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(57) Provided is a process for manufacturing a sound
transducer. The process comprises depositing a first
metal layer onto a substrate, applying a photo resist layer
to the first metal layer, exposing portions of the photo
resist layer to electromagnetic radiation, developing the
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photo resist layer, removing portions of the first metal
layer, wet etching portions of the substrate above which
the first metal layer has been removed, and depositing
a second metal layer onto the substrate.
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Description
FIELD
[0001] The present disclosure relates to sound trans-

ducers and a method for manufacturing sound transduc-
ers.

BACKGROUND

[0002] WO 01/97562 A2relates to capacitive microma-
chined ultrasonic transducers, cMUT. Each transducer
comprises a charged membrane plate capacitively op-
posing an oppositely charged base plate. The membrane
plate is distended toward the base plate by a bias charge.
The base plate includes a central portion elevated toward
the center of the membrane plate to cause the charge of
the transducer to be of maximum density at the moving
center of the membrane plate.

[0003] For harmonic operation, the drive pulses ap-
plied to the transducer are predistorted in consideration
of the nonlinear operation of the device to reduce con-
tamination of the transmit signal at the harmonic band.
The cMUTs can be fabricated by conventional semicon-
ductor processes and hence integrated with ancillary
transducer circuitry such as a bias charge regulator. The
cMUTs can also be fabricated by micro-stereolithogra-
phy whereby the transducers can be formed using a va-
riety of polymers and other materials.

SUMMARY

[0004] The presentinvention provides a sound trans-
ducer and a method of manufacturing a sound transduc-
er. The sound transducer provided by the present inven-
tion may be designed to emit/sense ultrasound/ultrasonic
waves/ultrasonic signals. Moreover, during manufactur-
ing and/or employment, the sound transducer may be
part of a sound transducer array.

[0005] The method comprises depositing a first metal
layer onto a substrate, applying a photo resist layer to
the first metal layer, exposing portions of the photo resist
layer to electromagnetic radiation, developing the photo
resist layer, removing portions of the first metal layer, wet
etching portions of the substrate above which the first
metal layer has been removed, and depositing a second
metal layer onto the substrate.

[0006] In this regard, the term "sound transducer", as
used throughout the description and the claims, particu-
larly refers to devices that are configured to convert elec-
tric energy to acoustic energy and/or acoustic energy to
electric energy. Moreover, the term "layer", as used
throughout the description and the claims, particularly
refers to a substantially homogeneous material with a
planar surface. Furthermore, the term "layer" as used
throughout the description and the claims, may also refer
to a homogeneous material that has been applied to dif-
ferent (discontinuous) zones on the surface of the sub-
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strate or a material stack (e.g., one or more layers
on/above the substrate), and has a substantially uniform
thickness.

[0007] In addition, the term "layer" as used throughout
the description and the claims, may also refer to a ho-
mogeneous material that has been applied to (zones on)
the surface of the substrate or the material stack in a
single (continuous) material deposition step, even if parts
of the homogeneous material are removed in a subse-
quent processing step. Thus, the term "layer", as used
throughout the description and the claims, has a twofold
meaning in that it can refer to geometric parameters of
a homogeneous material (i.e., homogeneous material in
form of a layer) and/or to the circumstances under which
the homogeneous material has been deposited (i.e., ho-
mogeneous material that coats (parts of) a structure/ma-
terial stack).

[0008] Moreover, the term "metal layer", as used
throughout the description and the claims, particularly
refers to a layer of a homogeneous material which con-
tains metal (e.g., material which is comprised of more
than 50%, more than 75%, more than 90%, or more than
99% metal). Furthermore, the term "substrate", as used
throughout the description and the claims, particularly
refers to a solid (usually planar) substance which serves
as a foundation for structures to be deposited thereon.
Typically, the substrate has a uniform thickness which is
larger than the thickness of a layer deposited on or above
the substrate and provides for structural robustness.
Moreover, the substrate may be cut into pieces upon sin-
gulation.

