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GETTER TECHNOLOGY FOR MICROMACHINED ULTRASONIC
TRANSDUCER CAVITIES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit under 35 U.S.C. § 119(e) of U.S.
Provisional Patent Application Serial No. 62/760,887, filed November 13, 2018 under
Attorney Docket No. B1348.70120US00, and entitled “THIN FILM CAVITY GETTER
MATERIAL FOR MICROMACHINED ULTRASONIC TRANSDUCER DEVICES,”

which is hereby incorporated herein by reference in its entirety.
BACKGROUND

[0002] The present disclosure relates generally to micromachined ultrasonic transducers
and, more specifically, to a thin film getter material for use in micromachined ultrasonic

transducer cavities and transducer manufacturing techniques.

[0003] Ultrasound devices may be used to perform diagnostic imaging and/or treatment,
using sound waves with frequencies that are higher than those audible to humans. When
pulses of ultrasound are transmitted into tissue, sound waves are reflected off the tissue with
different tissues reflecting varying degrees of sound. These reflected sound waves may then
be recorded and displayed as an ultrasound image to the operator. The strength (amplitude)
of the sound signal and the time it takes for the wave to travel through the body provide

information used to produce the ultrasound images.

[0004] Some ultrasound imaging devices may be fabricated using micromachined
ultrasonic transducers, including a flexible membrane suspended above a substrate. A cavity
is located between part of the substrate and the membrane, such that the combination of the
substrate, cavity and membrane form a variable capacitor. When actuated by an appropriate
electrical signal, the membrane generates an ultrasound signal by vibration. In response to
receiving an ultrasound signal, the membrane is caused to vibrate and, as a result, generates

an output electrical signal.
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SUMMARY

[0005] In one aspect, a method of forming an ultrasonic transducer device includes
bonding a membrane to seal a transducer cavity with at least a portion of a getter material
layer being exposed, the getter material layer comprising a portion of a bilayer stack

compatible for use in damascene processing.

[0006] In another aspect, a method of forming an ultrasonic transducer device includes
forming a diffusion barrier layer over a substrate; forming a getter material layer over the
diffusion barrier layer; forming a metal electrode layer over a first portion of the getter
material layer; forming a transducer cavity over the metal electrode layer; and bonding a
membrane to seal the transducer cavity with at least a second portion of the getter material

layer being exposed.

[0007] In another aspect, a method of forming an ultrasonic transducer device includes
forming a bilayer stack over a substrate having a first metal layer therein, the bilayer stack
comprising a diffusion barrier layer and a getter material layer formed on the diffusion barrier
layer; patterning the bilayer stack; forming a first dielectric layer over the patterned bilayer
stack; patterning the first dielectric layer so as to expose first portions of the patterned bilayer
stack and a portion of the first metal layer, with second portions of the patterned bilayer stack
being protected by the patterned first dielectric layer; forming a second metal layer over the
first portions of the patterned bilayer stack, the portion of the first metal layer and the
patterned first dielectric layer, and planarizing the second metal layer and patterned first
dielectric layer; forming a bottom capping layer over the planarized second metal layer and
patterned first dielectric layer, and forming a transducer cavity sidewall layer over the bottom
capping layer; patterning the transducer cavity sidewall layer to define a transducer cavity;
removing a portion of the bottom capping layer and second portions of the patterned first
dielectric layer to expose the getter material layer; and bonding a membrane to seal the

transducer cavity.

[0008] In another aspect, an ultrasonic transducer device includes a substrate having a
first metal layer formed therein, the bilayer stack comprising a diffusion barrier layer and a

getter material layer formed on the diffusion barrier layer; a patterned bilayer stack formed
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above the first metal layer; a second metal layer formed on a first portion of the bilayer stack;
a bottom capping layer formed over the second metal layer; and a transducer cavity defined
over the bottom capping layer and a membrane that seals the transducer cavity; wherein a
portion of the bottom cavity layer has an opening formed therein so as to expose the getter

material layer corresponding to a second portion of the bilayer stack.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Various aspects and embodiments of the application will be described with
reference to the following figures. It should be appreciated that the figures are not
necessarily drawn to scale. Items appearing in multiple figures are indicated by the same

reference number in all the figures in which they appear.

