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CHEMICALLY HIGHLY RESISTANT MATERIAL 

The invention relates to chemically high resistant ma 
terial which is provided in the form of thin ?lms on sub 
strates. _ 

In this respect ‘thin ?lms are understood to mean 
?lms having a thickness of from 100 A to 10 ,um partic 
ularly having a thickness of from 1 to 2 pm. The signi? 
cance of the term “chemically highly resistant” will be— 
come apparent hereinafter. In accordance with the var 
ious technologies described hereinafter a great variety 
of materials such as, for example, glass, metal, syn 
thetic material, quartz and silicon discs are suitable as 
a substrate. 

In a technology of integrated circuits stringent re 
quirements are imposed on the materials of passive ele 
ments (for example, insulators, capacitors and resis 
tors) used for the construction. The extent to which 
these requirements are satis?ed does not only depend 
on the properties which are determined by the function 
of the passive elements but also on the requirements 
which are imposed on the active elements (transistors) 
which, as is known, are also present in integrated cir 
cuits. A special requirement is the satisfactory adhesion 
to the substrate as well as a satisfactory selective etch— 
ing behaviour of all materials present in an integrated 
circuit. 
For example, insulators which consist of, for exam 

ple, SiO2, SiO or A1203, or capacitors which comprise, 
for example, thin films of tantalum oxide or titanium 
dioxide must not only have the required electrical 
properties (low dielectric constant, small loss factor, 
high breakdown strength) but also a high chemical re 
sistance and a satisfactory selective etching behaviour 
in order that a satisfactory structuring of all ?lm mate 
rials present in the relevant construction is possible. 
The materials for passive elements used in the tech 

nology of the integrated circuits only partly satisfy 
these conditions so that chemical etching processes 
cannot be used in many cases for structuring the ?lms. 
Also when manufacturing optical elements thin ?lms 

having a defined refractive index are increasingly being 
used. The ?eld of use ranges from miniaturized optical 
elements in the integrated technique (for example, 
electro<optical converters) to coating of optical ele 
ments (for example, lenses). In some of these ?elds of 
use there is a need of materials having a high chemical 
resistance, for example, a resistance to hydro?uoric 
acid. 
Furthermore the signi?cance of solid lubricants in 

the .form of thin ?lms is increasing. For example, the 
use of sputtered M052 ?lms, i.e. ?lms provided by cath— 
ode sputtering, as a lubricant is known (ASLE Pro 
ceedings 1971, issued by the American Society of Lu‘ 
brication Engineers). However, these films have the 
drawback that they are sensitive to chemically active 
materials. 
Consequently the term “chemically highly resistant” 

is not only understood to mean a high resistance to en 
vironmental in?uences, for example, tapwater and in 
dustrial air but also a selective etching behaviour rela 
tive to the chemicals used in the above-mentioned 
technologies, for example, hydro?uoric acid. 

It is known that pure and compact boron nitride has 
eminent dielectric properties, is resistant to most corro 
sives and to oxidation even at high temperatures and is 
not moistened by many molten materials. Therefore 
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2 
boron nitride is a very suitable material particularly 
when it can be manufactured as a thin ?lm tightly ad 
hering to the surface of the article, which ?lm is uni 
form, evenly compact and resilient. For example, 
boron nitride ?lms may be advantageously used as di 
electrics namely as insulators for leads, as fuses or as 
dielectrics in capacitors (German Auslegeschrift 
l ,52 l ,5 28 ). 
During the investigations which led to the present in 

vention it was, however, found that the resistance of 
thin films of boron nitride to the above-mentioned en 
vironmental influences leaves much to be‘ desired. Fur 
thermore the selective etching behaviour which is re 
quired for the above-mentioned technologies is not sat 
isfactory. 

It is therefore an object of the present invention to 
provide highly resistant material which also has a selec 
tive etching behaviour which is optimum for the vari 
ous above-mentioned technologies. 
The invention is characterized in that the material 

constituting the thin ?lm is boron nitride which com 
prises 0.5 to 95% by weight of at least one element 
from the IVth sub~groupof the Periodic Table of Ele 
ments. The elements from the IVth sub-group of the 
Periodic Table are titanium, zirconium and hafnium. 
As is known, these materials are very similar as regards 
their behaviour so that they may replace each other en 
tirely or partly within the scope of the invention. Con 
sequently if for the sake of simplicity the invention is 
described in detail with reference to titanium only, this 
should not be considered as a limitation of the inven 
tion because corresponding examples can be given with 
zirconium and hafnium. 
For manufacturing the material according to the in 

vention the following methods may be used: 
Vapour deposition processes in which the material to 

be provided as a thin ?lm is heated in a suitable ambi 
ance (for example, in vacuo or in a shielding gas) to 
such an extent that it evaporates and is deposited as a 
?lm on the substrates. 
Plasma spray processes in which the material to be 

provided as a thin ?lm is brought into a plasma are as 
a ?ne-grained powder. In that case the powder particles 
melt and are deposited as a ?lm on adjacently provided 
substrates. 
Cathode sputtering, also referred to as RF ionic sput 