[0009] In addition, the term "photo resist", as used
throughout the description and the claims, particularly
refers to materials which are sensitive to electromagnetic
radiation and allow forming a patterned coating on a sur-
face. l.e., upon exposing areas of a photo resist surface
to electromagnetic radiation (e.g., while masking those
areas that are not to be exposed), the physical and/or
chemical properties of the photo resist can be changed.
The desired change in physical and/or chemical proper-
ties is such that upon application of a developer, the ex-
posed or unexposed areas of the photo resist can be
easily removed, while the remaining areas resist the de-
veloper and hence form a (patterned) coating on the sur-
face, on which the photo resist has been deposited.
[0010] |In this regard, the term "masking" as used
throughout the description and the claims, is to include
any means which avoids that an area or areas of the
photo resist surface are exposed to electromagnetic ra-
diation. For instance, masking may involve one or more
masks which block electromagnetic radiation. As an al-
ternative to masking (which is also envisaged by the
present invention), an optical device may be used which
allows subsequently focusing an electromagnetic beam
onto particular areas. However, the invention is not lim-
ited to any of the above exposure techniques and any
other means that allows for selective exposure may be
used instead.
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[0011] Moreover, the formulation "removing portions
of a layer", as used throughout the description and the
claims, particularly refers to (completely) removing layer-
material from one or more surface areas. Furthermore,
the formulation "wet etching", as used throughout the de-
scription and the claims, particularly refers to processes
that make use of liquid chemicals (etchants) to dissolve
material (e.g., by oxidizing the material) and remove the
dissolved (e.g., oxidized) material. In addition, the formu-
lation "depositing a layer", as used throughout the de-
scription and the claims, particularly refers to processes
that allow growing a material on (areas of) a surface such
as, for example, physical or chemical vapor deposition.
[0012] The above method is particularly useful in man-
ufacturing capacitive micromachined sound (e.g. ultra-
sonic) transducers based on photolithography and wet
etching, as the first metal layer provides an adhesion
layer which reduces/avoids delamination of the photo re-
sist layer during wet etching.

[0013] In an embodiment, the second metal layer may
be deposited onto a bottom of at least one cavity in the
substrate.

[0014] l.e. several capacitive micromachined sound
transducers may be manufactured in parallel on a com-
mon substrate.

[0015] In an embodiment, the at least one cavity may
be formed by the wet etching.

[0016] This allows manufacturing cavities with high
precision (e.g., sub-micron tolerances), which improves
the accuracy of the sound transducer(s).

[0017] In an embodiment, dimensions of the at least
one cavity may be larger than dimensions of a corre-
sponding opening in the first metal layer.

[0018] For instance, the length and the width (or the
diameter) of the opening may be smaller than the length
and the width (or the diameter) of the at least one cavity,
such that the first metal layer (and the photo resist above
the first metal layer) masks the deposition of the second
metal layer onto the bottom of the at least one cavity.
[0019] In an embodiment, the edge of the opening in
the first metal layer may protrude beyond and mask a
sidewall of the at least one cavity when depositing the
second metal layer onto the substrate.

[0020] Thus, the protruding edge may avoid that the
second metal layer extends along the sloped sidewalls
of the at least one cavity.

[0021] In an embodiment, the wet etching may com-
prise undercutting the substrate.

[0022] This may facilitate preventing that the second
metal layer extends along the sloped sidewalls of the at
least one cavity.

[0023] In an embodiment, the substrate may comprise
glass.
[0024] Accordingly, the effort/costs for sound trans-

ducer manufacturing may be reduced.

[0025] Inanembodimentthe firstmetal layer may com-
prise chromium or platinum.

[0026] This may furtherimprove the structural integrity
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of the layer stack during manufacturing.

[0027] Inan embodiment, the method further compris-
es removing the first metal layer and providing at least
one membrane above the at least one cavity.

[0028] Hence, a part of the membrane may be free to
move relative to the substrate.

[0029] In an embodiment, the at least one membrane
may comprise silicon.

[0030] For instance, the silicon membrane may be
bonded to the substrate and have a thickness/elasticity
that allows for a resonance frequency above 20 kHz.
[0031] Inan embodiment, the method further compris-
es depositing a third metal layer onto the at least one
membrane.

