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[57] ABSTRACT

A layer i1s patterned by sputter etching using a photore-
sist as a sputter-etch-mask and using a thin metal layer
between the mask and the layer or layer-system to be
patterned. The metal layer is extremely thin and con-
sists of a metal that is itself useless as a sputter-etch-
mask. The process is especially important in the manu-
facture of semiconductor devices.

S Claims, 4 Drawing Figures
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SEMICONDUCTOR PATTERN DELINEATION BY
SPUTTER ETCHING PROCESS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

SUMMARY OF THE INVENTION

The invention relates to a method of manufacturing a
pattern from one or more layers on a substratum by the
local removal of said layer or layers by sputter etching
over at least a part of the thickness of the layer or the
system of layers while using a masking pattern which is
resistant to sputter etching and which consists of a pho-
toresist on an intermediate layer of a material which can
be removed selectively with respect to the layer present
immediately below it and to be patterned by sputter
etching, the masking photoresist and the intermediate
layer being removed after the sputter etching treatment.
The invention furthermore relates to articles, in particu-
lar semiconductor devices, manufactured by using said
method.

BACKGROUND OF THE INVENTION

“Sputter etching” is to be understood to mean herein
a method for the removal of material by ion bombard-
ment. The material to be removed or the underlying
substrate may itself serve as a cathode in a gas discharge
or be cathodically biased; it is also possible to place the
substrate with the layer or layers to be removed locally
in the path of the bombarding ions of a gas discharge.
Since the bombarding ions are impinging on the object
with the material to be removed, in a substantially equal
direction, the boundary of the etching will accurately
follow the edge of the masking used. In this manner, a
much more accurate boundary of layers to be etched
away can in principle be realized than in chemical etch-
ing, in which the boundary can extend below the mask
by underetching.

A difficulty in sputter etching, however, was to ob-
tain a good mask which could be removed selectively
after the etching treatment. For that purpose it was
known, for example, to choose a material which was
sputtered away at a comparatively low speed as com-
pared with the layer or the system of layers which had
to be given a certain pattern by sputter etching and
which are soluble in a chemical etchant which did not
attack the underlying layer to be masked locally. The
masking layer was given the desired pattern by means of
a thin layer of photoresist followed by a chemical etch-
ing treatment of the masking layer. In general the pho-
toresist layer was then removed, although in special
cases it could also be retained, since in the chemical
etching treatment which was carried out to remove the
masking layer after sputter etching a system of layers
consisting mainly of silver any photoresist layer is lift-
ed-off. By way of example, for the sputter etching of
such a system of layers having a thickness of 1 um, a
mask layer of aluminum with a thickness of 0.5 um was
used which could easily be etched selectively by means
of sodium hydroxide solution. The masking layer was
comparatively thick in said known method. In chemical
etching treatment of a pattern in said comparatively
thick masking layer, a proportional extent of underetch-
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ing is difficult to avoid so that the boundary of the
sputter etching s less accurately defined.

It was also known that a photoresist layer itself was
readily useful as a masking pattern for sputter etching.
A difficulty was that photoresist layers which had been
exposed to an ion bombardment could be removed with
difficulty only afterwards. In order to be able to better
remove such a photoresist layer which had been ex-
posed to ion bombardment, it was known to use an
intermediate layer of polyvinylformal directly on the
masked parts of the layer to be removed locally by
sputter etching. After sputter etching, the photoresist
pattern with the underlying polyvinylformal layer were
removed by an ultrasonic treatment in ethylene dichlo-
ride.

However, such an intermediate layer of polyvinylfor-
mal can be provided in a small thickness only with
difficulty and will generally be at least approximately |
p thick. In order to obtain the photoresist pattern, a
developer may be used which also dissolves the parts of
the polyvinylformal layer exposed during the develop-
ment, or said exposed parts should be dissolved 1n a
separate step after the development. It is of importance
that said local dissolving of the exposed parts should be
done as completely as possible. Actually, organic poly-
mers are generally resistant to sputter etching treat-
ments. Remnants of the intermediate layer at the site
where the photoresist has been removed may disturb or
prevent a uniform sputtering away of the underlying
layer or layers. A long lasting etching treatment on the
contrary may result in a stripping off of the photoresist
pattern or at least give a certain underetching of said
pattern. In the latter case, a less accurate definition of
the boundary of the sputter etching wiil be obtained due
to the comparatively large thickness of the intermediate
layer. Edge parts, if any, of the photoresist pattern pro-

jecting as a result of the underetching may actually sag

during the sputter etching and fold onto the sides of the
remaining parts of the intermediate layer. Furthermore
it 1s possible that due to the 1on bombardment and the
released thermal energy the polymeric intermediate
layer can also be removed with greater difficulty only.

