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(57) ABSTRACT

A method for sealing an access opening to a cavity com-
prises the following steps: providing a layer arrangement
having a first layer structure and a cavity arranged adjacent
to the first layer structure, wherein the first layer structure
has an access opening to the cavity, performing a CVD layer
deposition for forming a first covering layer having a layer
thickness on the first layer structure having the access
opening, and performing an HDP layer deposition with a
first and second substep for forming a second covering layer
on the first covering layer, wherein the first substep com-
prises depositing a liner material layer on the first covering
layer, wherein the second substep comprises partly back-
sputtering the liner material layer and furthermore the first
covering layer in the region of the access opening, and
wherein the first and second substeps are carried out alter-
nately and repeatedly a number of times.
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FIG 3C
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METHOD FOR SEALING AN ACCESS
OPENING TO A CAVITY AND MEMS
COMPONENT COMPRISING A SEALING
ELEMENT

[0001] This application claims the benefit of German
Application No. 102017218635.6, filed on Oct. 18, 2017,
which application is hereby incorporated herein by reference
in its entirety.

TECHNICAL FIELD

[0002] This disclosure generally relates to a method for
sealing an access opening to a cavity and MEMS component
comprising a sealing element.

BACKGROUND

[0003] MEMS components, such as e.g. acoustic MEMS
sensors or MEMS microphones, are open components in a
manner governed by their function and are thus exposed to
the surrounding environment in order to detect e.g. sounds,
noises etc. in the form of sound pressure changes in the
environment. Therefore, such MEMS components are often
also exposed to harsh ambient conditions, such as e.g.
mechanical loads, impacts and also high sound pressures. In
order to prevent a malfunction or a reduced performance of
MEMS components, such as e.g. acoustic MEMS sensors,
all elements and in particular the mechanically movable
elements of the MEMS component should have a sufficient
mechanical robustness in order to maintain the required
functionality during the predefined lifetime within the appli-
cation, e.g. within mobile devices such as smartphones,
notebooks etc.

[0004] This applies in particular to MEMS components
comprising a cavity having an atmospheric reduced pressure
or a vacuum in which small access openings to the cavity are
intended to be hermetically sealed, and this hermetic seal is
intended to maintain the required functionality of the MEMS
component securely and reliably even under harsh ambient
conditions.

SUMMARY

[0005] In accordance with one exemplary embodiment, a
method for sealing an access opening to a cavity comprises
the following steps: providing a layer arrangement having a
first layer structure and a cavity arranged adjacent to the first
layer structure, wherein the first layer structure has an access
opening to the cavity, performing a CVD layer deposition
for forming a first covering layer having a layer thickness on
the first layer structure having the access opening, and
performing an HDP layer deposition with a first and second
substep for forming a second covering layer on the first
covering layer, wherein the first substep comprises depos-
iting a liner material layer on the first covering layer,
wherein the second substep comprises partly backsputtering
the liner material layer and furthermore the first covering
layer in the region of the access opening, and wherein the
first and second substeps are carried out alternately and
repeatedly a number of times.

[0006] In accordance with one exemplary embodiment, a
MEMS component includes a layer arrangement having a
first layer structure and a cavity arranged adjacent to the first
layer structure, wherein the first layer structure has an access
opening to the cavity, and a structured covering layer stack
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for forming a local sealing element at the through opening,
wherein the local sealing element has a layer sequence
comprising a CVD layer and an HDP layer.

[0007] In accordance with a further exemplary embodi-
ment, a method of forming a MEMS component includes
forming a layer arrangement having a first layer structure
and a cavity arranged adjacent to the first layer structure,
wherein the first layer structure has an access opening to the
cavity; and forming a structured covering layer stack for
forming a local sealing element at the access opening,
wherein the local sealing element has a layer sequence
comprising a CVD layer and an HDP layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Exemplary embodiments of devices and/or meth-
ods are described in greater detail below by way of example
with reference to the accompanying figures, in which:
[0009] FIGS. 1a-1d show exemplary process steps of a
method for sealing a cavity, e.g. of a MEMS component, in
accordance with one exemplary embodiment;

[0010] FIG. 2 shows one exemplary HDP process system
with reference to specific process parameters for carrying
out the method for sealing a cavity in accordance with one
exemplary embodiment;

[0011] FIGS. 3a-3e show detail illustrations of the access
openings to be sealed and of the sealing elements obtained
during different process sections of the production method
for sealing a cavity in accordance with one exemplary
embodiment; and

[0012] FIG. 4 shows a basic illustration of a MEMS
component in the form of a vacuum microphone comprising
a double-membrane arrangement for elucidating the method
for sealing a cavity in accordance with one exemplary
embodiment.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0013] Before exemplary embodiments are explained
more specifically in detail below with reference to the
drawings and figures, it is pointed out that identical, func-
tionally identical or identically acting elements, objects,
function blocks and/or method steps are provided with the
same reference signs in the different figures, such that the
description of said elements, objects, function blocks and/or
method steps as presented in different exemplary embodi-
ments is mutually interchangeable or can be applied to one
another.

[0014] Exemplary embodiments relate to a method for
sealing an access opening to a cavity of a component, e.g. a
release opening of a MEMS component or of a MEMS
microphone, wherein the cavity can have e.g. an atmo-
spheric reduced pressure, and furthermore relate to a corre-
sponding MEMS component
(MEMS=microelectromechanical system) comprising a
sealed cavity having an atmospheric reduced pressure.
Exemplary embodiments relate in particular to a production
method for producing specially configured local sealing
elements of the access opening(s) at a layer structure or
membrane structure of a MEMS component, wherein the
cavity is arranged adjacent to the layer structure. Exemplary
embodiments thus relate to a hermetically sealed double-
membrane microphone or a vacuum microphone comprising
a double-membrane arrangement arranged on a carrier sub-
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strate and a counterelectrode structure situated therebe-
tween, wherein the cavity between the two membrane ele-
ments has an atmospheric reduced pressure or a vacuum and
is hermetically sealed.

[0015] In some embodiments, a MEMS component, such
as e.g. a pressure sensor, an acoustic MEMS sensor or a
MEMS microphone, and for a corresponding production
method in which a cavity of the MEMS component firstly
can be sealed with a high mechanical robustness, wherein
furthermore the functionality, such as e.g. the acoustic
behavior, of the MEMS component is maintained.

[0016] The explanations below relate by way of example
to a method for sealing a cavity of a MEMS component e.g.
in the form of a vacuum microphone having a hermetically
sealed double-membrane configuration, but it is pointed out
that said explanations are equally applicable to any compo-
nents or MEMS components in which at least one or a
plurality of access openings in a layer structure arranged
adjacent to a cavity is/are intended to be hermetically sealed
in a reliable manner.

[0017] MEMS components, such as e.g. MEMS micro-
phones, are formed for example from a sequence of layers
or layer structures, wherein the different layers can comprise
in each case semiconductor materials, such as e.g. poly- or
monocrystalline silicon, etc., or insulation materials, such as
e.g. silicon nitride or silicon oxide, etc. The silicon oxide
material is then used for example as material for sacrificial
layers, wherein the sacrificial layer material is then removed
from a defined exposure region at the end of the process for
producing the MEMS component by means of an etchant in
order to obtain the cleared exposure region or the cavity or
else an air gap. Exposing the exposure region or the cavity
is also referred to as a release process or a release etch. To
that end, provision is made of one or a plurality or a
multiplicity of access openings in the layer structure adja-
cent to the cavity to be formed, such that the applied etchant
can penetrate into the exposure region from outside through
the access openings of the layer structure and can remove the
sacrificial material from the exposure region or from the
cavity.

[0018] Itis pointed out once again that the present concept
is equally applicable to otherwise arbitrary configurations of
the MEMS component comprising arbitrary sacrificial layer
and semiconductor materials.

[0019] Some MEMS applications, then, necessitate her-
metically sealing the access openings in the layer structure
to the cavity, as may be the case for example for MEMS
microphones, pressure sensors, etc. In this regard, by way of
example, highly sensitive MEMS microphones have two
movable membrane structures arranged in a manner sepa-
rated from one another, wherein a relatively rigid counter-
electrode structure (also called: backplate) is arranged
between the membrane structures. The two membrane struc-
tures can thus form the cavity, which, in particular for highly
sensitive microphones, can have an atmospheric reduced
pressure or as far as possible a high vacuum, such that
substantially no mechanical damping vis a vis the counter-
electrode structure occurs upon the deflection of the mem-
brane structures that are mechanically connected to one
another.