[0032] The third metal layer may serve as a second
electrode, while the second metal layer may serve a first
electrode of the transducer.

[0033] In an embodiment, the third metal layer com-
prises chromium or platinum.

[0034] Hence, the third metal layer can be used for
facilitating consecutive membrane patterning steps, as
the chromium/platinum may serve as an etch stop layer.
[0035] Inan embodiment, the method further compris-
es etching a portion of the membrane, wherein the third
metal layer serves as an etch-stop layer.

[0036] For example, a portion of the membrane on
which the third metal layer has not been deposited may
be removed by dry-etching while the portion of the mem-
brane on which the third metal layer has been deposited
may be protected from the etchant by the third metal lay-
er.

[0037] The sound transducer comprises a first elec-
trode, and a second electrode, wherein the first electrode
is arranged on a bottom of a cavity, the cavity being
formed in a glass substrate, the second electrode is ar-
ranged on a membrane, the membrane being placed
above and traversing the cavity, the first electrode com-
prises a first metal, and the second electrode comprises
a second metal.

[0038] In this regard, the term "electrode" as used
throughout the description and the claims, particularly
refers to metal layers which are connected to circuitry.
The circuitry may be arranged on the substrate and may
be connected to an energy source that powers the oper-
ation of the circuitry. The circuitry may be configured to
allow controlling the voltage between two electrodes to
excite the membrane to vibrations. Moreover, the circuit-
ry may be configured to sense a voltage or current be-
tween the electrodes.

[0039] In an embodiment, the second metal may be
different from the first metal.

[0040] In an embodiment, the first metal may be alu-
minum, copper, or gold and/or the second metal may be
chromium or platinum.

[0041] Inanembodiment, the sound transducer is con-
figured to emit and/or sense ultrasonic waves.

[0042] In this regard, the term "ultrasonic waves" as
used throughout the description and the claims, particu-
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larly refers to pressure waves with a wavelength in the
range of several centimeters and below.

[0043] It will be appreciated that the features and at-
tendant advantages of the disclosed sound transducer
may be realized by the disclosed method and vice versa.
Moreover, it is noted that throughout the description, fea-
tures in brackets are to be regarded as optional.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] The foregoing aspects and many of the attend-
ant advantages will become more readily appreciated as
the same becomes better understood by reference to the
following detailed description, when taken in conjunction
with the accompanying drawings, wherein like reference
numerals refer to like parts throughout the various views,
unless otherwise specified.

Fig. 1 shows a schematic cross-sectional view of a
substrate;

Fig. 2 illustrates the formation of an adhesion layer
on the substrate of Fig. 1;

Fig. 3 illustrates the formation of a photo resist layer
on the material stack of Fig. 2;

Fig. 4 illustrates the exposure of a portion of the photo
resist layer to electromagnetic radiation;

Fig. 5 illustrates developing the photo resist layer;
Fig. 6 illustrates etching the adhesion layer;

Fig. 7 illustrates wet etching a cavity into the sub-
strate;

Fig. 8 illustrates the formation of an electrode at the
bottom of the substrate;

Fig. 9 and Fig. 10 illustrate the removal of the devel-
oped photo resist layer and the adhesion layer;

Fig. 11 and 12 illustrate bonding a membrane to the
substrate;

Fig. 13 and Fig. 14 illustrate forming a second elec-
trode on the membrane;

Fig. 15 shows an array of sound transducers on a
wafer or chip;

Fig. 16 shows an array of sound transducers and
circuitry for operating the sound transducers;

Fig. 17 shows circuitry for operating a sound trans-
ducer array; and
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Fig. 18 shows a flow-chart of a process for manu-
facturing a sound transducer.

[0045] Notably, the drawings are not drawn to scale
and unless otherwise indicated, they are merely intended
to conceptually illustrate the structures and procedures
described herein.

