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(57) ABSTRACT

Described herein are methods and apparatuses for packaging
an ultrasound-on-a-chip. An ultrasound-on-a-chip may be
coupled to a redistribution layer and to an interposer layer.
Encapsulation may encapsulate the ultrasound-on-a-chip
device and first metal pillars may extend through the encap-
sulation and electrically couple to the redistribution layer.
Second metal pillars may extend through the interposer
layer. The interposer layer may include aluminum nitride.
The first metal pillars may be electrically coupled to the
second metal pillars. A printed circuit board may be coupled
to the interposer layer.
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METHODS AND APPARATUSES FOR
PACKAGING AN ULTRASOUND-ON-A-CHIP

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims the benefit under 35
U.S.C. § 119(e) of U.S. Provisional Application Ser. No.
62/694,810, filed Jul. 6, 2018, under Attorney Docket No.
B1348.70087US00 and entitled “METHODS AND APPA-
RATUSES FOR PACKAGING AN ULTRASOUND-ON-
A-CHIP.” which is hereby incorporated herein by reference
in its entirety.

FIELD

[0002] Generally, the aspects of the technology described
herein relate to ultrasound devices. Some aspects relate to
packaging an ultrasound-on-a-chip.

BACKGROUND

[0003] Ultrasound devices may be used to perform diag-
nostic imaging and/or treatment, using sound waves with
frequencies that are higher with respect to those audible to
humans. Ultrasound imaging may be used to see internal soft
tissue body structures, for example to find a source of
disease or to exclude any pathology. When pulses of ultra-
sound are transmitted into tissue (e.g., by using an ultra-
sound imaging device), 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 image. Many different types
of images can be formed using ultrasound devices, including
real-time images. For example, images can be generated that
show two-dimensional cross-sections of tissue, blood flow,
motion of tissue over time, the location of blood, the
presence of specific molecules, the stiffness of tissue, or the
anatomy of a three-dimensional region.

SUMMARY

[0004] According to at least one aspect, an apparatus is
provided. The apparatus comprises: an ultrasound-on-a-chip
comprising a top surface and a bottom surface; an interposer
layer comprising a top surface and a bottom surface; and a
redistribution layer; wherein: the top surface of the ultra-
sound-on-a-chip device is coupled to the redistribution
layer; and the bottom surface of the ultrasound-on-a chip
device is coupled to the top surface of the interposer layer.

[0005] According to at least one aspect, a method is
provided. The method comprises: coupling an interposer
layer comprising first metal pillars to a printed circuit board,
and coupling the interposer layer to a packaged ultrasound-
on-a-chip containing second metal pillars.

[0006] According to at least one aspect, a method is
provided. The method comprises: forming metal pillars in an
interposer layer; coupling the interposer layer to an ultra-
sound-on-a-chip; and forming a redistribution layer on the
ultrasound-on-a-chip.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Various aspects and embodiments will be described
with reference to the following exemplary and non-limiting
figures. It should be appreciated that the figures are not
necessarily drawn to scale. Items appearing in multiple
figures are indicated by the same or a similar reference
number in all the figures in which they appear.

[0008] FIGS. 1-37 illustrate cross-sections of various
structures during packaging of an ultrasound-on-a-chip
device using one process, in accordance with certain
embodiments described herein;

[0009] FIGS. 38-42 illustrate cross-sections of a various
structures during packaging of an ultrasound-on-a-chip
device using another process, in accordance with certain
embodiments described herein;

[0010] FIG. 43 illustrates an example process for packag-
ing an ultrasound-on-a-chip, in accordance with certain
embodiments described herein; and

[0011] FIG. 44 illustrates an example process for packag-
ing an ultrasound-on-a-chip, in accordance with certain
embodiments described herein.

DETAILED DESCRIPTION

[0012] Conventional ultrasound systems are large, com-
plex, and expensive systems that are typically only pur-
chased by large medical facilities with significant financial
resources. Recently, cheaper, portable, and less complex
ultrasound imaging devices have been introduced. Such
imaging devices may include ultrasonic transducers mono-
lithically integrated onto a single semiconductor die to form
a monolithic ultrasound device. Aspects of such ultrasound-
on-a chip devices are described in U.S. patent application
Ser. No. 15/415,434 titled “UNIVERSAL ULTRASOUND
DEVICE AND RELATED APPARATUS AND METH-
ODS,” filed on Jan. 25, 2017 (and assigned to the assignee
of the instant application), which is incorporated by refer-
ence herein in its entirety.

