirconium atoms 
or Zirconium-atom clusters are driven out of the cathode 
material by the ion bombardment. In accordance With the 
feature of desired stabiliZation of the subsequent oxidiZed 
Zirconium deposited on the substrate according to this 
invention, a stabiliZing metal, such as yttrium, is admixed or 
alloyed With the cathode material. Accordingly, the cathode 
material has a predetermined area ratio or volumetric ratio of 
metallic Zirconium and yttrium. 

[0024] For the oxidation of the Zirconium and, if need be, 
the admixed yttrium in accordance With this invention, an 
oxidiZing-medium feed is provided in the apparatus outside 
the holloW cathode, through Which oxidiZing-medium feed 
oxygen in particular can be fed in appropriate quantities. The 
atomiZed Zirconium particles and yttrium particles, Which 
are present as metal atoms and/or metal clusters, are trans 
ported out of the holloW-cathode arrangement With the gas 
flow of the inert gas, in particular argon. These particles are 
completely oxidized outside the hollow cathode in a con 
trolled oxygen reaction atmosphere. This is done by feeding 
oxygen through the oxidiZing-medium feed in such a Way 
that, in combination With the inert-gas ?oW, ingress of 
oxygen into the holloW cathode is prevented, so that oxida 
tion of the cathode material is largely avoided. The oxidiZed 
metal particles are deposited on the substrate as a metal 
oxide-ceramic heat-insulating layer. The oxidation may also 
take place immediately after the deposition on the surface of 
the substrate. To achieve the desired columnar structure, the 
pressure inside the coating apparatus as Well as the tem 
perature, in particular the temperature of the substrate, are 
controlled appropriately. The substrate is heated via a heat 
ing device to a temperature of over 900° C., in particular to 
950° C. and up to about 1050° C. 

[0025] With the coating apparatus according to this inven 
tion for carrying out a high-temperature gas-?oW sputtering 
method, decoupling of the Working atmosphere for the 
ioniZation of the inert gas (plasma source) from the com 
ponent to be coated is achieved. Compared With conven 
tional PVD methods, in particular the electron-beam PVD 
method, there are different value ranges for the characteristic 
variables, such as pressure of the residual gas (reduced 
pressure, requisite pumping level of the vacuum system), 
Working pressure and ratio of the reactive gas (oxygen) to 
the remaining Working gases. The atmosphere at the com 
ponent to be coated can be at a residual-gas pressure of 10'3 
mbar for carrying out the method, in Which case the upper 
limit of the residual pressure can be in the order of magni 
tude of 10-2 mbar. The Working pressure at the component 
(main chamber of the coating apparatus) can be in the order 
of magnitude of betWeen 0.2 and 0.9 mbar. The ratio of the 
reactive gas (oxygen) to the ioniZed inert gas (plasma gas), 
e.g. argon, can be in the range of 0.01 to 0.04. 
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[0026] The atmosphere of the plasma source is essentially 
isolated from the atmosphere of the component and has a 
residual-gas pressure in the order of magnitude of the 
residual-gas pressure at the component. The Working pres 
sure of the gas flow can be about 0.02 mbar higher than the 
Working pressure at the component. The Working pressure at 
the component, i.e. in the main chamber of the coating 
system, is therefore determined by the gas outflow of the 
source. In the holloW cathode, therefore, there is a positive 
pressure relative to the main chamber. The ratio of residual 
gas constituents, in particular oxygen, to the ioniZed inert 
gas (plasma gas) is preferably less than 1%. In this Way, the 
ioniZation source (the holloW-cathode arrangement) can be 
run by direct-current operation, since no oxidation of the 
coating source (holloW cathode) is effected With an unsteady 
operating state. The occurrence of a gloW discharge as Well 
as the production of arc plasma on account of oxidation of 
the cathode material are thereby avoided. 