[0010] FIG. 1A is a cross-sectional view of an exemplary micromachined ultrasonic

transducer device.

[0011] FIG. 1B is a cross-sectional view of an exemplary micromachined ultrasonic
transducer device having a delamination defect due to high cavity pressure during membrane

bonding.

[0012] FIG. 1C is a cross-sectional view of an exemplary micromachined ultrasonic

transducer device having a stuck cell defect due to stiction effects.

[0013] FIGS. 2-1 through 2-10 are a series of cross-sectional views illustrating an
exemplary process flow for forming a micromachined ultrasonic transducer device having a

thin film getter material according to an embodiment.

[0014] FIG. 3 is a flow diagram describing the exemplary process flow of FIGS. 2-1
through 2-10.

[0015] FIG. 4 is a top view of an example ultrasonic transducer device formed using the

process flow of FIGs. 2-1 through 2-10 and FIG. 3.
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DETAILED DESCRIPTION

[0016] The techniques described herein relate to fabrication of a thin film getter material

for micromachined ultrasonic transducer cavities.

[0017] One type of transducer suitable for use in ultrasound imaging devices is a
micromachined ultrasonic transducer (MUT), which can be fabricated from, for example,
silicon and configured to transmit and receive ultrasound energy. MUTs may include
capacitive micromachined ultrasonic transducers (CMUTSs) and piezoelectric micromachined
ultrasonic transducers (PMUTSs), both of which can offer several advantages over more
conventional transducer designs such as, for example, lower manufacturing costs and
fabrication times and/or increased frequency bandwidth. With respect to the CMUT device,
the basic structure is a parallel plate capacitor with a rigid bottom electrode and a top
electrode residing on or within a flexible membrane. Thus, a cavity is defined between the
bottom and top electrodes. In some designs (such as those produced by the assignee of the
present application for example), a CMUT may be directly integrated on an integrated circuit
that controls the operation of the transducer. One way of manufacturing a CMUT is to bond
a membrane substrate to an integrated circuit substrate, such as a complementary metal oxide
semiconductor (CMOS) substrate. This may be performed at temperatures sufficiently low to

prevent damage to the devices of the integrated circuit.

[0018] Referring initially now to FIG. 1A, there is shown a cross-sectional view of an
exemplary micromachined ultrasonic transducer device 100, such as a CMUT. The
transducer device 100 includes a substrate, generally designated by 102, (e.g., a
complementary metal oxide semiconductor (CMOS) substrate, such as silicon) having one or
more layers such as for example: CMOS circuits, wiring layers, redistribution layers,
insulation/passivation layers and one or more metal electrode layers that may serve as a
transducer bottom electrode. The substrate 102 (including transducer bottom electrode) may
have one or more insulating layers formed thereon, generally designated by layer 104. A
transducer cavity 105 is defined by lithographic patterning and etching of a support layer 106
that is formed on stack 104. The support layer 106 may be an insulating layer, such as SiO2
for example, the remaining portions of which provide a support surface to which a transducer

membrane 108 is bonded.
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[0019] During bonding of the transducer membrane 108 to the support layer 106, the
structure may be subject to relatively high pressures and/or exposed to one or more bonding
byproducts such as, for example, nitrogen, oxygen and water vapor. As a result, one possible
side effect of such processing is illustrated in FIG. 1B. As shown, high cavity pressures (e.g.,
on the order of about 10 atm or more) may result in delamination (indicated by arrow 110) of

the membrane 108 from the support layer 106.

[0020] In addition, during operation of the transducer device 100, whether in a transmit
mode and/or a receive mode, the transducer membrane 108 may come into physical contact
with the top of the stack 104 (i.e., the bottom surface of the cavity 105), as depicted in FIG.
1C. This position may be indicative of the so-called “collapse mode” of operation as known
in the art. A “collapse mode” (also used interchangeably with the term “collapsed mode”)
refers to a mode of transducer operation in which at least one portion of a micromachined
ultrasonic transducer membrane is mechanically fixed and at least one portion of the
membrane is free to vibrate based on a changing voltage differential between the electrode
and the membrane. On one hand, operating a micromachined ultrasonic transducer in
collapse mode may optimize the acoustic power (output pressure) produced by the
transducer. On the other hand, however, one side effect of a micromachined ultrasonic
transducer operating in collapse mode may be charge retention (also known as “charge
trapping”), wherein the membrane and/or the bottom cavity surface undesirably stores charge
or conducts leakage current. As a result, this charge retention may in turn undesirably alter
an applied voltage at which membrane collapse is induced during device operation. Another
possible side effect of collapse mode for the transducer 100 shown in FIG. 1C may be
stiction, which is associated with the amount of surface area of contact between the
membrane 108 and the bottom surface of the cavity 105 wherein the two surfaces

inadvertently stick to one another due to excess moisture present in the cavity 105 during

membrane bonding.