[0013] The inventors have recognized features that may be
helpful for packaging such ultrasound-on-a-chip devices
compared with other packaging methods such as wirebond-
ing. In particular, the inventors have recognized that inte-
grated fan-out (InFO) packaging and interposer layers aug-
mented with metal pillars may provide benefits for
packaging ultrasound-on-a-chip devices. Example benefits
include lower parasitic inductance and resistance, higher
efficiency, less heating, higher packaging throughput, and
improved packaging reliability. Additionally, such packag-
ing may enable devices to have smaller sensor heads, which
may be helpful for ultrasound imaging applications such as
cardiac applications where it may be desirable for the sensor
head to fit between ribs. Also, such packaging may enable
devices to have thinner lenses, which may increase signal
intensity.

[0014] It should be appreciated that the embodiments
described herein may be implemented in any of numerous
ways. Examples of specific implementations are provided
below for illustrative purposes only. It should be appreciated
that these embodiments and the features/capabilities pro-
vided may be used individually, all together, or in any
combination of two or more, as aspects of the technology
described herein are not limited in this respect.

[0015] FIGS. 1-37 illustrate cross-sections of various
structures during packaging of an ultrasound-on-a-chip
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device using one process, in accordance with certain
embodiments described herein. FIG. 1 illustrates a release
layer 104 coupled to a carrier substrate 106, and an insu-
lating layer 102 coupled to the release layer 104. The carrier
substrate 106 may include, for example, glass. The release
layer 104 may include, for example, light-to-heat-conver-
sion (LTHC) coating material. The insulating material 102
may include, for example, a polymer that can be patterned
with light exposure and developed, such as polyimide,
polybenzoxazole (PBO), or benzocyclobutene (BCB).
[0016] In FIG. 2, a metal layer 108 is formed on the
insulating layer 102. The metal layer 108 may be formed, for
example, using physical vapor deposition (PVD) or sputter-
ing. The metal layer 108 may include, for example, copper,
or in some embodiments, the metal layer 108 may include
two layers, such as a titanium layer coupled to the insulating
layer 102 and a copper layer coupled to the titanium layer.
[0017] InFIG. 3, a resist layer 110 is formed on the metal
layer 108. For example, the resist layer 110 may include
photoresist.

[0018] In FIG. 4, openings are formed in the resist layer
110. For example, light exposure through a lithography
mask followed by development may create openings in
portions of the resist layer 110 that were exposed to light
through the mask.

[0019] In FIG. 5, metal pillars 112 are formed in the
openings in the resist layer 110 using electroplating. The
metal layer 108 may serve as a seed layer for the electro-
plating. The metal pillars 112 may include the same material
as the metal layer 108, such as copper. It should be appre-
ciated that while four metal pillars 112 are shown, there may
be more metal pillars 112 (e.g., tens or hundreds) arranged
two-dimensionally.

[0020] In FIG. 6, the resist layer 110 is removed. For
example, a resist stripper may be used to remove the resist
layer 110. Portions of the metal layer 108 that were previ-
ously under unexposed portions of the resist layer 110 are
also removed. For example, an anisotropic etch may be used
to remove the metal layer 108, in which the metal layer 108
1s etched faster than the metal pillars 112.

[0021] FIG. 7 illustrates an ultrasound-on-a-chip 114
coupled to an insulating layer 116.

[0022] In FIG. 8, openings are created in the insulating
layer 116 (e.g., using photolithography).

[0023] In FIG. 9, a resist layer 118 is formed on the
insulating layer 116.

[0024] In FIG. 10, openings are created in the resist layer
118 (e.g., using photolithography), where the openings cre-
ated in the resist layer 118 extend into the openings created
in the insulating layer 116.

[0025] In FIG. 11, metal contacts 120 are formed within
the openings in the resist layer 118 and the insulating layer
116. For example, the metal contacts 120 may be formed by
electroplating, and may include copper or a copper alloy. In
some embodiments, an under-bump metallurgy layer (not
shown in FIG. 11) may be formed between the metal
contacts 120 and the ultrasound-on-a-chip 114.