One of the objects of the present invention is to pro-
vide a method which does not exhibit the above-
mentioned drawbacks.

According to the invention, a method of the kind
described in the preamble is characterized in that the
intermediate layer consists of a thin layer of a metal
which can be removed by sputter etching at a rate
which is at least of the same order as the rate at which
the material of the underlying layer to be removed
locally can be removed by sputter etching or as the
average rate at which the system of the underlying
layers to be removed locally can be removed by sputter
etching, the masking pattern comprising the photoresist
being removed after the sputter etching treatment by
selectively etching away the intermediate layer. A thin
layer is to be understood to mean herein layers having
thicknesses smaller than 0.5 pum; the thickness of the
intermediate layer is preferably at most 0.3 um. Such a
thin metal layer would in itself not be suitable for use as
a mask against sputter etching.

Where the sputter etching rate of the intermediate
layer 1s compared here with the sputter etching rate of
the underlying layer to be removed locally or with the
average sputter etching rate of the system of layers to be
removed locally, said comparison relates to the same
methods of performing the sputter etching treatment.
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The average sputter etching rate of a system of layers is
to be understood to mean herein the quotient

Vp 1

of said system of layers of n layers, wherein V, is the
sputter etching rate of the material of the p'# layer and
d,is the thickness of the p™ layer. Two rates of the same
order is to be understood to mean herein that one rate is
at least half and at most twice the other rate.

When, according to the preferred embodiment, the
free parts of the intermediate layer are etched away
selectively after the manufacture of the masking pattern
from the photoresist and prior to sputter etching, a
shortlasting etching treatment will suffice in view of the
small thickness of the intermediate layer, in which un-
deretching along the edges of the masking pattern can
be restricted to a minimum. Possible sagging of the edge
portions of the masking pattern is also a minimum so

that a more accurate definition of the boundaries of the

pattern to be manufactured can be achieved.

However, it is also possible, according to a further
preferred embodiment, to omit the last-mentioned etch-
ing treatment of the free parts of the thin intermediate
layer and to remove said free parts also during the sput-
ter etching treatment so that an underetching effect
need not be taken into account at all. In contrast with
the known intermediate layer, the intermediate layer in
the method according to the invention can easily be
removed by sputter etching due to the material used
therein and its small thickness.

Generally speaking, the invention may be used In
those cases in which layers are to be provided In an
accurately determined pattern. Such great accuracies
are of importance in particular for those fields of tech-
nology in which great accuracies and layer parts with
microscopically small dimensions are of importance,
such as in optics and electronics, in particular in the
manufacture of semiconductor devices, for example,
integrated circuits. It is known, for example, to provide
contact windows of very small dimensions as accurate
as possible in an insulating layer, for example, a silicon
oxide layer, present on a semiconductor surface, for
example, of silicon. The method according to the inven-
tion is of particular importance to provide conductor
patterns with conductor tracks having widths which are
as accurate as possible and often as small as possible at
very small mutual distances, in which the conductors
should be given a reasonable thickness so as to keep the
resistance of the conductors low. The remaining parts
of the locally removed layer or the locally removed
system of layers which consists of electrically conduc-
tive material and electrically conductive materials, re-
spectively, may advantageously be used in semiconduc-
tor devices as a pattern of conductors which is at least
partly present on an insulation layer. It will be obvious
that for such applications the method according to the
invention is to be considered in particular. It has proved
possible, for example, with a thickness of the layer or
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the system of layers of at least 0.5 um, to provide a local
gap with a width of at most 2 um.