[0027] Compared With knoWn apparatus for carrying out 
PVD methods, in particular the electron-beam PVD method, 
a markedly higher residual-gas pressure is thus possible, 
Which leads to a simpli?ed and more cost-effective vacuum 
system. The residual-gas pressure in the knoWn systems for 
achieving a columnar heat-insulating layer is in the range of 
10-6 to 10-5 mbar. In the conventional methods, the Working 
pressure is Within the range of 10'3 to 10'2 mbar With a 
technically useful upper limit of less than 0.1 mbar and is 
thus markedly beloW the Working pressure possible in the 
reactive gas-?oW sputtering method. In addition, a high ratio 
of reactive gas (oxygen) to other Working gases, such as 
argon, helium, etc., of 10:1 or higher is necessary in the 
knoWn PVD methods. In the apparatus according to the 
invention and the method according to the invention, a 
substantially loWer ratio is required, so that the devices for 
feeding Working gas and reactive gas can also be of mark 
edly simpler and less expensive design. In addition, in the 
knoWn PVD methods, the coating source is not isolated in 
the main chamber and therefore also lies exposed to oxida 
tion. The apparatus according to the invention can therefore 
be designed Without high-frequency generators or real-time 
controlled direct5 current generators. 

[0028] Here, the heating device is preferably designed in 
such a Way that there is uniform heating, in particular 
volumetric heating, of the substrate. Even at points of the 
substrate having high mass concentration and large partial 
volume, a uniform germinating temperature for the substrate 
as a Whole is achieved. 

[0029] The vacuum (Working pressure) inside the coating 
apparatus is preferably less than 1 mbar and in particular is 
Within the range of betWeen 0.3 mbar and 0.9 mbar, such as, 
for example, around 0.5 mbar. To establish the desired 
vacuum, a vacuum pumping device is provided, and this can 
have a simple construction, eg a Roots pump design. 
Compared With the conventional electron-beam PVD 
method, in Which a rotary-vane backing pump as Well as a 
diffusion pump are to be provided in order to achieve a high 
vacuum, the vacuum pumping device of the gas-?oW sput 
tering method can be of substantially simpler design. 

[0030] To achieve as uniform a coating of the component, 
in particular a gas-turbine blade, as possible, the holding 
device is adapted for motion of the substrate relative to the 
gas-outlet opening. The holding device preferably contains 
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a turning mechanism, by means of Which continuous rota 
tion of the component about its longitudinal axis is effected. 

[0031] The object directed toWards a method of coating a 
substrate under vacuum With a heat-insulating layer is 
achieved by an inert gas being ioniZed in an essentially 
oxygen-free atmosphere. This is effected, for example, by 
the inert gas being passed through a holloW cathode and 
ioniZed in the latter. The ioniZed atoms of the inert gas 
release from a metallic cathode material metal atoms and/or 
metal clusters, Which are passed out of the holloW cathode 
With the inert gas and are oxidiZed With oxygen outside the 
holloW cathode to form a metal oxide. It is likeWise possible 
for metal to be deposited on the substrate and oxidiZed there 
by oxygen coming into contact With it. The metal oxide is 
deposited on the substrate, Which is heated by a separate 
heating device to a predetermined germinating and conden 
sation temperature. A heat-insulating layer consisting of a 
metal oxide is thereby produced on the substrate, Which 
heat-insulating layer has a ?ne columnar microstructure, in 
Which case the average stem diameter can be less than about 
2.5 pm and in particular can be Within a range of betWeen 0.5 
pm and 2.0 pm. This heat-insulating layer has especially 
good resistance to thermomechanical alternating stresses, as 
is especially advantageous in particular in the case of parts 
of a gas-turbine plant, such as turbine blades and insulating 
components, exposed to hot gas. 

[0032] In contrast to knoWn electron-beam PVD methods, 
a pure metal or an alloy consisting of a principal metal and 
at least one stabiliZing metal is used as the cathode material 
according to this invention. An alloy of Zirconium With 
yttrium is particularly suitable for this, the yttrium being 
added to the Zirconium in such a quantity and distribution 
that a heat-insulating layer of Zirconium oxide partly stabi 
liZed With yttrium oxide is obtained. 

[0033] Other metals Which lead to a thermally highly 
resistant metal oxide, such as magnesium for example, are of 
course also suitable as cathode material. 