[0026] In FIG. 12, the resist layer 118 is removed (e.g.,
using a resist stripper).

[0027] In FIG. 13, further insulating material is added to
the insulating layer 116 to cover the metal contacts 120.
[0028] In FIG. 14, a die-attach film (DAF) 122 is coupled
to the insulating layer 102.
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[0029] 1InFIG. 15, the ultrasound-on-a-chip 114 is coupled
to the die-attached film 122.

[0030] In FIG. 16, encapsulation 124 is formed to encap-
sulate the ultrasound-on-a-chip 114, the insulating layer 116,
the die-attach film 122, and the metal pillars 112. The
encapsulation 124 may include a molding compound, a
molding underfill, an epoxy, or a resin. The top surface of the
encapsulation 124 extends above the top surfaces of the
insulating layer 116 and the metal pillars 112.

[0031] In FIG. 17, the top surfaces of the encapsulating
124 and the insulating layer 116 are planarized until the top
surfaces of the top surfaces of the metal pillars 112 and the
metal contacts 116 are exposed. For example, chemical
mechanical planarization (CMP) may be used for the pla-
narization.

[0032] In FIG. 18, additional insulating material is added
to the insulating layer 116, such that the insulating layer 116
covers the top surfaces of the metal contacts 120 and the
metal pillars 112.

[0033] In FIG. 19, openings are created in the insulating
layer 116 above the metal contacts 120 and the metal pillars
112. For example, photolithography may be used to create
the openings.

[0034] In FIG. 20, redistribution lines (RDL) 126 are
formed in the openings in the insulating layer 116 and on the
insulating layer 116. As shown, the RDL 126 may electri-
cally connect certain of the metal contacts 120 to certain of
the metal pillars 122. The RDL 126 may include metal traces
and vias, may be formed using electroplating (including
formation of a seed layer not shown), and may include metal
such as aluminum, copper, tungsten, and/or alloys of these
metals. The RDL 126 may include multiple layers of metal
traces and vias.

[0035] In FIG. 21, additional insulating material is added
to the insulating layer 116 to cover the top surface of the
RDL 126.

[0036] InFIG. 22, the carrier substrate 106 and the release
layer 104 are detached from the insulating layer 102. For
example, projecting light (e.g., ultraviolet or laser) onto the
release layer 104 may decompose the release layer 104,
causing the release layer 104 and the carrier substrate 106 to
detach from the insulating layer 102. The surface of the
insulating layer 102 may also be cleaned to remove any
residue. The structure of FIG. 21 is flipped over to arrive at
the orientation of FIG. 22.

[0037] In FIG. 23, openings are created in the insulating
layer 102.
[0038] In FIG. 24, solder balls 128 are placed in the

openings in the insulating layer 102. In some embodiments,
the solder balls 128 may be formed by electroplating. In
some embodiments, other forms of electrical connectors
(e.g., metal pillars) may be formed in the openings. In some
embodiments, an under-bump metallurgy layer (not shown
in FIG. 24) may be formed between the solder balls 128 and
the metal pillars 112.

[0039] FIG. 25 illustrates a release layer 134 coupled to a
carrier substrate 136, an insulating layer 132 coupled to the
release layer 134, and an interposer layer 130 coupled to the
insulating layer 132. The interposer layer 130 may include,
for example, aluminum nitride.

[0040] In FIG. 26, openings are formed in the interposer
layer 130. For example, laser drilling may be used to form
the openings.
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[0041] In FIG. 27, a metal layer 138 is formed on the
interposer layer 130. The metal layer 138 may be formed, for
example, using sputtering. The metal layer 138 may include,
for example, copper, or in some embodiments, the metal
layer 138 may include two layers, such as a titanium layer
coupled to the interposer layer 130 and a copper layer
coupled to the titanium layer.

[0042] In FIG. 28, metal pillars 142 are formed in the
openings in the resist layer 130 using electroplating. The
metal layer 138 may serve as a seed layer for the electro-
plating. The metal pillars 142 may include the same material
as the metal layer 138, such as copper. It should be appre-
ciated that in addition to serving as electrical routing, the
metal pillars 142 may also help to strengthen the interposer
layer 130, which may be brittle.