[0020] In accordance with exemplary embodiments, then,
reliable hermetic sealing of the access opening(s) of the
layer structure to the cavity is achieved by means of a
two-stage deposition process. In this regard, firstly a CVD
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deposition (CVD=Chemical Vapor Deposition) is carried
out in order to form a first covering layer having a first layer
thickness D,,, on the first layer structure and the access
opening or the access openings. During the CVD deposition,
by way of example, oxide material, such as e.g. a silicon
oxide, or else a nitride material, such as e.g. a silicon nitride
material, can be applied on the first layer structure, wherein
at the access opening an overhang region of the applied
material arises at the edge of the access opening if the layer
thickness D, ,, of the applied first covering layer is chosen
to be in a range of between 0.3 and 1.0 times the inner
minimum diameter or the “clear” diameter D,;, of the
access opening and to be approximately 0.5 times the inner
minimum diameter D,;, of the access opening. During the
CVD layer deposition with the considered dimensioning
ratio between the layer thickness D,,, of the first applied
covering layer and the inner minimum diameter D, 5, of the
access opening, a CVD layer is thus obtained which has in
a central region above the respective access opening an
overhang at the edge of the access opening and thus a
tapering of the applied CVD layer in a central region of the
respective access opening, but which cannot yet provide a
reliable hermetic seal or sealing of the access opening.

[0021] After the CVD application process for the first
covering layer, then, an HDP layer deposition (HDP=High
Density Plasma) is furthermore carried out, wherein said
HDP layer deposition is subdivided into two HDP substeps
in order to form a second covering layer on the first covering
layer. The first substep of the HDP layer deposition involves
implementing a liner material layer, e.g. comprising a nitride
or oxide material, on the first covering layer, wherein the
second substep involves partly backsputtering, i.e. removing
material by means of sputtering, both the liner material layer
and the first covering layer in the region above the through
opening and in particular at the “tapering region” of the first
covering layer at the access opening. The first and second
substeps of the HDP layer deposition are then carried out
alternately (or separately from one another) and repeatedly
a number of times.

[0022] In accordance with exemplary embodiments, the
specially “coordinated” HDP layer deposition process is
carried out in two stages, i.e. with a first and second substep,
wherein firstly a liner deposition is carried out, which is
carried out substantially without backsputtering power
(without bias). Consequently, it is possible to utilize the
good edge coverage of the liner material during the HDP
deposition process, while the second substep involves partly
backsputtering both the applied liner material layer and the
first covering layer (CVD layer) in the region above the
through opening, since the backsputtering of the HDP pro-
cess takes place in particular in the region of beveled edges,
i.e. in the core region of the CVD layer at the access opening
to be sealed. Consequently, the present HDP layer deposition
involves carrying out backsputtering of the applied layer
structures alternately with a liner material deposition.

[0023] By separating the HDP liner material application
and the partial HDP material removal (=backsputtering) of
the liner material layer and furthermore of the first covering
layer primarily in the region above the through opening, it
is possible to completely seal the core region of the tapering
in the CVD layer at the access opening. The HDP process
coordinated in accordance with exemplary embodiments
thus has an application component and a material removal
component, as a result of which it is possible to completely
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and hermetically seal the remaining tapering region in the
CVD covering layer at the respective access opening.

[0024] Inaccordance with exemplary embodiments, when
carrying out the HDP layer deposition, furthermore an initial
step can be carried out before the first substep, wherein the
initial step involves partly backsputtering the first covering
layer in the region of the through opening. The process
parameters of the HDP layer deposition can then be chosen
s0 as to set the composition of the process gas used in the
initial step such that the backsputtering is carried out with an
at least reduced material application or else optionally
without a material application.

[0025] The process sequence can thus also begin with a
sputtering step (=initial step) on the previously deposited
CVD layer. Afterward, the first and second substeps of the
HDP layer deposition are then carried out alternately (or
separately from one another) and for example repeatedly a
number of times.

[0026] Optionally, a further covering or seal layer, e.g.
composed of a silicon nitride material, can then be applied
by means of a further CVD process in order also to provide
a further hermetic seal layer at the top side of the layer stack
present. Afterward, the resulting covering layer stack
applied on the first layer structure and the access openings
present therein can be structured, e.g. by means of a selec-
tive etching process, so as to obtain in each case an indi-
vidual sealing element (also called sealing plug) at each
access opening in the first layer structure to the cavity.

[0027] Since, in the HDP process, a high vacuum or a high
atmospheric reduced pressure is present in the process
region, furthermore a correspondingly high vacuum or a
correspondingly high atmospheric reduced pressure is pro-
duced in the cavity during the hermetic sealing of the access
opening(s) in the first layer structure and is also maintained
after the hermetic sealing.

[0028] Furthermore, the procedure presented makes it
possible for only an extremely small proportion of the layer
materials supplied to deposit within the cavity during the
CVD application process or the subsequent HDP application
process, with the result that substantially no change in the
functionality of the MEMS elements situated in the cavity,
e.g. of the two membranes and/or of the counterelectrodes,
is brought about. Furthermore, the functionality of the
resulting MEMS component is not influenced by the sepa-
rately arranged, small sealing elements (sealing plugs)
obtained at the first layer structure in the region of the access
opening(s). In this case, the number and position of the
sealing elements depend on the preceding exposure or
release process used to remove the sacrificial material from
the region within the cavity.

[0029] In accordance with exemplary embodiments, what
is thus made possible is that, when sealing the access
openings to the cavity, this process is carried out under a
high vacuum, such that a resulting high vacuum can be
obtained in the cavity. Furthermore, the sealing elements can
be formed in a manner governed by production such that
they can be exposed to typical ambient conditions for
microphones during use in mobile applications, without
exhibiting a malfunction or a reduced performance. Further-
more, the hermetic sealing can be achieved reliably even vis
a vis moisture. Furthermore, the mechanical and also elec-
trical properties and functionalities of the resulting MEMS
component, i.e. for example of a MEMS microphone or of
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a MEMS sensor, are not changed, or are only changed
insignificantly, by the applied sealing elements.

[0030] Exemplary embodiments thus make it possible to
seal an access opening through a layer structure to a cavity,
i.e. an opening without a base, by carrying out the material
application processes described, i.e. the sequence of CVD
and HDP processes, such that a material application is
carried out substantially only into the region of the sidewalls
of the through openings or access openings to the cavity.
[0031] The access openings through the layer structure to
the cavity and the sealing elements therecof can thus be
arranged at any accessible surface region to the cavity.
[0032] The presented procedure for sealing a cavity, e.g. of
a MEMS component or of a MEMS microphone, can be
incorporated and integrated in the production process for
MEMS components without high additional technical com-
plexity.

[0033] Various exemplary embodiments will now be
described more thoroughly with reference to the accompa-
nying drawings, in which some exemplary embodiments are
illustrated. In the figures, the thicknesses of lines, layers
and/or regions may be illustrated in a manner not to scale,
for clarification purposes.

[0034] Hereinafter, the basic sequence of the method steps
of the method 100 for sealing a cavity, e.g. of a MEMS
component (MEMS=microelectromechanical system), in
accordance with one exemplary embodiment will now be
explained with reference to schematic illustrations in FIGS.
1a-1d. In order to simplify the description of the geometric
relationships, an x-y-z-coordinate system is illustrated by
way of example in FIGS. 1a-1d, wherein the x-y-plane
represents the plane of the drawing.

[0035] As is illustrated in FIG. 1q, in the method 100 for
sealing a cavity, firstly a step 120 involves providing a layer
arrangement 221 having a first layer structure 210 and a
cavity 220 arranged adjacent to the first layer structure 210,
wherein the first layer structure 210 has an access opening
230 to the cavity 220.

