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[57] ABSTRACT 

Method for the production of an electric thin-film cir­
cuit having a conductor path and at least one capacitor 
and/or one resistor, and comprising a substrate base 
member and the forming of a first tantalum-aluminum­
alloy layer thereupon and etching the tantalum­
aluminum-alloy layer to form the outline of the con­
ductor path. A second tantalum-aluminum alloy layer 
is then laid on the first tantalum-aluminum-alloy layer 
and has a tantalum content of approximately 2 through 
20 atomic percent at least in the area of the capacitor. 
An oxidation layer is formed upon the second tan­
talum-aluminum-alloy layer to constitute the capacitor 
dielectric. The conductor paths and the opposite ca­
pacitor electrode arc formed of a conductive layer such 
as a nickel-chromium-gold layer which is applied as a 
surface layer and serves as a capacitor electrode and as 
conductor paths. 

16 Claims, 12 Drawing Figures 
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METHOD FOR THE PRODUCTION OF A THIN 
FILM ELECTRIC CIRCUIT 

layer, for instance by a way of cathode sputtering. 
Then, prior-art masking and etching techniques are 
used to interrupt both layers in places where capacitors 

This is a division, of application Ser. No. 480,826, s 
filed June 19, 1974 now U.S. Pat. No. 3949,275. 

are to be formed. _After the removal of the first etching 
mask, a tantalum-aluminum-oxide layer is produced by 
way of an anodic oxidation. The portions of this tan-

BACKGROUND OF THE INVENTION 

I. Field of the Invention 
The invention is directed to an electric thin-film cir­

cuit and a method for its production, including the 
steps of applying various thin films, forming the circuit, 
and selectively etching the components from these thin 
films. 

2. Prior Art 
The U.S. Pat. application Ser. No. 408,100 of Oct. 

19, 1973 explains in detail that tantalum-aluminum 
alloys are well suited for electric thin-film circuits dis­
posed upon a substrate made of an insulator material, 
and that particularly favorable electric values are ob­
tained in view of temperature coefficients and the time 
constancy, when the tantalum content is relatively low, 
compared with the aluminum content, for instance in 
the range between 2 and 20 atomic percent. 

It was stressed in this application that the aluminum 
forms a so-called face-centered cubic lattice (fee lat­
tice), in the case of a tantalum content of approxi­
mately 7 atomic percent or less, instead of forming a 
tetragonal lattice as this is the case with a higher tanta­
lum content. The fee lattice entails a great time stability 
of the finished electric components which were pro­
duced in accordance with this tantalum-aluminum thin­
film technique. 

The present invention proceeds from this suggestion 
and provides a method permitting the construction of a 
thin-film circuit in the tantalum-aluminum technique, 
comprising a capacitor and at least one conductor path 
and or at least one resistor, whereby the tantalum­
aluminum oxide layer forming the capacitor dielectric 

talum-aluminum-oxide layer, which are to be used for 
the capacitor formation, and then covered by a further 
mask. The remaining portions are first freed from the 

10 tantalum-aluminum oxide and then from the layer hav­
ing the lower tantalum content. After the residual mask 
portions have been removed, a good conductor is ap­
plied as a surface layer, for instance a nickel-chromi­
um-gold layer. This layer serves as capacitor electrode 

15 and possibly as conductor paths. If resistors are pre­
sent, they are produced from the tantalum-aluminum 
layer with the higher tantalum content. 

It is recommended to carry out the anodic oxidation 
of the tantalum-aluminum layer while using a weak 

20 acid such as a diluted citric-acid solution. The process 
is preferably continued by using a current density in the 
order between 0.1 and 1.0 mA/cm2 until a forming 
potential in the order of several hundred volts is ob­
tained, in particular in the area around 500 volts. An 

25 electrolyte containing hydroflouric acid, for instance a 
diluted solution ofhydroflouric acid and nitric acid, are 
suited for etching the tantalum-aluminum-oxide layer. 
A diluted cerium-sulfate solution or a diluted hydro­
chloric-acid solution or a diluted caustic-soda solution 

30 are suited for etching the tantalum-aluminum layer 
with the lower tantalum content. A diluted solution 
containing hydrofluoric acid and nitric acid is recom­
mended for etching the tantalum-aluminum layer with 
the higher tantalum content. The above etching agents 

35 will operate at room temperature. 

BRIEF DESCRIPTION OF THE DRAWING 

is produced as independently as possible from the con- 40 
ductor path or the resistor path, in order to minimize 
production tolerances. 