[0043] InFIG. 29, aresist layer 140 is formed on the metal
layer 138 and the metal pillars 142.

[0044] In FIG. 30, the resist layer 140 is patterned (e.g.,
using photolithography) to block the top surfaces of the
metal pillars 142.

[0045] InFIG. 31, non-blocked portions of the metal layer
108 are etched to electrically isolate the metal pillars 142. In
some embodiments, instead of or in addition to using
photolithography to block the metal pillars 142, a timed etch
or an anisotropic etch may be used.

[0046] In FIG. 32, the resist layer 140 is removed (e.g.,
using resist stripper).

[0047] InFIG. 33, the carrier substrate 136 and the release
layer 134 are detached from the insulating layer 132.

[0048] In FIG. 34, openings are created in the insulating
later 132.
[0049] In FIG. 35, solder balls 144 are placed in the

openings in the insulating layer 132.

[0050] InFIG. 36, a thermal adhesive layer 150 is coupled
to the interposer layer 142. In some embodiments, the
thermal adhesive layer 150 may include a silver-containing
epoxy. The solder balls 144 are coupled to a printer circuit
board (PCB) 148. In some embodiments, surface-mount
technology (SMT) or flip-chip soldering may be used to
couple the solder balls 144 to the PCB 148. An underfill
(e.g., epoxy) layer 146 is formed between the insulating
layer 132 and the PCB 148.

[0051] In FIG. 37, the solder balls 128 are coupled to the
metal pillars 142. The metal pillars 112 are aligned with the
metal pillars 142. In some embodiments, surface-mount
technology (SMT) or flip-chip soldering may be used to
couple the solder balls 128 to the metal pillars 142. In the
final structure, the interposer may provide electrical routing
between the ultrasound-on-a-chip 114 and the PCB 148, as
well as a heatsink for the ultrasound-on-a-chip 114.

[0052] FIGS. 38-42 illustrate cross-sections of various
structures during packaging of an ultrasound-on-a-chip
device using another process, in accordance with certain
embodiments described herein. FIG. 38 illustrates the struc-
ture of FIG. 32.

[0053] In FIG. 39, the metal pillars 142 are extended
upwards using electroplating. As can be seen, the metal
pillars 142 extend beyond the top surface of the interposer
layer 130.

[0054] InFIG. 40, the ultrasound-on-a-chip 114 is coupled
to the interposer layer 130 through the die-attach film 122.
[0055] In FIG. 41, further insulating material is added to
the insulating layer 116. The encapsulation 124 is formed to
encapsulate the ultrasound-on-a-chip 114, the insulating
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layer 116, the die-attach film 122, and the metal pillars 142,
similar to in FIG. 16. The RDL 126 is formed, similar to in
FIGS. 18-21.

[0056] InFIG. 42, the carrier substrate 136 and the release
layer 134 are detached from the insulating layer 132, the
solder balls 144 are formed on the metal pillars 142, the
solder balls 144 are coupled to the PCB 148, and an underfill
layer 146 is formed between the insulating layer 132 and the
PCB 148, similar to in FIGS. 33-36.

[0057] Compared with the process of FIGS. 1-37, the
process of FIGS. 38-42 may enable the ultrasound-on-a-chip
114 to be bound to the interposer layer 130 in a semicon-
ductor foundry, where process control, quality, and yield
may be high. Additionally, while the process of FIGS. 1-37
may require simultaneous bonding of the solder balls 128 to
the metal pillars 142 and bonding of the insulating layer 102
to the thermal adhesive 150, the process of FIGS. 38-42 may
eliminate the thermal adhesive layer 150.

[0058] FIG. 43 illustrates an example process 4300 for
packaging an ultrasound-on-a-chip, in accordance with cer-
tain embodiments described herein. In act 4302, an inter-
poser layer containing metal pillars is coupled to a printed
circuit board. Act 4302 may correspond to the step illus-
trated in FIG. 36. In act 4304, the interposer layer is coupled
to a packaged ultrasound-on-a-chip containing metal pillars.
Act 4304 may correspond to the step illustrated in FIG. 37.
The interposer layer may be coupled to the packaged ultra-
sound-on-a-chip through a thermal adhesive layer.