[0036] With regard to the illustration of the layer arrange-
ment 221 in FIG. 1a, it is pointed out that only a small
section of the layer arrangement 221 of, for example, a
MEMS component (200—not shown completely) is illus-
trated, wherein the first layer structure 210 can be configured
for example as a lamella or a movable membrane of a
MEMS sensor element. In this regard, the first layer struc-
ture 210 can also have a plurality or multiplicity of access
openings 230, wherein FIGS. 1a-1d illustrate merely in a
detail view a single access opening 230 in the first layer
structure 210, wherein the following description is however
equally applicable to sealing a multiplicity of access open-
ings 230 to the cavity 220.

[0037] Furthermore, it is pointed out that the following
description of one exemplary embodiment of the method for
sealing the cavity 220 is described by way of example on the
basis of MEMS components, such as e.g. MEMS micro-
phones or MEMS vacuum microphones, wherein the sche-
matic illustrations illustrated in FIGS. 1a-1d may illustrate
a partial section of a MEMS microphone. It should be taken
into consideration, however, that the below-explained prin-
ciple and method for sealing the access openings in a layer
structure to a cavity are applicable to arbitrary MEMS
components and are not restricted to the exemplary embodi-
ments of MEMS microphones presented merely by way of
example.
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[0038] As is illustrated in FIG. 1a, the cavity 220 is
delimited by the first layer structure 210 at one side, i.e.
toward the top or in the y-direction, wherein the cavity 220
in the layer arrangement 221 is delimited or surrounded by
further marginal elements (not shown in FIGS. 1a-1d) in the
further directions, i.e. in the x- and z-directions. The first
layer structure 210 can comprise for example a semicon-
ductor material, such as e.g. a poly- or monocrystalline
silicon material. The first layer structure 210 can have for
example a layer thickness D,,, of 0.25 to 1 um, for instance
0t 0.4 to 0.6 um, and for example of approximately 0.5 pm.
The access opening 230 in the first layer structure 210 has
for example an inner minimum diameter or a “clear” diam-
eter D55, in a range of 0.2 to 1.5 pm, of 0.7 to 1.3 um, and
for instance of 1 um.

[0039] Step 140 in FIG. 15 then involves carrying out a
CVD layer deposition (CVD=Chemical Vapor Deposition)
in order to form a first covering layer 240 having a layer
thickness D,,, on the first layer structure 210 having the
access opening 230. As is illustrated in FIG. 15, in the region
230-A of the access opening 230 an “overhanging CVD
layer material” of the first covering layer 240 forms at the
edge region 230-B of the access opening 230. As a result, the
first covering layer 240 forms in a tapered shape (in the
y-direction) as far as the central region or core region of the
access opening 230. The tapering or core 240-A of the layer
material 240 can also be configured as approximately
double-conical. By means of the first covering layer 240
obtained by means of CVD layer deposition, a reliable
hermetic sealing of the access opening 230 cannot yet be
achieved in the overhang region 230-A with the (double-
conical) tapering in the core region 240-A.

[0040] Inorder to hermetically seal said core region 240-A
in the first covering layer 240 above the access opening 230
or within the opening region 230-A, a step 160, as illustrated
schematically in FIG. 1¢, then involves carrying out an HDP
layer deposition (HDP=High Density Plasma), which is also
referred to as HDP-CVD layer deposition, for forming a
second covering layer 250 above or on the first covering
layer 240. In this case, the HDP layer deposition step 160 is
divided into a first and second substep. The first substep
involves firstly depositing a liner material layer 250 on the
first covering layer 240. The second substep involves partly
backsputtering the liner material layer 250 and also the first
covering layer 240 at least in the region 230-A above or at
the through opening 230. The first and second substeps are
then carried out alternately and repeatedly a number of times
in order ultimately to form the second covering layer 250 on
the first covering layer 240.

[0041] In accordance with exemplary embodiments, the
specially coordinated HDP layer deposition process is car-
ried out in two stages, i.e. with a first and second substep,
wherein firstly a liner deposition (also called: liner material
deposition) is carried out, which is carried out substantially
without backsputtering power (without bias). Consequently,
it is possible to utilize the good edge coverage of the liner
material during the HDP deposition process, while the
second substep involves partly backsputtering both the
applied liner material layer and the first covering layer
(CVD layer) 240 in the region above the through opening
230, since the backsputtering of the HDP process takes place
in particular in the region of beveled edges, i.e. in the core
region of the CVD layer at the access opening 230 to be
sealed. Consequently, the present HDP layer deposition
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involves conducting or carrying out backsputtering of the
applied layer structures alternately with a liner material
deposition.

[0042] By separating the HDP liner material application
and the partial HDP material removal of the liner material
layer and furthermore of the first covering layer 240 pri-
marily in the region 230-A of the through opening 230, it is
possible to completely seal the core region 240-A of the
tapering in the CVD layer 240 above the access opening.
Furthermore, a relatively deep sealing of the access opening
230 is achieved at the edge region 230-B since the sealing
material comprising the CVD layer 240 and the HDP layer
250 is introduced into the access opening 230 substantially
as far as the lower edge (adjacent to the cavity).

[0043] The HDP process coordinated in accordance with
exemplary embodiments thus has an application component
and a material removal component, as a result of which it is
possible to completely and hermetically seal the remaining
tapering region in the CVD covering layer 240 above the
respective access opening 230.

[0044] Inaccordance with exemplary embodiments, when
carrying out the HDP layer deposition, furthermore an initial
step can be carried out before the first substep, wherein the
initial step involves partly backsputtering the first covering
layer 240 in the region of the through opening 230. The
process parameters of the HDP layer deposition can then be
chosen so as to set the composition of the process gas used
in the initial step such that the backsputtering is carried out
with an at least reduced material application or else option-
ally without a material application.

[0045] The process sequence can thus also begin with a
sputtering step (=initial step) on the previously deposited
CVD layer 240. Afterward, the first and second substeps of
the HDP layer deposition are then carried out alternately (or
separately from one another) and for example repeatedly a
number of times in order to obtain the HDP layer 250.
[0046] Optionally, a further covering or seal layer 270, e.g.
composed of a silicon nitride material, can then be applied
by means of a further CVD process in order also to provide
a further hermetic seal layer at the top side of the layer stack
260 present. Afterward, the resulting covering layer stack
261 applied on the first layer structure 210 and the access
openings 230 present therein can be structured, e.g. by
means of a selective etching process, so as to obtain in each
case an individual sealing element 280 (also called sealing
plug) at each access opening 230 in the first layer structure
210 to the cavity 220.

[0047] Since, in the HDP process, a high vacuum or a high
atmospheric reduced pressure is present in the process
region, furthermore a correspondingly high vacuum or a
correspondingly high atmospheric reduced pressure is pro-
duced in the cavity 220 during the hermetic sealing of the
access opening(s) 230 in the first layer structure 210 and is
also maintained after the hermetic sealing.

[0048] The first covering layer 240 obtained by means of
a CVD layer deposition in step 140 and the second covering
layer 250 obtained thereon by means of an HDP layer
deposition in step 160 then form the layer sequence 260 that
hermetically seals the at least one access opening 230 in the
first layer structure 210 to the cavity 220.

[0049] After step 160 of the HDP layer deposition, an
upper covering or sealing layer 270 can furthermore also be
applied on the layer sequence 260, wherein the additional
(optional) upper covering layer 270 can comprise an insu-
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lation material, such as e.g. SiN (silicon nitride), SiC (silicon
carbide) or else some other insulation material. As is then
illustrated in optional step 180 in FIG. 14, the resulting layer
stack 261 can be structured in order to form a local sealing
element 280 (sealing plug) at the through opening 230 or in
each case a local sealing element 280 at the plurality of
through openings 230.

[0050] The upper covering layer 270 can be applied on the
layer sequence 260, for example, in order to form the layer
stack 261, wherein the layer stack 261 can be structured, i.e.
subjected to an etching-back step with or without a mask, in
order to form the sealing element 280 or the sealing elements
280.

[0051] In accordance with a further exemplary embodi-
ment, the layer sequence 260 comprising the first and second
covering layers 240, 250 can also be structured, wherein the
additional sealing or covering layer 270 can then be applied
and be subjected to an etching-back step with or without a
mask in order to obtain the final seal of the sealing element
280. If the upper sealing layer 270 is applied on the
structured layer sequence 260, it is also possible for this
additional, upper covering layer 270 to extend onto the
sidewall region of the structured layer sequence 260 and
optionally also further onto an adjacent section of the upper
surface of the first layer structure 210 (not shown in FIG.
1d).