In principle, the pattern of the layer or of the system
of layers present one on top of the other can be removed
locally throughout the thickness by sputter etching. It
should be taken into account that the material of the
substrate present immediately below the sputtered-
away material may be exposed to the 10n bombardment
for a short time. As to how far such bombardment is
permissible, should be considered for each individual
case. In the case of the manufacture of a pattern of
conductors on a semiconductor which is covered by an
insulation layer, ions impinging upon said insulation
layer may produce static charges which may cause
undesired surface properties in the semiconductor, such
as inversion channels and instabilities as a result of siow
migration of said charges. Furthermore, the substrate
surface may be sensitive to the etchant which is used to
remove the intermediate layer and to lift the photoresist
mask. In such cases, the sputter etching treatment may
be continued in known manner until only a thin layer
remains. This remaining thin layer may be removed by
means of a short-lasting etching treatment in such man-
ner that underetching is minimized.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in greater detail with
reference to the following embodiment and to the ac-
companying drawing in which FIGS. 1 to 4 are dia-
grammatic cross-sectional views of stages during the
provision of conductive metal tracks which are present
at a short distance from each other on a substrate ac-
cording to the embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The embodiment relates to the provision of conduc-
tor tracks on a substrate as may be used in the manufac-
ture of semiconductor devices. According to the pres-
ent example the substrate consists of a semiconductor
body 1, for example of silicon, on which an insulation
layer 2 is provided, for example, of silicon dioxide. The
semiconductor body 1 may comprise parts of different
conductivity types and contact windows (not shown)
may be provided locally in the insulation layer 2 so as to
provide underlying parts of the semiconductor body
with contacts by providing a suitable metal layer in
such a contact window. By means of conductive strips
on the insulation layer such a contact may then be con-
nected again to other contacts or to connection places
to provide connection conductors, for example, in the
form of metal wires. As is known, aluminum may be
used in planar semiconductor devices of silicon both for
contacts on p-type and/or n-type silicon in the windows
and for the conductive strips on the insulation layer.
Aluminium may also be used locally on the insulation
layer as a gate electrode of an IGFET (field effect tran-
sistor having a gate electrode which is separated from
the gate region by insulating matenal). It 1s the object of
the present embodiment to show how it is possible to
provide a number of narrow conductive strips at a small
manual distance from each other, which is of impor-
tance in particular in manufacturing monolithic inte-
grated circuits of a very compact shape.

For the provision of low-resistance conductive strips
it is of importance that the strips should have not too
small a cross-section. Since for a compact construction
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the track width should be small, it is endeavoured to use
a sufficient thickness.

The following example describes the manufacture of
aluminium tracks having a thickness of 1 um, a width of
1-1.5 um and spaced apart 1.5-2 um. For that purpose,
a layer 3 of aluminium, thickness 1 um, is first provided
in known manner, for example by vapour deposition in
a vacuum, on the whole side of the substrate where the
semiconductor body 1 is covered (at least partly), with
the insulation layer 2. By a local etching treatment, the
desired pattern with conductor tracks is to be formed in
said layer 3, use being made of a photoresist layer. How-
ever, prior to the provision of the photoresist layer, first
a thin intermediate metal layer 4 of molybdenum is
provided, for example, with a thickness of only 0.2 um.
The rate at which molybdenum can be sputtered-off in
a given sputter etching treatment is of the same order as
(namely approximately 4/5 of) the rate at which alumin-
ium can be removed by sputtering in a corresponding
sputter etching treatment. The thin molybdenum layer 4
may be provided in known manner by sputtering.

A photoresist layer i1s then provided, for example,
with a thickness of 1 um. The photoresist layer is sepa-
rated from the aluminium layer 3 by the thin intermedi-
ate layer 4 of molybdenum. A pattern § which may be
used as a mask in the subsequent etching treatment is
formed from the photoresist in known manner. The
resultant stage is shown in FIG. 1.

The free parts of the thin molybdenum layer 4 may be
etched away by a short-lasting etching treatment. Since
the molybdenum layer is very thin, the free parts of the
molybdenum layer are etched away completely in a
sufficiently short time to cause only a slight underetch-
ing below the photoresist pattern §, provided the etch-
ing treatment is discontinued in time.