[0059] FIG. 44 illustrates an example process 4400 for
packaging an ultrasound-on-a-chip, in accordance with cer-
tain embodiments described herein. In act 4402, metal
pillars are formed in an interposer layer. Act 4402 may
correspond to the steps illustrated in FIGS. 38-39. In act
4404, the interposer layer is coupled to an ultrasound-on-a-
chip. Act 4404 may correspond to the step illustrated in FIG.
40. In act 4406, a redistribution layer is formed on the
packaged ultrasound-on-a-chip. Act 4406 may correspond to
the step illustrated in FIG. 41.

[0060] Various aspects of the present disclosure 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.

[0061] The indefinite articles “a” and “an,” as used herein
in the specification and in the claims, unless clearly indi-
cated to the contrary, should be understood to mean “at least
one.”

[0062] The phrase “and/or,” as used herein in the speci-
fication and in the claims, should be understood to mean
“either or both” of the elements so conjoined, i.e., elements
that are conjunctively present in some cases and disjunc-
tively present in other cases. Multiple elements listed with
“and/or” should be construed in the same fashion, i.e., “one
or more” of the elements so conjoined. Other elements may
optionally be present other than the elements specifically
identified by the “and/or” clause, whether related or unre-
lated to those elements specifically identified. Thus, as a
non-limiting example, a reference to “A and/or B”, when
used in conjunction with open-ended language such as
“comprising” can refer, in one embodiment, to A only



US 2020/0013691 A1

(optionally including elements other than B); in another
embodiment, to B only (optionally including elements other
than A); in yet another embodiment, to both A and B
(optionally including other elements); etc.

[0063] As used herein in the specification and in the
claims, the phrase “at least one,” in reference to a list of one
or more elements, should be understood to mean at least one
element selected from any one or more of the elements in the
list of elements, but not necessarily including at least one of
each and every element specifically listed within the list of
elements and not excluding any combinations of elements in
the list of elements. This definition also allows that elements
may optionally be present other than the elements specifi-
cally identified within the list of elements to which the
phrase “at least one” refers, whether related or unrelated to
those elements specifically identified. Thus, as a non-limit-
ing example, “at least one of A and B” (or, equivalently, “at
least one of Aor B,” or, equivalently “at least one of A and/or
B”) can refer, in one embodiment, to at least one, optionally
including more than one, A, with no B present (and option-
ally including elements other than B); in another embodi-
ment, to at least one, optionally including more than one, B,
with no A present (and optionally including elements other
than A); in yet another embodiment, to at least one, option-
ally including more than one, A, and at least one, optionally
including more than one, B (and optionally including other
elements); etc.

[0064] 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.

[0065] As used herein, reference to a numerical value
being between two endpoints should be understood to
encompass the situation in which the numerical value can
assume either of the endpoints. For example, stating that a
characteristic has a value between A and B, or between
approximately A and B, should be understood to mean that
the indicated range is inclusive of the endpoints A and B
unless otherwise noted.

[0066] The terms “approximately” and “about” may be
used to mean within #+20% of a target value in some
embodiments, within +10% of a target value in some
embodiments, within 5% of a target value in some embodi-
ments, and yet within +2% of a target value in some
embodiments. The terms “approximately” and “about” may
include the target value.

[0067] Also, the phraseology and terminology used herein
is for the purpose of description and should not be regarded
as limiting. The use of “including,” “comprising,” or “hav-
ing,” “containing,” “involving,” and variations thereof
herein, is meant to encompass the items listed thereafter and
equivalents thereof as well as additional items.

[0068] Having described above several aspects of at least
one embodiment, it is to be appreciated various alterations,
modifications, and improvements will readily occur to those
skilled in the art. Such alterations, modifications, and
improvements are intended to be object of this disclosure.
Accordingly, the foregoing description and drawings are by
way of example only.
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What is claimed is:

1. An apparatus comprising:

an ultrasound-on-a-chip comprising a top surface and a

bottom surface;

an interposer layer comprising a top surface and a bottom

surface; and

a redistribution layer;

wherein:

the top surface of the ultrasound-on-a-chip device is
coupled to the redistribution layer; and

the bottom surface of the ultrasound-on-a chip device is
coupled to the top surface of the interposer layer.