[0052] Step 160 of carrying out the HDP layer deposition
involves hermetically sealing the access opening 230
through the first layer structure 210 to the cavity 220 at an
atmospheric reduced pressure, i.e. the HDP process pres-
sure, such that the cavity 220 having said atmospheric
reduced pressure is obtained. During an HDP process, the
atmospheric reduced pressure can be in a range of, for
example, 2 to 10 mtorr or be approximately 5 mtorr, i.e. in
a range that can be referred to as vacuum or else high
vacuum. In accordance with one exemplary embodiment,
the pressure or reduced pressure (atmospheric reduced pres-
sure) in the sealed cavity 220 can be substantially a vacuum
or a virtual vacuum (high vacuum). Alternatively, the pres-
sure in the hermetically sealed cavity 220 can be less than
1%, 0.1%, 0.01% or 0.001% of the atmospheric ambient
pressure or of the atmospheric standard pressure (also physi-
cal atmosphere), wherein the atmospheric standard pressure
(physical atmosphere) can typically be 101.325 kPa or
1013.25 mbar or 760 torr. The pressure in the hermetically
sealed cavity 220 can also be an absolute pressure, e.g. with
an absolute pressure of less than 100 mtorr, S0 mtorr or less
than 10 mtorr. The pressure unit “physical atmosphere” is
oriented to the magnitude of normal air pressure at sea level.
[0053] The process parameters when carrying out step 160
of the HDP layer deposition can then be set such that in the
first substep, i.e. the deposition of a liner material layer on
the first covering layer, an at least reduced sputtering power
is set or obtained in order to carry out the liner material layer
deposition, and wherein in the second substep the compo-
sition of the process gas used is set in order to carry out the
backsputtering with an at least reduced material application.
In accordance with a further exemplary embodiment, the
process parameters when carrying out the HDP layer depo-
sition can be set such that the first substep of the HDP layer
deposition is carried out without an (effective) sputtering
power, and that the second substep of the HDP layer
deposition is carried out without an (effective) material
application.
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[0054] In this context, reference is made to FIG. 2, which
illustrates one exemplary HDP process system with refer-
ence to specific process parameters for carrying out the
method of HDP layer deposition (in accordance with step
160) in accordance with one exemplary embodiment.
[0055] As is illustrated in FIG. 2, the exemplary HDP-
CVD reactor 300 in FIG. 2 comprises the following basic
elements: a tunable induction coil 302, a temperature-con-
trolled ceramic dome 304, a gas port 306 a remote plasma
applicator 308, a turbo pump 310, a throttle and shut-off
valve arrangement 312, an electrostatic chuck (clamping
chuck or rotary chuck) 314, a chamber body 316, adjustable
gas injection elements 318, and a heating/cooling plate 320,
which are arranged in the manner as illustrated schemati-
cally in FIG. 2. In accordance with exemplary embodiments,
the HDP process parameters are then set such that the two
substeps for producing the second covering layer by means
of'an HDP process are carried out substantially separately or
successively and repeatedly in order to seal in particular the
core region 240-a of the applied CVD covering layer 240
hermetically with the second covering layer 250.

[0056] In accordance with one exemplary embodiment, it
is possible firstly to carry out the filling or sealing of the
access opening 230 in the first layer structure 210 even
without a “base” in the opening 230, with no or only
extremely little deposition of material within the cavity 220,
by means of the access opening 230 firstly being sealed “for
the most part” by an insulation material being applied by
means of a typical CVD process, wherein the applied
material of the first covering layer 240 produces an overhang
or overhang region at the edge 230-B of the access opening
230.

[0057] This is followed by an HDP layer deposition pro-
cess having an application component and a sputtering
component, using the HDP-CVD reactor 300 illustrated by
way of example in FIG. 2. This HDP process is then set so
as to close the “heart”, i.e. the double-conical core 240-A, of
the applied covering layer 240 in the center region of the
access opening 230. This is done by implementing the HDP
process with two successive “separate” substeps, wherein
the first substep involves depositing a liner material layer on
the first covering layer with an at least reduced and for
example with no sputtering power, while the second substep
involves partly backsputtering the liner material layer and
furthermore the first covering layer 240 in the region above
the through opening 230 with an at least reduced liner
material application and for example with no liner material
application. These two substeps are then carried out alter-
nately and repeatedly a number of times in order to obtain
ahermetic sealing of the access opening 230 by means of the
two applied layers 240 (CVD layer) and 250 (HDP layer).
Since the HDP process is carried out at a high vacuum, a
reduced pressure (high vacuum or virtual vacuum) can be
obtained in the cavity 220 since this is the process pressure.
A final covering or sealing layer can be implemented from
the top side for example directly after the HDP process or
else later after the structuring of the layer stack 260 com-
prising the two layers 240 and 250.

[0058] The reduction or complete omission of the sput-
tering power can be achieved for example by virtue of the
bias power, i.e. the RF biasing power source applied to the
wafer holding electrode (electrostatic chuck), experiencing
no supply power, that is to say that the sputtering etching
component is substantially “switched off”” during the mate-
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rial application (liner material deposition) (first substep). In
the second substep, substantially exclusively backsputtering
of the layer stack with the material application being at least
reduced or switched off can be obtained by virtue of the
composition of the reaction or process gases for example
being changed such that no liner material deposition takes
place (substep 2).

[0059] The process parameters for example in the first
substep of the HDP layer deposition (liner material deposi-
tion) can be set to a power at the top electrode or anode (top)
with 1300 watts and at the side electrodes (side=adaptation
power) with 2700 watts, while the power in the second
substep (in the sputtering or backsputtering process) can be
set to 1200 watts at the top electrode (top), to 4000 watts at
the side electrode (side), and the bias power (cathode) can be
set to 3000 watts. These values should be regarded as purely
by way of example.

[0060] Some geometric relationships between the dimen-
sions of the first layer structure 210, the access opening(s)
230 arranged therein and the layers 240 (CVD layer) and
250 (HDP layer) applied on the first layer structure 210
having the access opening 230, or the layer thicknesses of
said layers, will now be discussed by way of example
hereinafter.

[0061] In this regard, the access opening 230 in the first
layer structure 210 has for example an inner minimum
diameter or a clear diameter D, in a range 0f 0.2 to 1.5 pm.
The inner minimum diameter can also be regarded as the
“clear dimension” at the geometric centroid of the access
opening 230. The diameter (inner minimum diameter) D,
of the access opening 230 can thus be in a range of 0.2 um
to 1.5 pm. The layer thickness D, , of the first layer structure
210, i.e. for example the edge length 230-B thereof, can be
in a range 0f 0.25 to 1 pm and be approximately 0.5 pum. The
layer thickness D,,, of the applied first covering layer 240
can be (e.g. in a region outside the access opening 230-A) in
a range of 0.06 to 1.5 um, of 0.4 to 0.7 um, and be
approximately 0.5 pm. Carrying out the CVD deposition 140
can then be set such that the first covering layer 240 has a
layer thickness D,,, in order to obtain a dimension ratio
D,.40/Ds55, between the layer thickness D,,, of the first
applied covering layer 240 and the diameter D,;, of the
access opening 230 that is in a range of 0.3 and 1 and is
approximately 0.5, i.e. 0.3 D,30=D,,0=<1.0 D,;4 or D, ,o=0.
5%D,50. The layer thickness D, of the applied HDP layer
240 can be e.g. in a range 0 0.05 to 1 um, of 0.1 to 0.8 pm,
and be approximately 0.5 um.

[0062] With regard to the access opening 230 in the first
layer structure 210, it is pointed out that the inner contour of
the access opening in a plan view or in the x-z-plane can be
configured as an arbitrary polygon or e.g. as a regular
convex polygon. The inner contour of the access opening
230 can be configured for example as rectangular or circular.
The access opening 230 or the inner contour thereof can then
be configured geometrically, for example, such that a mini-
mum distance Ax between an arbitrary point within the
access opening in and parallel to the x-z-plane of the surface
of the access opening 230 and the closest marginal point
230-B of the access opening 230 is less than or equal to half
the diameter (inner minimum diameter) D,,, of the access
opening 230, i.e. Ax=D,;,/2.