[0034] The use of a metallic cathode according to this 
invention instead of a body of metal oxide, as is used, for 
example, in the knoWn electron-beam PVD methods, has the 
advantage that the heat-insulating layer produced has a 
substantially ?ner structure. Furthermore, the appearance of 
layer defects, Which may occur in the electron-beam PVD 
method due to defects in the ceramic body, such as inho 
mogeneous porosity or the effects of impurities, is avoided 
by a fully reactive oxidation process of the metallic atomi 
Zation materials released from the cathode material. In 
addition, the cathode material can be produced in a simpler 
manner compared With a ceramic body and With extremely 
high purity. 

[0035] The bonding of the heat-insulating layer of metal 
oxide is effected, for example, via the formation of a 
homogeneous, groWing aluminum oxide reaction layer 
(mediator layer) betWeen the heat-insulating layer and an 
adhesive layer consisting of a metal alloy of the MCrAlY 
type. In addition, the reactive gas-?oW sputtering method, 
With the use of a holloW-cathode arrangement through Which 
an inert gas ?oWs, has the advantage that it can be carried out 
in a relatively loW vacuum With suf?cient deposition of 
metal oxides on the substrate. Compared With the knoWn 
electron-beam PVD methods With complicated electron 
beam de?ecting and focusing functions, the method 
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described is distinguished by simple control or regulation of 
the process variables, such as germinating temperature, level 
of vacuum, oxygen partial pressure, volumetric How of the 
inert gas, and output of the holloW-cathode discharge. The 
process variables required to achieve a structure having an 
average stem diameter of less than 2.5 pm are determined 
With the aid of the Thornton diagram for the formation of the 
PVD layer structure, as described by J. A. Thornton, for 
example, in the Journal of Vacuum Science Technology, vol. 
11, 1974, pages 666 to 670. Described therein is the forma 
tion of the layer structure as a function of the substrate 
temperature, the vacuum-chamber gas pressure and the 
coating energy content for activating plasma-exchange pro 
cesses. 

[0036] The anode does not Wear out, since it is not 
subjected to any coating or oxidation When arranged in the 
gas-inlet region. Wearing parts, such as anode and cathode, 
can be kept small, in particular since the anode is arranged 
inside the holloW cathode and is therefore not subjected to 
a direct bombardment of electrons or ions. In addition, the 
anode can be produced With high degree of purity. Further 
more, it is advantageous that the materials to be atomiZed 
themselves function as cathode and do not have to be 
supplied as metal-oxide bodies With predetermined mixture 
ratio. 

[0037] Other features Which are considered as character 
istic for the invention are set forth in the appended claims. 

[0038] Although the invention is illustrated and described 
herein as embodied in a coating apparatus for producing a 
heat-insulating layer, in particular a heat-insulating-layer 
system, on a base and to a method of coating a base under 
vacuum With a heat-insulating layer, it is nevertheless not 
intended to be limited to the details shoWn, since various 
modi?cations and structural changes may be made therein 
Without departing from the spirit of the invention and Within 
the scope and range of equivalents of the claims. 

[0039] The construction and method of operation of the 
invention, hoWever, together With additional objects and 
advantages thereof Will be best understood from the folloW 
ing description of speci?c embodiments When read in con 
nection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] FIG. 1 is a diagram shoWing a component arranged 
in an apparatus for coating it With a heat-insulating layer, 
and 

[0041] FIG. 2 is a diagram shoWing a magni?ed longitu 
dinal section through the component. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0042] In all the ?gures of the draWing, sub-features and 
integral parts that correspond to one another bear the same 
reference symbol in each case. 