In the drawings, which are not drawn to size, like 
reference characters indicate like or corresponding 
parts: 

FIG. 1 is a diagram of a circuit produced in accor­
dance with this invention, 

SUMMARY OF THE INVENTION 
It has been found desirable to provide an electric 

thin-film circuit of the initially mentioned kind 
whereby the basic electrode, at least in the area of a 
capacitor, consists of two layers of tantalum-aluminum 
alloys with differing tantalum contents, whereby the 
layer with the higher tantalum content is placed di­
rectly onto the substrate, and the other one thereupon. 
The layer with the lower tantalum content oxidizes to 
form the capacitor dielectric, and this oxidation layer is 
provided with the opposite capacitor electrode, con­
sisting preferably of a nickel-chromium-gold layer. This 
material may also be used for the conductor paths, 
whereby it is placed upon the layer with the higher 
tantalum content. It is also advantageous when the 
resistors are formed of the layer with the higher tanta­
lum content. 

In accordance with a preferred method for the pro­
duction of such thin-film circuits, the substrate is first 
provided with the tantalum-aluminum-alloy having the 
higher tantalum content, for instance between 30 and 
70 atomic percent, in particular approximately 50 
atomic percent. The second tantalum-aluminum layer 
having the lower tantalum content, for instance be­
tween 2 and 20 atomic percent is applied onto the first 

FIG. 2 is a partial cross-sectional view of the circuit 
after the application of the two tantalum-aluminum 

45 layers, 
FIG. 3 is a partial cross-sectional view of the arrange­

ment in FIG. 2, after the application and exposure of 
the photo mask, 

FIG. 4 is a partial cross-sectional view of the arrange­
SO ment of FIG. 3, after the etching process, and the re­

moval of the photo mask, 
FIG. 5 is a perspective view of the arrangement of 

FIG. 4, 
FIG. 6 is a partial cross-sectional view of the arrange-

55 ment of FIG. 4, after the oxidation process. 
FIG. 7 is a partial cross-sectional view of the arrange­

ment after the application of a second photo mask 
defining the capacitor shape, 

FIG. 8 is a partial cross-sectional view of the parts of 
60 the arrangement of FIG. 7 which remain after the etch­

ing process, of the tantalum-aluminum-oxide layer, 
FIG. 9 is a partial cross-sectional view of the arrange­

ment after the etching process o( the second tantalum­
aluminum layer· has been carried out and the photo 

65 mask has been removed. 
FIG. 10 is a partial cross-sectional view of the ar~ 

rangeml';nt after the application of the conductive 
layer, 
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FIG. 11 is a partial cross-sectional view of the ar­

rangement after a further etching process has been 
carried out to form the conductors or resistors, and 

FIG. 12 is a perspective view of the finished circuit 
shown in FIG. I. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

The figures of this application explain a preferred 
embodiment of a circuit in accordance with the inven­
tion. Thereby, the longitudinal branch of a four termi­
nal arrangement comprises a capacitor C. A resistor R2 
may be arranged in series therewith, while a further 
resistor RI is placed in the cross branch. The following 
figures explain a preferred method of production of the 
circuit in accordance with FIG. 1. 

FIG. 2 shows a substrate 1 made of an insulating 
material such as glass, quartz, sapphire or polished 
fine-grain ceramic which is first provided with a tan­
talum-aluminum-alloy layer 2 having a tantalum con­
tent between 30 and 70 atomic percent, preferably 
approximately 50 atomic percent. This layer is applied 
in a prior art manner, for instance by cathode sputter­
ing. A further tantalum-aluminum-alloy layer 3 is ap­
plied onto the previous one 2, but this layer 3 has a 
relatively lower tantalum content in the order between 
2 and 20 atomic percent. 

The above substrate is now covered by a photo mask 
4 which is exposed and developed to leave an opening 
for the later capacitor formation, for instance at the 
point 5. Thus, the tantalum-aluminum layer 3 is ex­
posed at this point 5, as shown in FIG. 3. During an 
etching process, both tantalum-aluminum layers 2 and 
3 are removed in the area of the opening 5, forming the 
opening 6 exposing the substrate 1, as shown in FIGS. 
4 and 5. In these figures, the photo mask 4 had been 
previously removed. 

FIG. 6 shows a layer 7 of tantalum-aluminum oxide 
formed by an anodic oxidation of the surface of layer 3 
and of the frontal surfaces of both tantalum-aluminum 
layers 2 and 3. 