[0063] In accordance with one exemplary embodiment, a
further covering layer 270, e.g. composed of an insulation
material, such as SiN (silicon nitride), SiC (silicon carbide),
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etc., can be formed on the HDP layer 250 in order to form
a covering layer stack 261 or the local sealing element 280
(sealing plug). Applying the further (optional) covering
layer 270 can be carried out for example before or else after
structuring the layer sequence 260 comprising the CVD
layer 240 and the HDP layer 250. The layer thickness D,
of the further covering layer 270 can be e.g. in a range of 0.1
to 0.5 um and be approximately 0.3 pm.

[0064] With regard to the production process 100 in FIGS.
la-14, it is pointed out that the first layer structure 210 can
also have a plurality of access openings 230 to the cavity
220, that is to say that the first layer structure 210 can be
extended (considerably) further in the x-z-plane in order to
form for example a first membrane of a MEMS microphone.
In accordance with one exemplary embodiment, when car-
rying out the CVD layer deposition 140 and the HDP layer
deposition 160, it is thus possible to hermetically seal the
plurality of access openings 230 through the first layer
structure 210 to the cavity 220, wherein the vacuum or high
vacuum can furthermore be configured in a manner corre-
sponding to the process pressure during the HDP deposition
process 160 in the cavity 220.

[0065] In accordance with one exemplary embodiment,
the layer arrangement 221 can also have a second layer
structure 224 (cf. FIG. 4), which is spaced apart from the
first layer structure 210, wherein the cavity 220 is arranged
at least in sections between the first and second layer
structures 210, 224, wherein the second layer structure 224
furthermore has at least one access opening 231 to the cavity
220. When carrying out the CVD deposition 140, a first
covering layer 240 having the layer thickness D,,, can
furthermore be formed on the second layer structure 224
having the at least one access opening 231, wherein, when
carrying out 160 the HDP layer deposition, a second con-
tinuous covering layer 250 can be formed on the first
covering layer 240 of the second layer structure 224.
[0066] In accordance with one exemplary embodiment,
the second layer structure 224 can have a plurality of further
access openings 231 to the cavity 220, wherein, when
carrying out 160 the HDP layer deposition, it is possible to
hermetically seal the plurality of further access openings 231
through the second layer structure 224 to the cavity 220 and
it is possible to form the atmospheric reduced pressure in the
cavity 220.

[0067] In accordance with one exemplary embodiment,
the layer arrangement 221 can be part of a MEMS compo-
nent 200 comprising a MEMS layer system 221 on a carrier
substrate 222 with a double-membrane arrangement 210,
224 and a counterelectrode structure 228 situated therebe-
tween. In accordance with one exemplary embodiment, the
MEMS component 200 can be configured as a vacuum
microphone.

[0068] Hereinafter, with reference to FIGS. 3a-3e, a
description will now be given of exemplary detail illustra-
tions, such as e.g. SEM images (SEM=Scanning Flectron
Microscope) or FIB images (FIB=Focus lon Beam), of the
access openings 230 to be sealed and of the sealing element
280 obtained during different sections of the production
method wo from FIGS. la-1d in accordance with one
exemplary embodiment. In order to simplify the description
of the geometric relationships, once again an X-y-z-coordi-
nate system is illustrated by way of example in FIGS. 3a-3e,
wherein the x-z-plane is oriented parallel to the main surface
region of the first layer structure 210, while the y-direction
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extends in the thickness direction of the first layer structure
210, i.e. perpendicularly to the x-z-plane, and thus repro-
duces the topography perpendicular to the x-z-plane.
[0069] FIG. 3a, then, shows a partial cross-sectional view
corresponding to method step 140 from FIG. 15, after the
application of the first covering layer 240 (CVD layer) on
the first layer structure 210 having the access opening 230.
FIG. 3a furthermore clearly reveals the “core” 240-A in the
form of the tapered region of the applied CVD layer 240 in
the center region 230-A within the through opening 230 in
the first layer structure 210. Furthermore, after the CVD
layer deposition 140 the overhanging section of the first
covering layer 240 over the edge region 230-B of the first
layer structure 210 with the resulting “core region” 240-A is
evident, which does not yet allow a hermetic sealing of the
cavity 220.

[0070] FIG. 34 then illustrates a detail view of the sealed
access opening 230 after carrying out the HDP layer depo-
sition in step 160 from FIG. 1c¢. As is evident from FIG. 35,
the core regions 240-A of the applied first covering layer
(CVD layer) 240 are hermetically sealed by the second
covering layer 250 (HDP layer) and the optional further
upper covering layer 270 (not shown in FIG. 35).

[0071] As is illustrated in FIG. 3¢, a so-called “photore-
sist” 262 or a mask can then be applied on those regions of
the layer stack 261 at which the individual local sealing
elements 280 are intended to be formed. In the illustration in
FIG. 3¢, the access opening 230 has an exemplary diameter
D55, of 850 nm.

[0072] FIG. 3d then illustrates the sealing elements 280
(sealing plugs) obtained after the structuring step 180 from
FIG. 1d, wherein that part of the layer stack 261 which is
situated outside the mask material was removed and the
local sealing elements 280 for hermetically sealing the
cavity 220 remain.

[0073] FIG. 3e shows once again a partial cross-sectional
view through a single sealing element 280, corresponding to
the illustration from FIG. 14, wherein layer sections com-
prising the CVD layer section 240, the HDP layer section
250 and the upper covering layer section 270 are evident.
[0074] A basic illustration of a MEMS component 200 in
the form of a double-membrane MEMS component, also
referred to as a double-membrane microphone or vacuum
microphone, will now be explained below with reference to
FIG. 4.

[0075] In accordance with one exemplary embodiment,
the MEMS component 200 (also referring to FIG. 1d)
comprises a layer arrangement 221 having a first layer
structure 210 and a cavity 220 arranged adjacent to the first
layer structure 210, wherein the first layer structure 210 has
at least one access opening 230 to the cavity 220, and
furthermore a structured covering layer stack 261 for form-
ing a local sealing element 280 at the through opening 230,
wherein the local sealing element 280 has a layer sequence
260 comprising a CVD layer 240 and an HDP layer 250. The
MEMS component 200 can be configured as a vacuum
microphone and comprise a MEMS layer system 221 on a
carrier substrate 222 with a double-membrane arrangement
210, 224 and a counterelectrode structure 228 situated
therebetween.

[0076] As is illustrated in FIG. 4, the double-membrane
MEMS component 200 comprises a layer arrangement 221
on a carrier substrate 222, wherein the layer arrangement
221 comprises a first and second membrane structure 210,
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224 spaced apart from one another, and a counterelectrode
structure 228 arranged therebetween, which is spaced apart
in each case from the first and second membrane structures
210, 224, and at least one mechanical connection element
241 between the first and second membrane structures 210,
224, which is mechanically coupled between the first and
second membrane structures 210, 224 and is mechanically
decoupled from the counterelectrode structure 228.

[0077] As is illustrated in FIG. 4, the sacrificial material
226 is maintained in the edge region 221-A, 221-B of the
layer arrangement 221 and is effective for example as a
mechanical bearing or support structure for the first and
second membrane structures 210, 224 and the counterelec-
trode structure 228 on the substrate 222. Furthermore, the
substrate 222 can have a cavity 220 for exposing the
movable section of the double-membrane structure 210, 224.
As is illustrated in FIG. 4, by way of example, the first and
second membrane structures 210, 224 can have an optional
segmentation 232. Furthermore, a so-called “ventilation or
equalization opening” 234 can be provided in the double-
membrane structure 210, 224 of the MEMS component 200.