tering in which the material to be provided as a thin 
?lm is brought as a target in a gas discharge in such a 
manner that the material is sputtered by ion bombard 
ment. The removed (sputtered) particles are deposited 
as a thin ?lm on the substrate which is provided adja 
cent in the counter electrode (substrate holder). Due 
to the choice of the ?ller gas in which the ionsare carri 
ers for the occurring independent gas discharge, the 
composition of the ?lm provided by sputtering may be 
in?uenced. 
Although all these and analogous methods may be’ 

used within the scope of the present invention, the in 
vention will hereinafter be described in greater detail 
by way of a method using cathode sputtering. 
The invention therefore also relates to a method of 

providing thin ?lms of a chemically highly resistant ma 
terial on substrates and is characterized in that at least 
one target of boron nitride and of an element from the 
IVth sub-group'of the Periodic Table is subjected in the 
presence of a gas to a cathode sputtering treatment. 
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It is possible to use, for example, one target which 
comprises the desired quantities of the elements from 
the IVth sub-group of the Periodic Table; it is alterna 
tively possible to use, for example, two targets one of 
which consists of boron nitride and the other consists 
of, for example, titanium. A further possibility is to sub 
ject a boron nitride disc coated with discs of at least 
one element from the IVth sub-group of the Periodic 
Table in the presence of a gas to a cathode sputtering 
treatment. 
The properties of the ?lms obtained are dependent 

on the extent of coating of the boron nitride disc with 
the smaller discs of, for example, titanium. This pro 
vides the possibility of varying these properties. A fur 
ther possibility of varying these properties is the choice 
of the gases (nitrogen or argon). 
Dependent on the relative quantities of elements 

from the IVth sub-group of the Periodic Table and on 
the gas used the material according to the invention is 
particularly suitable for separate given uses from the 
group of the various above-mentioned uses. 
The properties and advantages of the materials ac 

cording to the invention will hereinafter be described 
with reference to the accompanying drawing. In this 
drawing the graph of FIG. 1 shows the dependence of 
the etching rates A (in pm per minute) (removal of the 
?lm per unit of time) on the titanium content Ti (in % 
by weight) of the ?lm to be preferably used as an insu 
lating material; line 1 for so called Permalloy etchant 
(see below) and line 2 for so-called titanium etchant 
(see also below). 
FIG. 2 shows in a graph the dependence of the spe 

ci?c resistance p (in Ohm.cm) of the titanium content 
(Ti in % by weight) of the films to be preferably used 
as a resistive material. (Line 1 for ?lms provided in 
using nitrogen and line 2 for ?lms provided in using 
argon as a shielding gas). 
FIGS. 3a and 3b show in graphs the etching behav 

iour of ?lm to be preferably used as a resistive material. 
A which in these ?gures is expressed in units of 
lam/min, means the etching rate in both the ?gures and 
Ti the titanium content in % by weight of the ?lms. 
Line 1 is for so-called Permalloy etchant and line 2 for 
the use of so-called titanium etchant, in each ?gure re 
spectively. 
The diagram of FIG. 4 shows the relationship be 

tween the refractive index n and the titanium content 
(Ti, in % by weight) of ?lms to be preferably used as 
an optical material. 
The graph of FIG. 5 shows the dependence of the 

temperature coef?cient a (l/C°) of the titanium con 
tent Ti (in % by weight) of ?lms to be preferably used 
as a resistive material. Line 1 for ?lms provided in 
argon and line 2 for ?lms provided in nitrogen as a 
shielding gas. 
Thin ?lms of boron nitride and titanium with tita 

nium contents of between 1 and 6% provided in nitro 
gen by sputtering constitute insulating materials having 
a high chemical resistance. Such an insulator has the 
following dielectric properties: 

dielectric loss factor l0” 
relative dielectric constant 4_ 
breakdown strength IO" V/cm 

>l0" (2 cm. speci?c resistance 

The dielectric properties correspond to those of the 
known SiO2 insulators. As regards the above 
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4 
mentioned properties, boron nitride-titanium insulators 
are equivalent to the known insulators. In addition 
boron nitride-titanium insulators are, however, very re 
sistant to hydro?uoric acid. In their etching behaviour 
the boron nitride-titanium insulators have the advan 
tage that they can already be structured in a Permalloy 
etchant while SiO2 alone can be etched in the aggres 
sive hydro?uoric acid. A Permalloy etchant has, for ex 
ample, the following composition: 

100 ml H20 
34 ml H2SO,‘ (95%) 
18 ml H202 (30%) 

Such an etchant can of course be used in a much sim 
pler method than an etchant comprising hydro?uoric 
acid. 
The graph in FIG. 1 shows the etching rates A (in 

,um/min.) of boron nitride-titanium insulators compris 
ing 1 to 6% of titanium for the said Permalloy etchant 
(line 1) and for a so-called titanium etchant (line 2) 
comprising hydro?uoric acid and having the following 
composition: 