[0021] Accordingly, FIGS. 2-1 through 2-10 are a series of cross-sectional views
illustrating an exemplary process flow for forming a micromachined ultrasonic transducer
device having a thin film getter material according to an embodiment. In addition, FIG. 3 is a

flow diagram 300 describing the exemplary process flow of FIGS. 2-1 through 2-10. As will
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be illustrated in further detail below, not only does the thin film metal serve as a getter for
absorbing certain cavity gas species to maintain cavity pressure to a desired level, the
exemplary process flow is also capable of smoothly integrating with high-throughput metal

(e.g., copper) damascene processing techniques.

[0022] FIG. 2-1 illustrates a CMOS substrate 200, e.g., a complementary metal oxide
semiconductor (CMOS) substrate, such as silicon, having one or more layers (generally
designated by 202) such as for example: CMOS circuits, wiring layers, redistribution layers
and insulation/passivation layers. A metal layer 204 (e.g., copper) having a thickness of
about 1-2 microns (um) is formed on the layer(s) 202, with an interlevel dielectric (ILD)
layer 206 (e.g., Si02) formed over the metal layer 204 and layer(s) 202. The ILD layer 206
may have a thickness of about 1-2 pm. It should be appreciated that the various layers
depicted in FIG. 2-1 are not necessarily shown to scale, and in particular the layer(s) 202 of

CMOS substrate 200 may be thicker than the layers subsequently formed thereon.

[0023] As shown in FIG. 2-2 and indicated in block 302 of FIG. 3, a bilayer stack
comprising a diffusion barrier layer 208 and getter material layer 210 is deposited on the
structure of FIG. 2-1. In an embodiment, the diffusion barrier layer 208 may be formed from
a material such as tantalum nitride (TaN) having a thickness of about 8-12 nanometers (nm),
which is effective to resist copper diffusion during subsequent device processing. The getter
material layer 210 may be a thicker layer of getter material, such as Ta or Ti for example,
formed at a thickness of about 50-100 nm. Where Ta is the getter material of choice,
processing operations may be simplified in that the same chamber may be used to complete
the bilayer stack deposition (e.g., TaN deposition, followed by shutting off nitrogen into the

deposition chamber to form Ta getter material).

[0024] Referring to FIG. 2-3 and block 304 of FIG. 3, the bilayer stack 208/210 is
patterned (e.g., by photolithography and etching). The resulting pattern of bilayer stack
material may correspond to desired locations of a transducer bottom electrode material and
transducer cavity getter material. Following the patterning of the bilayer stack 208/210, an
ILD layer 212 is formed over the resulting structure, as shown in FIG. 2-4 and indicated in

block 306 of FIG. 3. The ILD layer 212 may be, for example, SiO2 formed at a thickness of
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about 300-800 nm, and may be a conformal layer with a resulting topography that

corresponds to the topography of the patterned bilayer stack 208/210.