[0078] The present concept is thus applicable to acoustic
MEMS sensors, such as e.g. MEMS microphones, wherein,
by way of example, a sequence of layers comprising mate-
rials, such as e.g. poly/mono-silicon, silicon nitride and
silicon oxide, is used in MEMS microphones. The silicon
oxide material is usually used as a sacrificial layer and is
etched out from a defined region of the MEMS microphone
at the end of the production process. For so-called “hermeti-
cally sealed double membrane microphones”, by way of
example, two movable membrane structures 210, 224 are
used, wherein an atmospheric reduced pressure is present in
the interspace or the cavity 220 between the two membranes
210, 224. In order to avoid a collapse or curving inward of
the membrane structures, the mechanical connection ele-
ments 241, which are also referred to as columns, are used
to maintain a fixed interspace between the two membrane
structures 210, 224.

[0079] As becomes clear from the illustration in FIG. 4,
the layer arrangement 221 furthermore comprises a second
layer structure 224, which is configured for example as a
second membrane of the MEMS microphone. The second
layer structure is thus arranged in a manner spaced apart
from the first layer structure 210, wherein the cavity 220 is
arranged (at least in sections) between the first and second
layer structures, and wherein the second layer structure has
at least one access opening or a plurality of access openings
231 to the cavity 220. In step 140 of carrying out the CVD
deposition, furthermore, a first covering layer 210 having the
layer thickness D,,, can be formed on the second layer
structure having the at least one access opening 231, and
wherein, in step 160 of carrying out the HDP layer deposi-
tion, a second continuous covering layer can be formed on
the first covering layer of the second layer structure in order
to hermetically seal the access opening or access openings
231 to the cavity 220 that is or are arranged in the second
layer structure 224.

[0080] Therefore, the above explanations referring to
FIGS. 1a-1b, FIG. 2 and FIGS. 3a-3e are equally applicable
to the hermetic sealing of further access openings in the
second layer structure to the cavity 220.

[0081] Exemplary embodiments of the present concept are
explained once again in different words hereinafter.
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[0082] The present concept for sealing an access opening
to a cavity is applicable to MEMS microphones, for
example, wherein highly sensitive MEMS microphones, i.e.
MEMS microphones having a high signal-to-noise ratio
(SNR), have a “vacuum cavity”, i.e. a cavity having a high
atmospheric reduced pressure. MEMS microphones that are
also referred to as vacuum microphones or double-mem-
brane microphones comprise two mechanically coupled
semiconductor membranes, e.g. silicon membranes,
arranged parallel, wherein a single counterelectrode (back-
plate) is arranged e.g. centrally between the two membranes.
A sacrificial material layer that makes it possible to construct
the MEMS structure by means of a plurality of application
and etching steps is removed at the end of the process for
producing the MEMS microphone through small access
openings, i.e. exposure openings or release openings, e.g. in
the upper membrane or else in both membranes, wherein a
relatively large cavity is obtained between the membrane
structures and the mechanical anchoring thereof at the edge
region of the layer structure of the MEMS sensor.

[0083] In order to obtain a vacuum microphone (double-
membrane microphone), for example, it is necessary to
evacuate and hermetically seal or close the cavity to the
greatest possible extent, in order to avoid any superfluous
damping of the moving membrane structures during sound
detection. However, the sealing or closure process should
not have any adverse effects on the properties and function-
ality of the MEMS microphone, in particular the function-
ality or robustness of the membrane structures.

[0084] MEMS cavities are usually sealed under atmo-
spheric pressure or relatively low reduced pressure. Mate-
rials used for sealing the cavities vary on the basis of the
application process, e.g. silicon oxide (TEOS, BPSG, SiOx,
. .. ), silicon nitride (LPCVD, CVD), aluminum, tungsten
(PVD, CVD, growth epitaxy), or use polymer material or
films, depending on the requirements made in respect of the
functionality, reliability, environmental influences and pro-
cess complexity. However, none of the processes mentioned
can offer a hermetic sealing of through openings in a thin
semiconductor membrane (e.g. silicon membrane) above a
large cavity, without impairing the properties or functional-
ity of the resulting MEMS sensor.

[0085] In accordance with exemplary embodiments, a
MEMS microphone comprising two movable membrane
structures, between which a relatively rigid counterelectrode
is arranged in a cavity, will be able to carry out sound
detection virtually without damping if the interspace or the
cavity between the membrane and the counterelectrode is
situated in a cavity under a high vacuum. In order to produce
the cavity, a sacrificial layer is typically applied in order to
produce the structure of the MEMS component, wherein
said sacrificial layer is removed or etched by means of a wet
etching or vapor etching process generally through small
holes, such as e.g. access openings, in the envelope of the
cavity. In this case, it is all the more advantageous, the
further the number, size and at least the width in a dimension
of the openings at the surface of the cavity can be reduced
or minimized. For thin membrane clements, by way of
example, an aspect ratio of approximately 0.5 between the
width or the diameter of the through openings of up to 1 pm
and the depth of the through opening, i.e. the thickness of the
membrane layer, of approximately 0.5 pum is present. If the
membrane is then evacuated, i.e. a vacuum is produced as
much as possible, and said vacuum is maintained as much as
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possible by hermetically sealing the cavity, any damping of
the moving membrane elements during sound detection can
be avoided.

[0086] In accordance with exemplary embodiments, the
sealing or closure process can be carried out without impair-
ing the properties of the MEMS microphone, in particular
the functionality or robustness of the membrane elements,
wherein the resulting MEMS microphone can furthermore
be subjected to typical ambient conditions for microphones
during use in mobile applications.

[0087] In accordance with one exemplary embodiment, a
sealing process is then carried out under a high vacuum with
a reliable sealing material, wherein furthermore this process
of filling the access openings to the cavity, which have no
“base”, is carried out such that substantially no or only an
insignificant amount of the sealing material is applied within
the cavity. In accordance with exemplary embodiments, the
method for sealing an access opening to a cavity involves
firstly sealing the access opening to the greatest possible
extent by applying a material by means of a CVD deposition
process, by producing a material overhang at the edge of the
access opening with the applied CVD layer material, which
is followed by an HDP layer deposition process, which is in
turn subdivided into two substeps, comprising a deposition
component (first substep) and a sputtering component (sec-
ond substep).

[0088] Firstly, the first substep involves carrying out a
liner deposition, which is carried out substantially without
backsputtering power (without bias), wherein the good edge
coverage of the liner material is utilized during the HDP
deposition process. The second substep involves partly
backsputtering both the applied liner material layer and the
first covering layer (CVD layer) in the region above the
through opening without a liner material application, since
the backsputtering in the HDP process is effective in par-
ticular in the region of beveled edges, i.e. in the core region
of the CVD layer above the access opening to be sealed.
[0089] This process is then coordinated to the effect of
closing the core or the “heart” in the center of the opening
of the previously applied CVD layer. Since the HDP process
is a high-vacuum process, a very low pressure is ensured in
the cavity since this is the process pressure. An (optional)
final sealing layer can be implemented from the top side for
example directly after the HDP deposition process or else
later after the structuring of the applied CVD and HDP
layers, i.e. of the sealing layer stack or of the sealing layer.
[0090] In accordance with exemplary embodiments, the
access openings (holes) to the cavity are sealed under a high
vacuum during the HDP process, thus resulting in the
correspondingly high vacuum in the cavity. Furthermore, an
extremely small proportion of the applied material is applied
within the cavity during the CVD and HDP deposition, with
the result that any change in the functionality of the mem-
branes or counterelectrode of the MEMS microphone can be
prevented or avoided. Furthermore, the separately arranged,
small sealing elements at the respective layer structure, e.g.
at the upper and/or lower membrane, do not impair the
functionality of the resulting sensor, i.e. of the MEMS
microphone (vacuum microphone). The respective position
and the number of the sealing elements (sealing plugs) thus
depend on the process used to remove the sacrificial material
from the region within the cavity.

[0091] Inaccordance with exemplary embodiments, there-
fore, a robust, reliable and cost-effective solution is obtained
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for closing and hermetically sealing an opening or an access
opening having small sidewalls and no underside (base)
under vacuum without a significant proportion of the appli-
cation material depositing within the cavity. This is carried
out in accordance with exemplary embodiments by means of
a combination of a CVD deposition process and the “modi-
fied” HDP deposition process with the two separate substeps
for liner material deposition and for backsputtering.

[0092] Exemplary embodiments for sealing an access
opening to a cavity are applicable for example to MEMS
microphones, but also to any other MEMS elements or
MEMS sensors that require a hermetically sealed vacuum
cavity.