DETAILED DESCRIPTION

[0046] Fig. 1 shows a schematic cross-sectional view
of a substrate 10. The substrate 10 may be a glass. The
glass may comprise boron and/or silicon. For example,
the substrate 10 may be a disc or a (rectangular) sheet
of borosilicate glass. As shown in Fig. 2 and Fig. 3, a
photo resist layer 12 may be deposited above the sub-
strate 10. In order to increase structural stability of the
material stack, a first metal layer 14 (which may serve
as an adhesion layer) may be arranged between the sub-
strate 10 and the photo resist layer 12. The adhesion
layer 14 may comprise a reactive metal such as chromi-
um or platinum or any other material which increases
adhesion between the substrate 10 and the photo resist
layer 12.

[0047] Fig. 4 illustrates the exposure of a portion 16a
of the photo resist layer 12 to electromagnetic radiation.
For example, the electromagnetic radiation may be
blocked from portions 16b, 16¢ of the photo resist layer
12 by a mask 18, while the portion 16a of the photo resist
layer 12 from which electromagnetic radiation is not
blocked is exposed to the electromagnetic radiation. Up-
on exposure of the portion 16a of the photo-resist layer
12 to electromagnetic radiation, the physical and/or
chemical properties of the exposed portion 16a may
change. The change in physical and/or chemical prop-
erties may be such thatthe exposed portion 16a becomes
soluble to a developer (solvent), e.g., an aqueous solu-
tion. Thus, after exposure to electromagnetic radiation,
it may be possible to wash the exposed portion 16a of
the photo resist layer 12 away by spraying said solution
onto the material stack or by immersing the material stack
into said solution.

[0048] In this regard, it is noted that Fig. 4 illustrates
the usage of a positive photo resist. However, the present
disclosure is not limited to the usage of a positive photo
resist. Rather, the present disclosure may also be prac-
ticed inthe context of a negative photoresist. Ifanegative
photo resist is used, the portion 16a may be masked and
the portions 16b, 16c may be exposed to electromagnetic
radiation. Moreover, as an alternative to masking the
photo resist layer 12, the photo resist layer 12 may be
selectively exposed to electromagnetic radiation by fo-
cusing an electromagnetic beam successively onto por-
tions 16a, 16b, 16¢ of the photo resist layer 12 which are
to be exposed.

[0049] Afterthe exposed portion 16a of the photo resist
layer 12 has been removed as shown in Fig. 5, the portion
of the first metal layer 14 below the removed portion 16a
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of the photo resist layer 12 may be removed. For exam-
ple, the portion of the first metal layer 14 below the re-
moved portion 16a of the photo resist layer 12 may be
removed by wet etching, such that an opening is formed
in the first metal layer 14 which is framed/encircled by
the edge 20 of the first metal layer 14, as shown in Fig. 6.
[0050] Afterremoving the portion of the first metal layer
14 below the removed portion of the photo resist layer
12, a cavity may be formed in the substrate 10. For ex-
ample, a wet etchant may be applied to the surface of
the substrate 10 which has been exposed by removing
the portion of the first metal layer 14. The wet etchant
may comprise hydrogen fluoride and/or nitric acid. In par-
ticular, the wet etchant may be an aqueous solution con-
taining hydrogen fluoride and nitric acid (e.g.,
HF:HNO3:H,0 = 4.4:200:200).

[0051] Ascan be seeninFig. 7, the first metal layer 14
may be resistant to the wet etchant while the substrate
material may be etched away. The wet etchant may not
only remove substrate material in the vertical direction
but may also remove substrate material in the horizontal
direction such that a cavity 22 is formed in the substrate
10 which extends below the edge 20 of the first metal
layer 14. Hence, the length and the width/the diameter
of the cavity 22 may be larger than the length and the
width/the diameter of the opening in the first metal layer
14. l.e., the sloped sidewall 24 of the cavity 22 may be
masked by the first metal layer 14 and the portions 16b,
16c¢ of the photo resist layer 12 above the first metal layer
14 (when viewed in a direction which is perpendicular to
the surface of the first metal layer 14).