100 ml H20 
5 ml HZSO4 (95%) 
1 ml HF (40%) 
Boron nitride-titanium ?lms comprising 1 to 6% of 

titanium may be manufactured, for example, by cath 
ode sputtering of a target of boron nitride-titanium ma 
terial having a titanium content of between 1.5% to 
8.5% in a nitrogen atmosphere. 
When the ratio between boron nitride and titanium 

is shifted to a higher titanium content, while nitrogen 
or argon may be used as a gas, a resistive material is ob 
tained in which an (experimentally determined) corre 
lation is present between titanium content and speci?c 
resistance (FIG. 2). A de?ned specific resistance can 
be obtained with this material comprising from 5% to 
95% of titanium which has as compared with the 
known resistive materials a better thermal conductiv~ 
lty. 
The wet chemical etching behaviour of this material 

is found from FIG. 3a (N2 discharge) and FIG. 3b (Ar 
discharge). In FIG. 3a a negligibly small etching rate 
and in FIG. 3b an etching rate (removal of the ?lm per 
unit of time) which is suf?cient for ?lm structures is ob 
tained in the given etching solution. Films which are 
provided by sputtering both in nitrogen and in argon 
are resistant to hydro?uoric acid. 
Since this material can be provided by sputtering in 

a nitrogen or argon discharge, the titanium content of 
the target in case of an N2 discharge must be between 
8.5% and 97% and in case of an Ar discharge must be 
between 2% and 90% for the envisaged range of com 
positions of the ?lm (5% to 95% of Ti). 
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In addition to the above-mentioned properties the 
?lms thus manufactured exhibit a satisfactory thermal 
conductivity and an eminent sliding capacity. For many 
possible uses (for example, in potentiometers) espe 
cially the sliding property is of importance. 

It is very favourable that the temperature coef?cient 
a of BN/Ti sputtered in Ar in the range having a tita 
nium content of the ?lm of from 40% to 100% is not 
larger than 3. l0“4 l/°C and in addition has a zero cross 
ing at approximately 85% of titanium (FIG. 5). 
Thin ?lms of a boron nitride-titanium material whose 

titanium content is between 0.5% and IS% constitute 
a resistive optic material having a variable refractive 
index. 
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This material whosc etching behaviour is shown in 
FIG. 1 can only be etched in the given solutions. As 
compared with other acids (including hydro?uoric 
acid) it is found to be resistant. 
The refractive index is shown in FIG. 4 as a function 

of the titanium content. 
Films having the optical property as shown in FIG. 4 

are provided by sputtering in a nitrogen discharge while 
a boron nitride-titanium material is used as a target 
whose titanium content may vary between 0.7% and 
21% so as to obtain the desired refractive index. In view 
of the use of nitrogen as a gas it is probable that the 
components of this material according to the invention 
are boron nitride and titanium nitride. 
Likewise as M052 boron nitride is among the known 

solid lubricants. Whereas pure BN ?lms are sensitive to 
chemical reagents the etching behaviour is modi?ed to 
a considerable extent already in low doped materials as 
is apparent from the above-mentioned examples. 
This property causes the material according to the 

invention to be suitable as a lubricant even under cir 
cumstances promoting corrosion. 
The manufacturing method according to the inven 

tion will be described in greater detail with reference 
to the following embodiment. 
A boron nitride disc evenly coated with titanium 

discs (diameter 2 mm) on its surface was used as a tar 
get. The substrates consisted of silicon wafers either 
coated or not coated with an SiO2 ?lm and having a 
thickness of one-fourth mm and a diameter of 33 mm, 
and glass sheets of the same dimensions. They were 
present in a substrate holder at a distance of 30 mm 
from the target so that one of their surfaces faced the 
target. 
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6 
The gas discharge was effected at a pressure of_ 

l.5.l0_2 Torr. A transmitter having an operating fre 
quency of 27.12 MHz and a maximum power of 2.5 kW 
was used as a high-frequency source. 

In most experiments the energy density of the ions on 
the target was approximately 3 W sq.cm. The sub 
strates were not separately heated, but reached a tem 
perature of approximately 300°C during sputtering. 
The time to provide a l ,um thick ?lm varied with the 
titanium content of the target and was one hour at an 
average, that is to say, a ?lm of approximately 170 A 
thick was provided per minute. 
What is claimed is: 
1. A chemically resistant material which is provided 

in the form of a thin ?lm on substrates, said material 
being a mixture consisting essentially of from 0.5 to 
95% by weight of at least one element from the group 
consisting of titanium, zirconium, and hafnium and the 
balance boron nitride. 

2. Use of the material recited in claim 1 as a solid lu 
bricant. 

3. A material as in claim 1, containing 1 to 6% by 
weight of said at least one element. 

4. Use of the material recited in claim 3 as an electri 
cally insulating material. 

5. A material as in claim 1, containing 0.5 to I57: by 
weight of said at least one element. 

6. Use of the material as recited in claim 5 as an opti 
cal material. 

7. A material as in claim 1, containing 5 to 95% by 
weight of said at least one element. 

8. A material as in claim 1, wherein said element is 