[0093] Additional exemplary embodiments and aspects of
the invention are described, which can be used individually
or in combination with the features and functionalities
described herein.

[0094] In accordance with a first aspect, a method wo for
sealing an access opening 230 to a cavity 220 can comprise
the following steps: providing 120 a layer arrangement 221
having a first layer structure 210 and a cavity 220 arranged
adjacent to the first layer structure 210, wherein the first
layer structure 210 has an access opening 230 to the cavity
220, carrying out 140 a CVD layer deposition for forming a
first covering layer 240 having a layer thickness D, ,, on the
first layer structure 210 having the access opening 230, and
carrying out 160 an HDP layer deposition with a first and
second substep for forming a second covering layer 250 on
the first covering layer 240, wherein the first substep
involves depositing a liner material layer 250 on the first
covering layer 240, wherein the second substep involves
partly backsputtering the liner material layer 250 and fur-
thermore the first covering layer 240 in the region 230-A of
the access opening 230, and wherein the first and second
substeps are carried out alternately and repeatedly a number
of times.

[0095] In accordance with a second aspect referring to the
first aspect, in the method 100, when carrying out 160 the
HDP layer deposition, the access opening 230 through the
first layer structure 210 to the cavity 220 can be hermetically
sealed at an atmospheric reduced pressure and a cavity 220
having an atmospheric reduced pressure can be obtained.

[0096] In accordance with a third aspect referring to the
first aspect, in the method 100, the process parameters of the
HDP layer deposition can be set such that in the first substep
and at least reduced sputtering power is set in order to carry
out the liner material layer deposition, and in the second
substep the composition of the process gas used is set in
order to carry out the backsputtering with an at least reduced
material application.

[0097] In accordance with a fourth aspect referring to the
third aspect, in the method 100, the process parameters of
the HDP layer deposition can be set such that the first
substep is carried out without sputtering power, and the
second substep is carried out without material application.

[0098] In accordance with a fifth aspect referring to the
first aspect, in the method 100, the access opening 230 can
have a diameter D,;,, and the layer thickness D,,, of the
applied first covering layer 240 can be chosen in order to
obtain a size ratio D,,,/D,;, between the layer thickness
D, of the first covering layer 240 and the inner minimum
diameter D, of the access opening which is in the range of
between 0.3 and 1.0, and is approximately 0.5.
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[0099] In accordance with a sixth aspect referring to the
first aspect, in the method 100, the access opening 230 can
be configured as a regular convex polygon.

[0100] Inaccordance with a seventh aspect referring to the
first aspect, the method 100 can furthermore comprise the
following step: applying a further seal layer 270 on the
second covering layer 250 in order to form a covering layer
stack 261.

[0101] Inaccordance with an eighth aspect referring to the
seventh aspect, the method 100 can furthermore comprise
the following step: structuring the covering layer stack 261,
in order to form a local sealing element 280 at the access
opening 230.

[0102] In accordance with a ninth aspect referring to the
first aspect, in the method 100, the first layer structure 210
can have a plurality of access openings 230 to the cavity 220,
wherein, when carrying out 160 the HDP layer deposition,
the plurality of access openings 230 through the first layer
structure 210 to the cavity 220 are hermetically sealed and
the atmospheric reduced pressure is formed in the cavity
220.

[0103] In accordance with a tenth aspect referring to the
first aspect, in the method 100, the layer arrangement 221
can have a second layer structure 224, which is spaced apart
from the first layer structure 210, and the cavity 220 can be
arranged at least in sections between the first and second
layer structures 210, 224, wherein the second layer structure
224 furthermore has at least one access opening 231 to the
cavity 220, wherein, when carrying out the CVD layer
deposition 140, furthermore a first covering layer 240 hav-
ing the layer thickness D,,, is formed on the second layer
structure 224 having the at least one access opening 231, and
wherein, when carrying out 160 the HDP layer deposition,
a second continuous covering layer 250 is formed on the first
covering layer 240 of the second layer structure 224.
[0104] In accordance with an eleventh aspect referring to
the tenth aspect, in the method 100, the second layer
structure 224 can have a plurality of further access openings
231 to the cavity 220, wherein, when carrying out 160 the
HDP layer deposition, the plurality of further access open-
ings 231 through the second layer structure 224 to the cavity
220 are hermetically sealed and the atmospheric reduced
pressure is formed in the cavity 220.

[0105] Inaccordance with a twelfth aspect referring to the
first aspect, in the method 100, the layer arrangement 221
can be part of a MEMS component 200 having a MEMS
layer system 221 on a carrier substrate 222 with a double-
membrane arrangement 210, 224 and a counterelectrode
structure 228 situated therebetween.

[0106] In accordance with a thirteenth aspect referring to
the twelfth aspect, in the method 100, the MEMS component
200 can be configured as a vacuum microphone.

[0107] In accordance with a fourteenth aspect referring to
the first aspect, in the method 100, when carrying out 160 the
HDP layer deposition, furthermore an initial step can be
carried out before the first substep, wherein the initial step
involves partly backsputtering the first covering layer 240 in
the region 230-A of the access opening 230.

[0108] In accordance with a fifteenth aspect referring to
the fourteenth aspect, in the method 100, the process param-
eters of the HDP layer deposition can be chosen so as to set
the composition of the process gas used in the initial step
such that the backsputtering is carried out with an at least
reduced material application.
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[0109] In accordance with a sixteenth aspect referring to
the fifteenth aspect, in the method 100, the process param-
eters of the HDP layer deposition can be set such that the
initial step is carried out without material application.
[0110] In accordance with a seventeenth aspect, a MEMS
component 200 can have the following features: a layer
arrangement 221 having a first layer structure 210 and a
cavity 220 arranged adjacent to the first layer structure 210,
wherein the first layer structure 210 has an access opening
230 to the cavity 220, and a structured covering layer stack
260; 261 for forming a local sealing element 280 at the
access opening 230, wherein the local sealing element 280
has a layer sequence comprising a CVD layer 240 and an
HDP layer 250.

[0111] Inaccordance with an eighteenth aspect referring to
the seventeenth aspect, in the MEMS component 200, the
MEMS component can be configured as a vacuum micro-
phone and can have a MEMS layer system 221 on a carrier
substrate 222 with a double-membrane arrangement 210;
224 and a counterelectrode structure 228 situated therebe-
tween.

[0112] While exemplary embodiments are suitable for
various modifications and alternative forms, accordingly
exemplary embodiments of same are shown by way of
example in the figures and described thoroughly here. It goes
without saying, however, that the intention is not to limit
exemplary embodiments to the specific forms disclosed,
rather on the contrary the exemplary embodiments are
intended to cover all modifications, counterparts and alter-
natives that fall within the scope of the disclosure. Through-
out the description of the figures, identical reference signs
refer to identical or similar elements.

[0113] It goes without saying that if one element is des-
ignated as “connected” or “coupled” to another element, it
can be connected or coupled directly to the other element or
intermediate elements can be present. If, in contrast, one
element is designated as “connected” or “coupled”
“directly” to another element, no intermediate elements are
present. Other expressions used for describing the relation-
ship between elements should be interpreted in a similar way
(e.g. “between” vis a vis “directly between”, “adjacent” vis
a vis “directly adjacent” etc.).

[0114] It furthermore goes without saying that if one
element is designated as “arranged at, on, above, alongside,
below or beneath another element”, this element can be
arranged directly at, on, above, alongside, below or beneath
the other element or one or more intermediate elements can
be present. If, in contrast thereto, one element is designated
as arranged “directly” at, on, above, alongside, below or
beneath another element, no intermediate elements are pres-
ent. Furthermore, it is pointed out that the terms used “above
or vertically above, alongside, below, beneath, laterally and
vertically with respect to” refer to the relative arrangement
of different elements with respect to one another in relation
to the respectively illustrated plane of the drawing in the
different figures and should be understood in accordance
with the respective illustration.

[0115] Furthermore, the formulation “at least one” ele-
ment should be understood to mean that one element or a
plurality of elements can be provided.