[0025] As then shown in FIG. 2-5 and indicated in block 308 of FIG. 3, the ILD layer
212 is patterned (e.g., by photolithography and etching) with the bilayer stack 208/210
serving as an etch stop. The patterning of ILD layer 212 may also define a via 214 that
exposes a portion of the metal layer 204. Following patterning of the ILD layer, a damascene
metal plating operation is implemented over the structure, followed by planarization of the
excess metal as indicated in block 310 of FIG. 3 to form the structure shown in FIG. 2-6.
Plating may include forming a seed layer (not shown) and a metal layer 216 (e.g., copper)
initially formed to a thickness of about 1.5-2.5 um thick. A chemical mechanical polishing
(CMP) operation is then performed to polish the excess copper back and smooth out the
existing surface topography as shown in FIG. 2-6. The remaining metal layer 216 after CMP
may have a thickness of about 200-300 nm and, as also shown in FIG. 2-6, fills the via 214
that was formed in FIG. 2-5 so as to make electrical contact with the metal layer 204. In the
embodiment depicted, the region 217a of metal layer 216 that contacts metal layer 204
corresponds to a transducer bottom electrode (e.g., a donut shaped electrode), while the
regions 217b of metal layer 216 may correspond to bypass metal for the transducer.
However, it should be appreciated that since specific transducer bottom electrode patterns are
not the focus of the present disclosure, it is contemplated that the present embodiments may
also be implemented in conjunction with several other transducer electrode patterns and
designs including (but not limited to), multiple segment or ring electrodes, and additional

metal patterns used for other purposes besides bottom electrodes.

[0026] Proceeding to FIG. 2-7, the process continues with the formation of a bottom
cavity capping layer 218 and transducer cavity sidewall layer 220 as indicated in block 312 of
FIG. 3. The bottom cavity capping layer 218 may be a thin film layer such as aluminum
oxide (Al2O3) formed by atomic layer deposition (ALD) at a thickness of about 20-30 nm,
and the transducer cavity sidewall layer 220 may be SiO2 formed at a thickness of about 200-
300 nm. A transducer cavity 222 is then formed by patterning the transducer cavity sidewall

layer 220 as illustrated in FIG. 2-8 and indicated in block 314 of FIG. 3.
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[0027] Once the cavity etch is complete, another etch is performed to form openings 224
through the bottom cavity capping layer 218 and ILD layer 214 so as to expose portions of
the getter material layer 210, as illustrated in FIG. 2-9 and depicted in block 316 of FIG. 3.
Notably, the exposed portions of the getter material layer 210 correspond to particular
locations of the bilayer stack 208/210 that are not used for plating the metal layer 216 (i.e.,
locations protected by remaining ILD layer 210). Accordingly, when a membrane layer 226
is bonded to the transducer cavity sidewall layer 220 to seal the cavity 222 and define an
ultrasonic transducer 250, as shown in FIG. 2-10 and indicated in block 318 of FIG. 3, the
exposed getter material layer 210 may absorb certain cavity gas species and help maintain
cavity pressure at a desired level. Moreover, by incorporating the getter material with the
diffusion barrier layer 208 as part of a bilayer stack, the gettering process scheme is
advantageously incorporated with high-throughput damascene processing techniques. From
this point, additional processing as known in the art may continue to complete fabrication of
an ultrasonic transducer device. It should further be appreciated that although the illustrated
embodiments depict a single cavity for ease of illustration, any suitable number of cavities
and corresponding electrode structures may be formed (e.g., hundreds, thousands, tens of

thousands, etc.)

[0028] FIG. 4 illustrates a top view of an example ultrasonic transducer device 400 that
may be formed using the exemplary process flow embodiments described herein. As
illustrated, the transducer device 400 includes an array of individual transducers 250, such as
those described above. The specific number of transducers 250 shown in FIG. 4 should not
be construed in any limiting sense, and may include any number suitable for a desired
imaging application, which may be for example on the order of tens, hundreds, thousands,
tens of thousands or more. FIG. 4 further illustrates an example location of metal 402 that
may distribute an electrical signal to the membranes (upper electrodes) of the transducers

250.

[0029] It should be further appreciated that although the exemplary geometric structure
of this portion of the ultrasonic transducer 250 is generally circular in shape, other
configurations are also contemplated such as for example, rectangular, hexagonal, octagonal,

and other multi-sides shapes, etc.



WO 2020/102130 PCT/US2019/060826

[0030] The above-described embodiments can be implemented in any of numerous ways.
For example, the embodiments may be implemented using hardware, software or a
combination thereof. When implemented in software, the software code can be executed on
any suitable processor (e.g., a microprocessor) or collection of processors, whether provided
in a single computing device or distributed among multiple computing devices. It should be
appreciated that any component or collection of components that perform the functions
described above can be generically considered as one or more controllers that control the
above-discussed functions. The one or more controllers can be implemented in numerous
ways, such as with dedicated hardware, or with general purpose hardware (e.g., one or more
processors) that is programmed using microcode or software to perform the functions recited

above.