In the above arrangement, the tantalum-aluminum 
layer 2 has an approximate thickness of a few tenths of 

aluminum-oxide area 7' shown in FIG. 8 will remain to 
form the dielectric. The etching mask 8 is also used in 
the next etching process, whereby the three areas of the 
tantalum-aluminum layer 3 with the relatively lower 

5 tantalum content are removed. Hereby, the layer 2 is 
not attacked because the layer 3 can be etched 5 
through 20 times faster than the layer 2, due to the 
differing tantalum content. It is thus possible to obtain 
the shape shown in FIG. 9 with high precision. After 

Io the removal of the photo mask 8, the areas 2 and 2' of 
the tantalum-aluminum alloy with the higher aluminum 
content will remain. 

It is shown in FIG. 9, the tantalum-aluminum layer 2' 
in the area of the capacitor will now be covered by the 

15 residual portion 3' of the tantalum-aluminum alloy with 
the lower tantalum content, and the frontal ends of 
both tantalum-oxide layers 2' and 3' as well as the 
upper portions of the layer 3' are still covered by the 
tantalum-aluminum-oxide film 7' which has a thickness 

20 in the order of a some tenths of a micrometer and 
serves as a capacitor dieletric. 

The remaining production of the capacitor is in ac­
cordance with the prior art. The parts of the cleaned 
substrate which support one or several of layers 2, 2', 

25 3' and 7' are now covered with a nickel-chromium-gold 
. layer, for instance by successively evaporating a nickel­
chromium layer 9 and a gold layer 10. The thickness of 
this combined nickel-chromium-gold layer 9, 10 is 
usually in the order of a few tenths of a micrometer. 

30 Such an embodiment is shown in FIG. 10. A further 
photo mask is used to cover the portion 11.of the nick­
el-chromium-gold layer 9, 10, which is required toform 
the conductor paths and the opposite electrode of the 
capacitor. The remaining portions of the nickel-

35 chromium-gold layer 9, 10 are etched away _in a prior­
art manner, for instance with the help of .a solution 
containing potassium-iodide and iodine solution for the 
gold and a diluted cerium-sulfate solution for the nicks 
el-chromium portion. Then, prior art masking and 

40 etching techniques are used to produce the resistor Rl. 
This resistor Rl is formed by layer 2 and it . may be 
shaped as shown in FIG. 12. 

If an additional resistor R2 is to be introduced ( as 
indicated by interrupted lines in FIG. 1) in series With 
the capacitor, as shown in FIG. 11, this may be done by 
etching away more of the nickel-chromiurn~g'old layer 
upon the tantalum-aluminum layer 2'. In this case, the 
portions 9, 10 and 9', 10' will remain which bridge the 
highly resistive tantalum-aluminum alloy whereby the 

50 iayer 2' may be made to have a different shape to ob­
tain different resistance values, for instance in the 

a micrometer, the tantalum-aluminum layer 3 has a 
thickness of approximately I micrometer, and the sub­
strate 1 is approximately 0.6 mm thick. The tantalum- 45 
aluminum-oxide layer 7, which is shown in FIG. 6, is 
produced by an anodic oxidation carried out with a 
constant current source. It is made so thick that a po­
tential difference in the order of several I 00 volts, 
preferably up to 500 volts, is produced between the 
free side of the layer 7 and the tantalum-aluminum 
layers 2 and 3 upon substrate 1, if 0.1 through I 
mA/cm 2 are applied. It is not advisable to exceed the 
above voltage since breakthroughs through the tan­
talum-aluminum-oxide layer cannot always be avoided 

shape of a meander. . . 
FIG. 12 shows the circuit designed in FIG. l jn a 

perspective view, whereby the portions 10, 10' corre-
55 spond to the like numbered _portions of FIG. A 1. In 

addition to the features of FIG. 11, the continuous 
conductor path 12 and the resistor path Rl are shown, 
whereby the resistor path RI merges directly into. the 
layers 2 cif section 9, 10 and 12. The resistor layer of RI 

at the present time. However, this value does result in 
a relatively high voltage strength, as compared with the 
capacitor dielectrics formed of prior-art tantalum­
aluminum-oxide layers. 