[0116] The terminology used here is intended only to
describe specific exemplary embodiments and is not
intended to have a limiting effect for exemplary embodi-
ments. According to usage herein, the singular forms “a, an”
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and “the” are also intended to encompass the plural forms,
unless clearly indicated otherwise in the context. It further-
more goes without saying that the terms “comprises”, “com-
prising”, “have” and/or “having” in the usage herein indicate
the presence of indicated features, integers, steps, opera-
tions, elements and/or constituents, but do not exclude the
presence or addition of one or more other features, integers,
steps, operations, eclements, constituents and/or groups
thereof.

[0117] Unless defined otherwise, all terms used here (in-
cluding technical and scientific terms) have the same mean-
ing as is normally understood by a person of average skill in
the art in the field to which exemplary embodiments belong.
Furthermore, it goes without saying that terms, e.g. those
defined in dictionaries normally used, should be interpreted
as having a meaning which corresponds to their meaning in
the context of the corresponding technical area. However, if
the present disclosure gives a term a specific meaning that
deviates from a meaning such as is normally understood by
a person of average skill in the art, said meaning should be
taken into account in the specific context in which this
definition is given.

[0118] In the description below, the description of an
element composed of a semiconductor material means that
the element comprises a semiconductor material, i.e. is
formed at least partly or else completely from the semicon-
ductor material.

[0119] Although some aspects have been described in
association with a method for producing a buried cavity
structure in a monocrystalline semiconductor substrate, it
goes without saying that these aspects also constitute a
description of the corresponding device for producing a
buried cavity structure in a monocrystalline semiconductor
substrate, such that a method step or a feature of a method
step should also be understood as a corresponding block or
a component of a corresponding device. Some or all of the
method steps can be carried out by a hardware apparatus (or
using a hardware apparatus), such as using a microprocessor,
a programmable computer or an electronic circuit. In some
exemplary embodiments, some or a plurality of the most
important method steps can be carried out by such an
apparatus.

[0120] Inthe detailed description above, in some instances
different features have been grouped together in examples in
order to rationalize the disclosure. This type of disclosure
ought not be interpreted as the intention that the claimed
examples have more features than are expressly indicated in
each claim. Rather, as represented by the following claims,
the subject matter can reside in fewer than all features of an
individual example disclosed. Consequently, the claims that
follow are hereby incorporated in the detailed description,
wherein each claim can be representative of a dedicated
separate example. While each claim can be representative of
a dedicated separate example, it should be noted that
although dependent claims refer back in the claims to a
specific combination with one or more other claims, other
examples also comprise a combination of dependent claims
with the subject matter of any other dependent claim or a
combination of each feature with other dependent or inde-
pendent claims. Such combinations shall be encompassed,
unless an explanation is given that a specific combination is
not intended. Furthermore, the intention is for a combination
of features of a claim with any other independent claim also



US 2019/0112182 Al

to be encompassed, even if this claim is not directly depen-
dent on the independent claim.

[0121] The exemplary embodiments described above
merely constitute an illustration of the principles of the
present exemplary embodiments. It goes without saying that
modifications and variations of the arrangements and details
described herein will be apparent to others skilled in the art.
Therefore, the intention is for the exemplary embodiments
to be restricted only by the scope of protection of the
following patent claims, and not by the specific details that
have been presented on the basis of the description and the
explanation of the exemplary embodiments herein.

What is claimed is:

1. A method for sealing an access opening to a cavity,
comprising the following steps:

providing a layer arrangement having a first layer struc-

ture and a cavity arranged adjacent to the first layer
structure, wherein the first layer structure has an access
opening to the cavity,

performing a CVD layer deposition for forming a first

covering layer having a layer thickness on the first layer
structure having the access opening, and

performing an HDP layer deposition with a first and

second substep for forming a second covering layer on
the first covering layer,

wherein the first substep comprises depositing a liner

material layer on the first covering layer,

wherein the second substep comprises partly backsput-

tering the liner material layer and furthermore the first

covering layer in a region of the access opening, and
wherein the first and second substeps are carried out

alternately and repeatedly a number of times.

2. The method as claimed in claim 1, wherein, when
performing the HDP layer deposition, the access opening
through the first layer structure to the cavity is hermetically
sealed at an atmospheric reduced pressure, and a cavity
having the atmospheric reduced pressure is obtained.

3. The method as claimed in claim 1, wherein process
parameters of the HDP layer deposition are set such that in
the first substep and at least reduced sputtering power is set
in order to perform the liner material layer deposition, and

in the second substep a composition of a process gas used

is set to perform the backsputtering with an at least
reduced material application.

4. The method as claimed in claim 3, wherein the process
parameters of the HDP layer deposition are set such that

the first substep is performed without sputtering power,

and

the second substep is performed without material appli-

cation.

5. The method as claimed in claim 1, wherein the access
opening has a diameter, and wherein the layer thickness of
the first covering layer is chosen in order to obtain a size
ratio between a layer thickness D,,, of the first covering
layer and an inner minimum diameter of the access opening
which is in the range of between 0.3 and 1.0.

6. The method as claimed in claim 1, wherein the access
opening is configured as a regular convex polygon.

7. The method as claimed in claim 1, further comprising
the following step:

applying a further seal layer on the second covering layer

to form a covering layer stack.

8. The method as claimed in claim 7, further comprising
the following step:

Apr. 18,2019

structuring the covering layer stack, to form a local

sealing element at the access opening.

9. The method as claimed in claim 1, wherein the first
layer structure has a plurality of access openings to the
cavity, wherein, when performing the HDP layer deposition,
the plurality of access openings through the first layer
structure to the cavity are hermetically sealed and an atmo-
spheric reduced pressure is formed in the cavity.

10. The method as claimed in claim 1, wherein the layer
arrangement has a second layer structure that is spaced apart
from the first layer structure, and wherein the cavity is
arranged at least in sections between the first and second
layer structures, wherein the second layer structure further-
more has at least one access opening to the cavity, and

wherein, when performing the CVD layer deposition, a

first covering layer having the layer thickness is formed
on the second layer structure having the at least one
access opening, and

wherein, when performing the HDP layer deposition, a

second continuous covering layer is formed on the first
covering layer of the second layer structure.

11. The method as claimed in claim 10, wherein the
second layer structure has a plurality of further access
openings to the cavity, and wherein, when performing the
HDP layer deposition, the plurality of further access open-
ings through the second layer structure to the cavity are
hermetically sealed and an atmospheric reduced pressure is
formed in the cavity.

12. The method as claimed in claim 1, wherein the layer
arrangement is part of a MEMS component having a MEMS
layer system on a carrier substrate with a double-membrane
arrangement and a counter electrode structure situated ther-
ebetween.

13. The method as claimed in claim 12, wherein the
MEMS component is configured as a vacuum microphone.

14. The MEMS component formed by the method of
claim 12.

15. The method as claimed in claim 1 wherein, when
performing the HDP layer deposition, an initial step is
carried out before the first substep, wherein the initial step
comprises partly backsputtering the first covering layer in
the region of the access opening.

16. The method as claimed in claim 15, wherein process
parameters of the HDP layer deposition are chosen to set a
composition of a process gas used in the initial step such that
the backsputtering is performed with an at least reduced
material application.

17. The method as claimed in claim 16, wherein the
process parameters of the HDP layer deposition are set such
that the initial step is carried out without material applica-
tion.

18. A MEMS component having the following features:

a layer arrangement having a first layer structure and a

cavity arranged adjacent to the first layer structure,
wherein the first layer structure has an access opening
to the cavity, and

a structured covering layer stack for forming a local

sealing element at the access opening, wherein the local
sealing element has a layer sequence comprising a
CVD layer and an HDP layer.

19. The MEMS component as claimed in claim 18,
wherein the MEMS component is configured as a vacuum
microphone and has a MEMS layer system on a carrier
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substrate with a double-membrane arrangement and a coun-
ter electrode structure situated therebetween.
20. A method of forming a MEMS component, the
method comprising:
forming a layer arrangement having a first layer structure
and a cavity arranged adjacent to the first layer struc-
ture, wherein the first layer structure has an access
opening to the cavity; and
forming a structured covering layer stack for forming a
local sealing element at the access opening, wherein the
local sealing element has a layer sequence comprising
a CVD layer and an HDP layer.
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