[0052] By this, it can be prevented that a second metal
layer 26 which is deposited onto the substrate 10/onto
the bottom of the cavity 22 extends along the sloped side-
wall 24, as shown in Fig. 8. The deposition of the second
metal layer 26 may involve physical or chemical vapor
deposition. Moreover, the second metal layer 26 may
comprise a metal with high electric conductivity such as
aluminum, copper, or gold. Furthermore, the second met-
al layer 26 may comprise a conductive trace 28 formed
in a channel in the substrate 10. The channel may be
formed together with the cavity 22 by applying a wet etch-
antto exposed surface portions of the substrate 10. More-
over, the channel may also be formed before or after the
cavity 22 has been formed. The conductive trace 28 al-
lows employing the second metal layer 26 at the bottom
of the cavity 22 as a first electrode 26.

[0053] Fig. 9 and Fig. 10 illustrate the removal of the
developed photo resist layer 12 and the first metal layer
14 in a lift-off process. For instance, the developed photo
resist layer 12 may be removed by spraying acetone onto
the material stack or by immersing the material stack
(top-side down) into acetone. Following the removal of
the developed photo resist layer 12, the first metal layer
14 may be removed by dry or wet etching. After lift-off, a
silicon wafer 30 (e.g., an epitaxial silicon wafer 30) may
be anodically or adhesively bonded to the substrate 10,
as shown in Fig. 11. The silicon wafer 30 may comprise
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a silicon substrate 32, an oxide layer 34 and a (monoc-
rystalline) silicon membrane 36. The silicon substrate 32
may comprise boron. As shown in Fig. 12, the silicon
substrate 32 may be removed by dry or wet etching.
[0054] After removal of the silicon substrate 32, a sec-
ond electrode 38 may be formed on the membrane 36
by vapor deposition or sputtering. The forming of the sec-
ond electrode 38 may comprise depositing a third metal
layer 38 on a portion of the membrane 36 while masking
(e.g., using a shadow mask) other portions of the material
stack or coating the other portions with a photo resist
layer that is removed after deposition, as shown in Fig.
13. The third metal layer 38 may also serve as an etch-
stop layer when patterning the membrane 36, as shown
in Fig. 14. The patterning may involve dry etching (e.g.,
using inductive coupled plasma). In particular, the third
metal layer 38 may comprise platinum or chromium. After
patterning the membrane 36, the material stack may form
a capacitive sound transducer 40 which is ready for op-
eration upon connecting the first and second electrodes
26, 38 to suitable circuitry 42.

[0055] Thecircuitry 42 may apply an alternating current
acrossthe electrodes 26, 38 which excites the membrane
36 to vibrations. Depending on the physical properties of
the membrane 36 and the frequency of the alternating
current, the capacitive sound transducer 40 may produce
ultrasonic waves. Moreover, if sound waves (e.g., ultra-
sonic waves) are applied to the membrane 36 of the bi-
ased sound transducer 40, the circuitry 42 may sense an
alternating signal as the capacitance of the electrodes
26, 38 isvaried. Thus, the sound transducer 40 may allow
emitting and/or sensing sound waves.

[0056] As shown in Fig. 15, the sound transducer 40
may be arranged in an array of sound transducers 40 on
a wafer or chip 44. The wafer or chip 44 may comprise
the (glass) substrate 10 and the sound transducers 40
of the array (which may for example to several thousand
sound transducers 40) may be manufactured in parallel
(using the above-described process steps). Moreover,
as shown in Fig. 16, the circuitry 42 may be placed on
the top-side of the wafer or chip 44. For example, the
circuitry 42 may be flip-chip-packaged to the top-side of
the wafer or chip 44. Furthermore, as shown in Fig. 17,
the circuitry 42 may also be placed on the back-side of
the wafer or chip 44. For example, the circuitry 42 may
be flip-chip-packaged to the back-side of the wafer or
chip 44, while the electrodes 26, 38 may be connected
to the circuitry 42 through traces 28 and/or vias.