In the present case, however, said etching step is
omitted in which the above-described very slight un-
deretching does not occur either.

For the formation of the desired aluminium pattern,
the non-masked parts of the molybdenum layer 4 and
the underlying parts of the aluminium layer 3 are sub-
jected to a sputter etching treatment by bombarding in
the usual manner with ion radiation 6 obtained from a
gas discharge in an argon atmosphere.

Sputter etching is continued for such a period as is
necessary to maintain thin parts 8 of the aluminium
layer 3 with a thickness of 0.1-0.2 um at the site of the
non-masked surface parts, which time 1s determined
experimentally by preceding tests with test samples.
The resultant stage is shown in FIG. 2. Below the pho-
toresist masking 5§ and the underlying remaining parts of
the thin intermediate layer 4 of molybdenum, parts 7 of
the aluminium layer 3 are maintained with the original
thickness of 1 um. The charge formed locally at the
surface by the ion bombardment is removed via the
remaining aluminium. By maintaining the thin alumin-
ium portions 8 charge accumulation at the surface of the
insulation layer 2 is prevented.

A short-lasting chemical etching treatment in phos-
phoric acid is then carried out until the layer parts 8 of
aluminium are etched away completely. Only a very
small narrowing of the thick parts 7 occurs by under-
etching. The resultant stage ts shown in FIG. 3.
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Finally, for the removal of the masking photoresist
pattern S the underlying parts of the molybdenum inter-
mediate layer 4 are removed by a chemical etching
treatment. In the present case a substantially high-rate
etchant, namely fuming nitric acid, was used which
does not attack the underlying aluminium. The resulting
stage is shown in FIG. 4. The juxtaposed aluminium
strips 7 shown in ths figure and having thicknesses of |
pm and widths between 1 and 1.5 um constitute gaps 9
having widths of at most 2 u.

Of course the invention Is not restricted to the present
embodiment. Within the scope of the present invention
many other combinations of materials which can be
removed by sputtering and suitable metals for the inter-
mediate layer are possible. Comparisons of sputter etch
rates of various metals and other materials are known
per se, while those skilled in the art can also easily
choose selectively etchable metals for use as an interme-
diate layer in combination with various materials to be
removed by sputtering locally. It is also possible, for
example, to obtain molybdenum patterns by sputter
etching with the use of a thin intermediate aluminium
layer. The aluminium may be dissolved selectively with
phosphoric acid.

What is claimed is:

1. A method of manufacturing a pattern from a layer
or a series of layers of material removable by sputter
etching from a substrate, said method comprising apply-
ing to said layer or series of layers a thin coating of a
metal removable by sputter etching at a rate which is
[from] at least [one half]}) of the same order as the rate
of [that of ] removal of the underlying layer or of the
average of the underlying series of layers, a rate of the
same order as another rate being defined as being at least
half and at most twice the other rate, said thin metal coat-
ing having a thickness of less than 0.5 um and being
thinner than said underlying layer or series of layers,
providing a sputter etch photoresist mask of desired
configuration on selected portions of said thin metal
coating to define a pattern of exposed areas, removing
said thin meral coating from said exposed areas and
sputter etching the resultant exposed areas of said layer
or series of layers to thereby remove the layer or series
of layers in said exposed areas and then removing by
etching said thin metal coating present in the areas pro-
tected by said photoresist mask and thereby lifting off
said photoresist mask from the resultant pattern.

2. A method as claimed in claim 1, characterized in
that the thin metal coating has a thickness of at most 0.3
pm.

3. A method as claimed in claim 1 wherein the ex-
posed areas of the thin metal coating are removed by a
selective etching treatment after the formation of the
photoresist pattern and preceding the sputter etching
treatment.

4. A method as claimed in claim 2, wherein the ex-
posed areas of the thin metal coating are removed by a
sputter etching treatment after the formation of the
photoresist pattern.

5. A method as claimed in claim 1 wherein the layer
or the system of layers has a thickness of more than 0.5
jpm and a gap 1s locally provided therein with a width of

at most 2 um.
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