Next, the substrate 1 and the layers 2, 3, as well as the 
tantalum-aluminum-oxide layer 7 are cleaned and pro­
vided with a further photo mask 8, as shown in FIG. 7. 
This photo mask 8 fixes the area where the tantalum­
aluminum oxide is to be retained to form the capacitor 
dielectric. The application of this photo mask 8 is well 
known in the art. In the following etching process, the 
tantalum-aluminum-oxide which is not covered by the 
mask 8 is removed, so that only the tantalum-

60 and R2 consists of the tantalum-aluminlnh alloy with 
the relatively high tantalum content. The nickel­
chromium gold layers supplement the tantalum­
aluminum layer with the higher tantalum content to 
form conductor sections 9, 10 and 12 which have a 

65 high conductivity. 
In accordance with another embodiment of this in­

vention, it is possible to produce the conductor struc­
ture and the resistor structure directly from the sub-
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strate I with the two tantalum-aluminum-alloy layers 2 
and 3, as shown in FIG. 5, whereby corresponding 
masks and etching process are applied. In this case, the 
capacitor is only formed in the area around location 6, 
while using further masks, and the anodic oxidation 5 
process which was explained with the help of FIG. 6 
through 11. 

4. Method in accordance with claim I, whereby resis­
tors are produced by etching away the second tan­
talum-aluminum layer and leaving the first tantalum 
aluminum layer. 

5. Method in accordance with claim 4, whereby par­
ticular resistance values are obtained by corresponding 
shapes of resistors. 

It will be apparent from the above description of the 
preferred embodiments that this invention provides a 
simple, practical and effective thin-film circuit and a 
method for its production. Although there may be vari­
ations and modifications made by those skilled in the 
art, it is desired to include them within the scope of the 
invention as defined in the appended claims. 

What is claimed is: 
1. Method for the production of a thin-film circuit, 

comprising the steps of: 
applying a first tantalum-aluminum alloy layer with a 

tantalum content between 30 and 70 atomic per­
cent onto a substrate, 

applying a second tantalum-aluminum alloy layer 
with a tantalum content between 2 and 20 atomic 
percent to said first alloy layer, and thereby provid-
ing a double tantalum-aluminum layer of different­
tantalum contents, 

etching the second alloy layer in a predetermined 
area by a masking and etching technique which 
etches said second alloy layer without etching said 
first alloy layer, 

producing an interruption in the first alloy layer in a 
predetermined area by masking and etching tech­
niques, 

anodically oxidizing the second tantalum-aluminum 
alloy layer to form a capacitor dielectric, 

applying a conductive material to the remaining parts 
of the first alloy layer to define a conductive path, 
and 

applying a conductive material to the tantalum­
aluminum oxide layer to define a capacitor elec­
trode. • 

6. Method in accordance with claim 1, whereby the 
anodic oxidation is carried out by applying a weakly 

IO diluted acid such as a citric-acid solution. 
7. Method in accordance with claim I, whereby the 

anodic oxidation is carried out by using a current den­
sity in the order between 0.1 and 1.0 mA/cm2

• 

8. Method in accordance with claim 1, whereby the 
15 anodic oxidation is continued until a forming voltage in 

the order of several hundred volts is obtained. 
9. Method in accordance with claim 8, whereby the 

forming voltage is in the order of 500 volts. • 
10. Method in accordance with claim 1, whereby the 

20 oxide layer on the second tantalum-aluminum layer is 
etched with an electrolyte containing hydrofluoric 
acid. 

• 11. Method in accordance with claim 10, whereby 

25 
the second tantalum-aluminum layer is etched with a 
diluted solution containing hydrofluoric acid and nitric 
acid. 

12. Method in accordance with claim 1, whereby the 
first tantalum-aluminum layer is etched with a diluted 

30 cerium-sulfate solution. 
13. Method in accordance with claim 1, whereby a 

the first tantalum aluminum layer is etched with a di­
luted hydrochloric-acid solution. 

14. Method in accordance with claim 1, whereby the 
35 first tantalum-aluminum layer is etched with a diluted 

caustic-soda solution. 
15. Method in accordance with claim 1, whereby the 

first tantalum aluminum layer is etched with a diluted 
solution containing hydrofluoric acid and nitric acid. 

2. Method in accordance with claim 1, whereby the 40 
tantalum-aluminum layers are applied by cathode sput­
tering. 

16. Method in accordance with claim 1, whereby the 
conductive material is etched with a solution contain­
ing potassium-iodide and iodine to form resistors and to 
define the capacitor. 3. Method in accordance with claim 1, whereby the 

conductive material is a nickel-chromium-gold layer. 
45 
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