[0031] Various aspects of the present invention may be used alone, in combination, or in
a variety of arrangements not specifically discussed in the embodiments described in the
foregoing and is therefore not limited in its application to the details and arrangement of
components set forth in the foregoing description or illustrated in the drawings. For example,
aspects described in one embodiment may be combined in any manner with aspects described

in other embodiments.

[0032] Also, some aspects of the technology may be embodied as a method, of which an
example has been provided. The acts performed as part of the method may be ordered in any
suitable way. Accordingly, embodiments may be constructed in which acts are performed in
an order different than illustrated, which may include performing some acts simultaneously,

even though shown as sequential acts in illustrative embodiments.

[0033] Use of ordinal terms such as “first,” “second,” “third,” etc., in the claims to
modify a claim element does not by itself connote any priority, precedence, or order of one
claim element over another or the temporal order in which acts of a method are performed,
but are used merely as labels to distinguish one claim element having a certain name from
another element having a same name (but for use of the ordinal term) to distinguish the claim

elements.
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[0034] Also, the phraseology and terminology used herein is for the purpose of

nn

description and should not be regarded as limiting. The use of "including," "comprising,” or

9 el

containing,” “involving,” and variations thereof herein, is meant to encompass the

"<

"having,

items listed thereafter and equivalents thereof as well as additional items.

[0035] In the claims, as well as in the specification above, all transitional phrases such as

99 <l

containing,” “involving,” “holding,”

9 el b INTS EEINT3

“comprising,” “including,” “carrying,” “having,
“composed of,” and the like are to be understood to be open-ended, i.e., to mean including
but not limited to. Only the transitional phrases “consisting of” and “consisting essentially

of”” shall be closed or semi-closed transitional phrases, respectively.

10
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CLAIMS
What is claimed is:

1. A method of forming an ultrasonic transducer device, the method comprising:
bonding a membrane to seal a transducer cavity with at least a portion of a getter
material layer being exposed, the getter material layer comprising a portion of a bilayer stack

compatible for use in damascene processing.

2. The method of claim 1, wherein the bilayer stack comprises a diffusion barrier

layer and the getter material layer formed on the diffusion barrier layer.

3. The method of claim 2, wherein the diffusion barrier layer comprises tantalum

nitride (TaN), and the getter material layer comprises one of: tantalum (Ta) or titanium (T1).
4. The method of claim 1, further comprising:

patterning the bilayer stack and forming a metal layer on a first portion of the bilayer
stack, wherein the exposed portion of the getter material layer corresponds to a second

portion of the bilayer stack without the metal layer formed thereon.

5. The method of claim 4, further comprising exposing the exposed portion of the
getter material layer by forming an opening through a bottom capping layer and a dielectric

layer disposed over the second portion of the bilayer stack.

6. A method of forming an ultrasonic transducer device, the method comprising:
forming a diffusion barrier layer over a substrate;

forming a getter material layer over the diffusion barrier layer;

forming a metal electrode layer over a first portion of the getter material layer;
forming a transducer cavity over the metal electrode layer; and

bonding a membrane to seal the transducer cavity with at least a second portion of the

getter material layer being exposed.

11



WO 2020/102130 PCT/US2019/060826

7. The method of claim 6, wherein the diffusion barrier layer comprises tantalum

nitride (TaN), and the getter material layer comprises one of: tantalum (Ta) or titanium (T1).

8. The method of claim 6, further comprising:
patterning the getter material layer and the diffusion barrier layer;
forming a dielectric layer over the getter material layer and diffusion barrier layer;

patterning the dielectric layer to expose the first portion of the getter material layer;

and
forming the metal electrode layer over the first portion of the getter material layer.
9. The method of claim 8, wherein forming the metal electrode layer further
comprises:

plating the metal electrode layer over the first portion of the getter material layer and
the patterned dielectric layer; and

planarizing the plated metal electrode layer and patterned dielectric layer such that the
metal electrode layer covers the first portion of the getter material layer and the patterned

dielectric layer covers the second portion of the getter material layer.