[0057] Fig. 18 shows a flow-chart of the process for
manufacturing the sound transducer 40. The process
starts with the step 46 of depositing the first metal layer
14 onto the substrate 10, as described in more detail in
relation to Fig. 1 and 2. The process is continued with
the step 48 of applying the photo resist layer 12 to the
first metal layer 14, as described in more detail in relation
to Fig. 3. After having applied the photo resist layer 12
to the first metal layer 14, portions of the photo resist
layer 12 are exposed to electromagnetic radiation in step
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50 and the photo resist layer 12 is developed in step 52,
as described in more detail in relation to Fig. 4 and Fig.
5. At step 54, portions of the first metal layer 14 are re-
moved and at step 56, portions of the substrate 10 above
which the first metal layer 14 has been removed are wet-
etched, as described in more detail in relation to Fig. 6
and Fig. 7. At step 56, the process concludes with de-
positing a second metal layer 26 onto the substrate 10,
as described in more detail in relation to Fig. 8.

[0058] The process may then be continued as de-
scribed in relation to Fig. 9 to Fig. 14. Hence, all aspects
described in relation to the (manufacturing of the) sound
transducer 40 also relate to the process, and vice versa.

LIST OF REFERENCE NUMERALS
[0059]
10 substrate

12 photo resist layer
14 first metal layer/adhesion layer

16a  photo resist layer (exposed portion)
16b  photo resist layer (unexposed portion)
16¢c  photo resist layer (unexposed portion)
18 mask

20 edge

22 cavity

24 sidewall

26 second metal layer/first electrode
28 conductive trace

30 wafer

32 substrate

34 oxide layer

36 membrane

38 third metal layer/second electode
40 sound transducer

42 circuitry

44 wafer or chip

46 process step

48 process step

50 process step

52 process step

54 process step

56 process step

58 process step

Claims

1. A method of manufacturing a sound transducer (40),
comprising:

depositing (46) a first metal layer (14) onto a
substrate (10);

applying (48) a photo resist layer (12) to the first
metal layer (14);

exposing (50) portions of the photo resist layer
(12) to electromagnetic radiation;
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10.

1.

12.

13.

developing (52) the photo resist layer (12);
removing (54) portions of the first metal layer
(14);

wet etching (56) portions of the substrate (10)
above which the first metal layer (14) has been
removed; and

depositing (58) a second metal layer (26) onto
the substrate (10).

The method of claim 1, wherein the second metal
layer (26) is deposited onto a bottom of at least one
cavity (22) in the substrate (10).

The method of claim 2, wherein the atleastone cavity
(22) is formed by the wet etching.

The method of claim 2 or 3, wherein dimensions of
the at least one cavity (22) are larger than dimen-
sions of a corresponding opening in the first metal
layer (14).

The method of claim 4, wherein the edge (20) of the
opening in the first metal layer (14) protrudes beyond
and masks a sidewall (24) of the at least one cavity
(22) when depositing the second metal layer (26)
onto the substrate (10).

The method of any one of claims 2 to 5, wherein the
wet etching comprises undercutting the substrate
(10).

The method of any one of claims 2 to 6, wherein the
substrate (10) comprises glass.

The method of any one of claims 2 to 7, wherein the
first metal layer (14) comprises chromium or plati-
num.

The method of any one of claims 2 to 8, further com-
prising:
removing the first metal layer (14) and providing at
least one membrane (36) above the at least one cav-
ity (22).

The method of claim 9, wherein the atleastone mem-
brane (36) comprises silicon.

The method of claim 9 or 10, further comprising:
depositing a third metal layer (38) onto the at least

one membrane (36).

The method of claim 11, wherein the third metal layer
(38) comprises chromium or platinum.

The method of claim 11 or 12, further comprising:

etching a portion of the membrane (36);
wherein the third metal layer (38) serves as an
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etch-stop layer.
14. A sound transducer (40), comprising:

a first electrode (26); and

a second electrode (38); wherein

the first electrode (26) is arranged on a bottom
of a cavity (22), the cavity (22) being formed in
a glass substrate (10);

the second electrode (38) is arranged ona mem-
brane (36), the membrane (36) being placed
above and traversing the cavity (22);

the first electrode (26) comprises a first metal;
and

the second electrode (38) comprises a second
metal.

15. The sound transducer (40) of claim 14, wherein the
second metal 11 is different from the first metal.

16. The sound transducer (40) of claim 14 or 15, wherein
the first metal is aluminum, copper, or gold; and/or
the second metal is chromium or platinum.
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