2. The apparatus of claim 1, further comprising:

encapsulation encapsulating the ultrasound-on-a-chip

device; and

first metal pillars extending through the encapsulation and

electrically coupling to the redistribution layer.

3. The apparatus of claim 2, wherein the interposer layer
comprises second metal pillars extending through the inter-
poser layer.

4. The apparatus of claim 3, wherein the interposer layer
comprises aluminum nitride.

5. The apparatus of claim 3, wherein the first metal pillars
are electrically coupled to the second metal pillars.

6. The apparatus of claim 3, wherein the first metal pillars
are aligned with the second metal pillars.

7. The apparatus of claim 3, wherein solder balls electri-
cally couple the first metal pillars to the second metal pillars.

8. The apparatus of claim 2, further comprising a printed
circuit board coupled to the bottom surface of the interposer
layer.

9. The apparatus of claim 3, further comprising a printed
circuit board coupled to the bottom surface of the interposer
layer.

10. The apparatus of claim 9, wherein solder balls elec-
trically couple the second metal pillars to the printed circuit
board.

11. The apparatus of claim 1, wherein the ultrasound-on-
a-chip is coupled to the interposer layer through thermal
adhesive.

12. The apparatus of claim 1, further comprising:

encapsulation encapsulating the ultrasound-on-a-chip

device; and

metal pillars extending through the interposer layer and

the encapsulation and electrically coupled to the redis-
tribution layer.

13. The apparatus of claim 12, wherein the interposer
layer comprises aluminum nitride.

14. The apparatus of claim 11, further comprising a
printed circuit board coupled to the bottom surface of the
interposer layer.

15. The apparatus of claim 14, wherein solder balls
electrically couple the metal pillars to the printed circuit
board.

16. A method, comprising:

coupling an interposer layer comprising first metal pillars

to a printed circuit board; and

coupling the interposer layer to a packaged ultrasound-

on-a-chip containing second metal pillars.

17. The method of claim 16, wherein the packaged
ultrasound-on-a-chip device comprises:

encapsulation encapsulating the ultrasound-on-a-chip

device; and
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a redistribution layer coupled to the ultrasound-on-a-chip

device;

wherein the second metal pillars extend through the

encapsulation and are electrically coupled to the redis-
tribution layer.

18. The method of claim 16, wherein the first metal pillars
extend through the interposer layer.

19. The method of claim 16, wherein the interposer layer
comprises aluminum nitride.

20. The method of claim 16, wherein coupling the inter-
poser layer to the packaged ultrasound-on-a-chip comprises
electrically coupling the first metal pillars to the second
metal pillars.

21. The method of claim 16, wherein coupling the inter-
poser layer to the packaged ultrasound-on-a-chip comprises
aligning the first metal pillars with the second metal pillars.

22. The method of claim 16, wherein coupling the inter-
poser layer to the packaged ultrasound-on-a-chip comprises
electrically coupling the first metal pillars to the second
metal pillars through solder balls.

23. The method of claim 16, wherein coupling the inter-
poser layer to the printed circuit board comprises electrically
coupling the printed circuit board to the second metal pillars
through solder balls.
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24. The method of claim 16, wherein coupling the inter-
poser layer to the packaged ultrasound-on-a-chip comprises
coupling the interposer layer to the packaged ultrasound-
on-a-chip through thermal adhesive.

25. A method, comprising:

forming metal pillars in an interposer layer;

coupling the interposer layer to an ultrasound-on-a-chip;

and

forming a redistribution layer on the ultrasound-on-a-

chip.

26. The method of claim 25, wherein forming the metal
pillars in the interposer layer comprises forming the metal
pillars such that the metal pillars extend beyond a top surface
of the interposer layer.

27. The method of claim 25, further comprising encap-
sulating the metal pillars and the ultrasound-on-a-chip
device in encapsulation.

28. The method of claim 25, wherein the interposer layer
comprises aluminum nitride.

29. The method of claim 25, wherein forming the redis-
tribution layer comprises electrically coupling the redistri-
bution layer to the ultrasound-on-a-chip and the metal
pillars.
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