10. The method of claim 9, further comprising:

forming a bottom capping layer over the planarized metal electrode layer and
patterned dielectric layer;

forming a transducer cavity sidewall layer over the bottom capping layer;

patterning the transducer cavity sidewall layer to define the transducer cavity; and

removing a portion of the bottom capping layer and portions of the patterned

dielectric layer to expose the second portion of the getter material layer.

11. A method of forming an ultrasonic transducer device, the method comprising:

forming a bilayer stack over a substrate having a first metal layer therein, the bilayer
stack comprising a diffusion barrier layer and a getter material layer formed on the diffusion
barrier layer;

patterning the bilayer stack;

12
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forming a first dielectric layer over the patterned bilayer stack;

patterning the first dielectric layer so as to expose first portions of the patterned
bilayer stack and a portion of the first metal layer, with second portions of the patterned
bilayer stack being protected by the patterned first dielectric layer;

forming a second metal layer over the first portions of the patterned bilayer stack, the
portion of the first metal layer and the patterned first dielectric layer, and planarizing the
second metal layer and patterned first dielectric layer;

forming a bottom capping layer over the planarized second metal layer and patterned
first dielectric layer, and forming a transducer cavity sidewall layer over the bottom capping
layer;

patterning the transducer cavity sidewall layer to define a transducer cavity;

removing a portion of the bottom capping layer and second portions of the patterned
first dielectric layer to expose the getter material layer; and

bonding a membrane to seal the transducer cavity.

12. The method of claim 11, wherein the bilayer stack comprises a diffusion barrier

layer and the getter material layer formed on the diffusion barrier layer.

13. The method of claim 12, wherein the diffusion barrier layer comprises tantalum

nitride (TaN), and the getter material layer comprises one of: tantalum (Ta) or titanium (T1).

14. The method of claim 12, wherein the diffusion barrier layer is formed at a
thickness of about 8-10 nanometers (nm), and the getter material layer at a thickness of about

50-100 nm.

15. The method of claim 11, wherein the bottom capping layer comprises aluminum

oxide (Al2O3) formed by atomic layer deposition (ALD).

16. The method of claim 15, wherein the bottom capping layer is formed at thickness

of about 20-30 nm.

17. An ultrasonic transducer device, comprising:
a substrate having a first metal layer formed therein, a bilayer stack comprising a

diffusion barrier layer and a getter material layer formed on the diffusion barrier layer;

13
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a patterned bilayer stack formed above the first metal layer;

a second metal layer formed on a first portion of the bilayer stack;

a bottom capping layer formed over the second metal layer; and

a transducer cavity defined over the bottom capping layer and a membrane that seals
the transducer cavity;

wherein a portion of the bottom cavity layer has an opening formed therein so as to

expose the getter material layer corresponding to a second portion of the bilayer stack.

18. The method of claim 17, wherein the bilayer stack comprises a diffusion barrier

layer and the getter material layer formed on the diffusion barrier layer.

19. The method of claim 18, wherein the diffusion barrier layer comprises tantalum

nitride (TaN), and the getter material layer comprises one of: tantalum (Ta) or titanium (T1).

20. The method of claim 18, wherein the diffusion barrier layer is formed at a
thickness of about 8-10 nanometers (nm), and the getter material layer at a thickness of about

50-100 nm.

21. The method of claim 17, wherein the bottom capping layer comprises aluminum

oxide (Al203).

22. A method of forming an ultrasonic transducer device, the method comprising:
sealing an ultrasonic transducer cavity by bonding a membrane to a substrate such
that a getter material layer of the substrate is exposed, the getter material layer comprising a

portion of a bilayer stack of damascene process materials.

14
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US 19/60826

Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:] Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. ‘:I Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
------- see Supplemental Box-----------

1. l:] As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. I:] As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. % No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
1-16, 22

Remark on Protest l:l The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 19/60826