[0043] Referring noW to the ?gures of the draWing in 
detail and ?rst, particularly, to FIG. 1, there is shoWn, 
schematically and not to scale, a basic setup of a coating 
apparatus 15 for carrying out a reactive gas-?oW sputtering 
method. The coating apparatus 15 has a housing 23 in Which 
a vacuum of less than 1 mbar, in particular about 0.5 mbar, 
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can be produced by a vacuum pumping device 18. AholloW 
cathode 10 of circular-cylindrical cross-section is arranged 
inside the housing 23. Aplurality of such cylindrical hollow 
cathodes or a linear holloW cathode of rectangular cross 
section, Which are/is oriented along a longitudinal axis, may 
be used for coating large components. Arranged inside the 
holloW cathode 10 is a rod-shaped anode 11, Which is 
connected to the holloW cathode 10 via a direct-current 
voltage supply 20. The direct-current voltage supply 20 
produces, for example, a direct-current voltage of 400 V to 
800 V, Which leads to a discharge current of about 2 A. The 
holloW cathode 10 has a cathode material 12 Which is shaped 
as a holloW cylinder or consists, for example, of individual 
plates Which ?ll the inner Wall of the holloW-cathode 
arrangement 10. The holloW cathode 10 has an outer housing 
having a gas-inlet opening 14 Which is connected to a gas 
supply (not shoWn), via Which an inert gas 19, in particular 
argon, is passed into the holloW cathode 10. The outer 
housing 25 serves to direct the inert-gas ?oW, to prevent the 
ingress of reactive gas into the holloW cathode 10, and to 
screen surfaces Which carry cathode potential and are not to 
be atomiZed, in particular cooling plates (not shoWn) of the 
cathode material 12. Opposite the gas-inlet opening 14, the 
holloW cathode 10 has a gas-outlet opening 13, from Which 
the inert gas 19 ?oWs out of the holloW cathode 10 after 
passing through the region betWeen the cathode material 12 
and anode 11. An oxidiZing-medium feed 16 is arranged 
With an ori?ce region geodetically above the gas-outlet 
opening 13, through Which oxidiZing-medium feed 16 oxy 
gen can be passed into the housing 23. 

[0044] Geodetically above the oxidiZing-medium feed 16, 
a component 1 ie a gas-turbine blade, having a substrate 2 
is held in a holding device 8. The holding device 8 can be 
electrically connected to the holloW cathode 10 via an 
additional-voltage supply 22. A direct-current voltage, 
Which can be applied betWeen the holloW cathode 10 and the 
holding device, or the component 1, cleans the surface of the 
component 1 by ioniZed inert-gas atoms. The holding device 
8 preferably has a drive device M (not shoWn in detail), by 
Which continuous rotation of the component 1 about its 
longitudinal axis 24 takes place. A heating device 9 for 
heating the component via heat radiation and/or convection 
is arranged geodetically above the component 1. The heating 
device 9 can, of course also be arranged at the same geodetic 
level next to the component 1 as required. Likewise, all 
details of the con?guration may be implemented in an 
opposite geodetic arrangement or in a horiZontal arrange 
ment. 

[0045] To apply a heat-insulating layer 3, Which is shoWn 
on an enlarged scale in FIG. 2, the component 1 is prefer 
ably heated to a temperature above 900° C. The inert gas 19 
is passed into the holloW cathode 10 through the gas-inlet 
opening 14. On account of the voltage difference prevailing 
in the holloW cathode 10, the inert gas 19 is ioniZed in the 
form of a gloW discharge, in the course of Which the ioniZed 
gas atoms strike the cathode material 12. The latter is 
preferably a pure metal, such as Zirconium, to Which a 
stabiliZing metal, for example yttrium, is added in a prede 
termined volumetric distribution. Metal atoms and/or metal 
clusters are released from the cathode material 12 by the 
ioniZed inert-gas atoms and are transported in the inert-gas 
How 19 in the direction of the component 1. Complete 
oxidation of the metal atoms, in particular to form Zirconium 
oxide and yttrium oxide, takes place by means of the oxygen 
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fed via the oxidiZing-medium feed 16. If a shading means 21 
arranged geodetically beloW the component 1 is turned to 
the side, these oxides are deposited on the substrate 2 of the 
component 1 in the form of a partly stabiliZed metal-oxide 
ceramic heat-insulating layer 3. Uniform coating of the 
component 1 is effected by rotation of the component 1 
about its longitudinal axis 24. Thermally stable chemical 
bonding of the metal oxide on the substrate 2 takes place via 
a metallic adhesive layer 17, applied to the substrate 2 and 
consisting, for example, of iron, nickel and/or cobalt as Well 
as chromium, aluminum and yttrium, and a mediator layer 7, 
for example aluminum oxide, groWn thereon. 

[0046] The deposition of the metal oxide takes place in the 
form of the heat-insulating layer 3 having a columnar ?ne 
structure 4 (see FIG. 2). The ceramic stems 5 formed are 
mainly oriented normal to the surface 6 of the substrate 2 
and have a diameter of less than 5.0 pm on average, in 
particular betWeen 0.5 pm and 3.0 pm, as has been possible 
to shoW by tests. Especially high resistance of the heat 
insulating layer 3 to thermal alternating stresses With tem 
perature differences of up to 1000° C. and above is achieved 
by this columnar ?ne structure 4 With a small stem diameter. 

[0047] The invention is therefore distinguished by the fact 
that a thermally stable heat-insulating layer is deposited on 
a metallic parent body by a method Which is simple to 
control and regulate. This heat-insulating layer, Which is 
coupled to the metallic substrate in a thermomechanically 
stable manner via one or more intermediate layers, has a 
columnar ?ne structure With an average stem diameter of 
less than 5.0 pm. In particular, high thermal resistance of the 
heat-insulating layer to thermal cycling is thereby achieved 
and is thus especially suitable for use in components sub 
jected to high thermal stress, such as components of a 
gas-turbine plant, in particular gas-turbine blades and com 
bustion-chamber linings, Which are exposed to hot gas. 

We claim: 
1. Coating apparatus for producing a heat-insulating layer 

on a substrate, comprising 

a) a holding device for positioning the substrate, 

b) a holloW-cathode arrangement through Which an inert 
gas can How and Which comprises a cathode material 
and an anode and has a gas-outlet opening facing the 
holding device, and a gas-inlet opening for inert gas, 
and 

c) a separate heating device for directly heating the 
substrate With heat radiation and/or convection. 

2. Coating apparatus according to claim 1, in Which the 
heating device has the capability to heat the substrate to at 
least 900° C. 

3. Coating apparatus according to claim 2, in Which the 
heating device has the capability to heat the substrate to a 
temperature from 950 to 1050° C. 

4. Coating apparatus according to claim 1, in Which the 
cathode material comprises an alloy of Zirconium, and an 
oxidiZing-medium feed is provided outside the holloW cath 
ode for oxidation of the Zirconium. 

5. Coating apparatus according to claim 4, in Which the 
cathode material further comprises a stabiliZing metal. 

6. Coating apparatus according to claim 5, in Which the 
stabiliZing metal is yttrium. 
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7. Coating apparatus according to claim 5, in Which the 
proportion of the stabilizing metal is such a Way that, in the 
heat-insulating layer the proportion of the stabilizing-metal 
oxide is 3.0% to 12.0% by Weight of the proportion of 
zirconium oxide. 

8. Coating apparatus according to claim 7, in Which the 
proportion of the stabilizing metal is such that in the 
heat-insulating layer the proportion of the stabilizing metal 
oxide is 7.0% by Weight of the proportion of zirconium 
oxide. 

9. Coating apparatus according to claim 1, comprising a 
vacuum pumping device for producing a vacuum of less 
than 1 mbar. 

10. Coating apparatus according to claim 9, in Which the 
vacuum pumping device produces a vacuum of from 0.3 
mbar to 0.9 mbar. 

11. Coating apparatus according to claim 1, in Which the 
holding device has the capability for movement of the of the 
substrate relative to the gas-outlet opening. 

12. Coating apparatus according to claim 11, in Which the 
movement of the substrate is continuous rotation. 

13. Method of coating a substrate under vacuum With a 
heat-insulating layer, in Which method an inert gas is ionized 
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in an essentially oxygen-free atmosphere, and the ionized 
inert gas releases from a metallic cathode material metal 

atoms, Which are carried along With the inert gas in the 
direction of the substrate and to Which oxygen is fed before 
the substrate is reached so that a metal oxide forms and is 
deposited on the substrate or metal is deposited on the 
substrate and is oxidized by oxygen coming into contact 
With it, the substrate being heated to a predetermined ger 
minating temperature of over 800° C. 

14. Method according to claim 13, in Which the germi 
nating temperature is betWeen 950° C. and 1050° C. 

15. Method according to claim 13, in Which the process 
variables of germinating temperature, vacuum pressure, 
oxygen partial pressure, and volumetric How of the inert gas, 
are selected such that the heat-insulating layer has ceramic 
stems of a diameter of less than 2.5 pm. 

16. Method according to claim 15, in Which the heat 
insulating layer has ceramic stems of a diameter betWeen 0.5 
pm and 2.0 pm. 