A. CLASSIFICATION OF SUBJECT MATTER
IPC-  BO06B 1/02; B81C 3/00 (2020.010)

CPC -

BO6B 1/0215; BO6B 1/0292; B81C 3/001; BO6B 2201/51; B81B 2201/0271; B81B 2201/0292

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are inciuded in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2016/0362295 A1 (SEMICONDUCTOR MANUFACTURING INTERNATIONAL 1-7, 22
-- CORPORATION) 15 December 2016 (15.12.2016); para [0006], [0010], [0032}, {0035], [0038], | ----------
A [0043]-[0045], [0051]}-[0052], [0054], [0056]-[0061]; Figs. 6-7 8-16
Y US 2016/0280538 A1 (BUTTERFLY NETWORK, INC.) 29 September 2016 (29.09.2016); para |1-7, 22
- [0009], [0039], {0092], [0094)-[00%5) e
A 8-16
Y US 2010/0323469 A1 (BORTHAKUR et al.) 23 December 2010 (23.12.2010); para {0029] 3,7
A US 2016/0101976 A1 (TAIWAN SEMICONDUCTOR MANUFACTURING CO., LTD.) 14 April 8-16
2016 (14.04.2016); para [0026], [0044]

A US 2017/0143306 A1 (BUTTERFLY NETWORK, INC.) 25 May 2017 (25.05.2017); see entire 1-16, 22
document

A US 2009/0080292 A1 (WAGNER et al.) 26 March 2009 (26.03.2009); see entire document 1-186, 22

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“D” document cited by the applicant in the international application

“E” earlier application or patent but published on or after the international
filing date

“L” document which maz throw doubts on priority claim(s) or which
is cited to establish t qﬁpubllcanon date of another citation or other
special reason (as specified)

“Q” documentreferring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the apﬁhgatlon but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step

when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination

being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

07 February 2020

Date of mailing of the international search report

09 MAR 2020

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Lee Young

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)
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. ) International application No.
Information on patent family members PP

PCT/US 19/60826

Box lII (Lack of Unity):

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. For all inventions to be searched, the appropriate additional search fees must be paid.

Group I: Claims 1-16 and 22, directed to a method of forming an ultrasonic transducer device, the method comprising: (1) bonding a
membrane to seal a transducer cavity with at least a portion of a getter material layer being exposed, the getter material layer
comprising a portion of a bilayer stack compatible for use in damascene processing.

Group II: Claims 17-21, directed to an ultrasonic transducer device, comprising: (a) a substrate having a first metal layer formed therein,
a bilayer stack comprising a diffusion barrier layer and a getter material layer formed on the diffusion barrier layer; (b) a patterned bilayer
stack formed above the first metal layer; (c) a second metal layer formed on a first portion of the bilayer stack; (d) a bottom capping layer
formed over the second metal layer; and () a transducer cavity defined over the bottom capping layer and a membrane that seals the
transducer cavity; wherein a portion of the bottom cavity layer has an opening formed therein so as to expose the getter material layer
corresponding to a second portion of the bilayer stack.

The inventions listed as Groups -1l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features required to unify the inventions described in each group:

Special Technical Features:

Group |l requires a product comprising an ultrasonic transducer device, comprising: (a) a substrate having a first metal layer formed
therein, a bilayer stack comprising a diffusion barrier layer and a getter material layer formed on the diffusion barrier layer; (b) a
patterned bilayer stack formed above the first metal layer; (c) a second metal layer formed on a first portion of the bilayer stack; (d) a
bottom capping layer formed over the second metal layer; and (e) a transducer cavity defined over the bottom capping layer and a
membrane that seals the transducer cavity; wherein a portion of the bottom cavity layer has an opening formed therein so as to expose
the getter material layer corresponding to a second portion of the bilayer stack, none of which is required by Group .

Common Technical Features:

Groups | and !l share the common technical feature of bonding a membrane to seal the transducer cavity. However, these shared
technical features do not represent a contribution over prior art, because the shared technical feature is anticipated by US 2016/0280538
A1 to Butterfly Network, Inc. Butterfly Network, Inc. teaches methods of making transducers (Abstract, "Micromachined ultrasonic
transducers”) wherein a membrane is bonded to seal the transducer cavity (Abstract, "Wafer bonding may be used to fabricate sealed
cavities in a substrate;" para. {0039], "Accordingly, aspects of the present application implement low temperature (e.g., below 450C.)
wafer bonding to form ultrasonic transducer membranes on CMOS wafers.")

As the shared technical features were known in the art at the time of the invention, they cannot be considered special technical features
that would otherwise unify the groups. Therefore, Groups I-1l lack unity under PCT Rule 13.

Form PCT/ISA/210 (patent family annex) (July 2019)
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