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Description
TECHNICAL FIELD

[0001] The disclosure relates to packages, and, more
particularly, to wafer-scale packages including a power
source and an electronic circuit.

BACKGROUND

[0002] The semiconductor and electronics industry us-
es material bonding techniques to bond different sub-
strates together during semiconductor/circuit fabrication.
Direct bonding is one type of bonding technique that is
frequently used to bond different materials together. Di-
rect bonding involves bonding different materials togeth-
er without the aid of a specific bonding agent such as,
for example, adhesive, wax, solder, or the like. Direct
bonding techniques may be used to form component
packages that house electrical components. A compo-
nent package may be useful to protect the electrical com-
ponents from different environmental conditions such as,
e.g., pressure changes, moisture, bodily fluids, or the like.
[0003] In some examples, component packages may
be placed in an oven after bringing the substrates of the
component package in close contact to cause covalent
bonds to form between the different substrates. Because
this heating process included in forming a direct bond
may involve heating the bond to an elevated temperature,
temperature-sensitive components of the package may
experience thermal damage when placed in a package
that is subsequently sealed using direct bonding tech-
niques. Moreover, because the process of forming a di-
rect bond may involve one or more cycles of heating and
cooling, mismatches between coefficients of thermal ex-
pansion for different substrates being bonded may cause
warping and thermal stress fractures to develop between
the different substrates. Warping and thermal stress frac-
tures may weaken the bond between the different sub-
strates and may reduce the hermeticity of a component
package formed using direct bonding techniques.
[0004] An example of a packaged device is described
in US 2010/262208.

SUMMARY

[0005] Apackageddeviceaccordingtothe presentdis-
closure may be configured for implantation in a patient
or external attachment to a patient. The packaged device
includes at least two substrates that are hermetically
bonded together such that the two substrates define an
enclosed cavity between the two substrates. A control
module is disposed within the enclosed cavity that is con-
figured to determine a physiological parameter of the pa-
tient and/or to provide electrical stimulation to the patient.
An energy storage device, such as a battery, is included
within the enclosed cavity and provides power to the con-
trol module.
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[0006] The packaged device may be fabricated at low
temperature from a variety of materials. In some exam-
ples, the packaged device may include semiconductor
and/or insulating substrates (e.g., silicon and/or glass).
The substrates may be bonded using a laser assisted
bonding technique that maintains a relatively low tem-
perature within the packaged device during bonding so
that the components in the packaged device may not be
thermally damaged. Additionally, the packaged device
produced using the low temperature bonding technique
may not incur stress fractures that may adversely affect
the hermeticity of the package.

[0007] In one aspect of the present invention, there is
provided a medical device as claimed in claim 1.

[0008] Inanotheraspectofthe presentinvention, there
is provided a method as claimed in claim 11.

[0009] The details of one or more examples are set
forth in the accompanying drawings and the description
below. Other features, objects, and advantages will be
apparent from the description and drawings, and from
the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

FIG. 1 shows a cross-sectional side view of a pack-
aged device that includes a planar substrate, a re-
cessed substrate, and various components.

FIG. 2 shows an example flowchart of a method for
fabricating the packaged device of FIG. 1.

FIGS. 3A-3D illustrate cross-sectional side views of
construction of the packaged device of FIG. 1.

FIG. 4 shows a cross-sectional side view of an alter-
native packaged device.

FIG. 5. shows an example flowchart of a method for
fabricating the alternative packaged device of FIG. 4.
FIGS. 6A-6D illustrate cross-sectional side views of
construction of the alternative packaged device of
FIG. 4.

FIG. 7 shows an example flowchart of a method for
bonding two substrates.

FIG. 8 shows a cross-sectional side view of a bond
between two substrates that does notinclude an ad-
ditional layer of material.

FIG. 9 shows a cross-sectional side view of a pack-
aged device that includes more than one die mount-
ed under an energy storage device.

FIGS. 10A-10C show cross-sectional side views of
example packaged devices including various ar-
rangements of adjacent devices.

FIGS. 11A-11C show cross-sectional side views of
example arrangements of devices that are fabricated
directly onto a substrate.

FIG. 11D shows a cross-sectional side view of an
example packaged device including stacked dice
and stacked energy storage devices.

FIG. 12 shows a cross-sectional side view of an en-
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capsulated packaged device.

FIGS. 13A-13E are functional block diagrams illus-
trating exemplary packaged devices thatinclude fea-
tures that may be included in packaged devices ac-
cording to the present disclosure.

FIGS. 14A-14B show cross-sectional side views of
example packaged devices including energy storage
devices fabricated in a recessed region of a sub-
strate.

DETAILED DESCRIPTION

[0011] As described herein, a hermetically sealed
packaged device includes various electronic compo-
nents housed within a package fabricated using two sub-
strates. In general, fabrication of the packaged devices
includes attaching the various components to one of the
substrates, then attaching the two substrates together
such that the various components are housed within a
cavity defined by the two substrates.

[0012] A packaged device of the present disclosure
may include a variety of different electrical components.
In one example, the packaged device may include one
or more integrated circuits. Integrated circuits may be
fabricated on one or more integrated circuit dice (e.g.,
silicon or glass) that are subsequently mounted in the
packaged device. Additionally, or alternatively, the pack-
aged device may include integrated circuits fabricated
directly onto one or both of the substrates, e.g., embed-
ded within or deposited onto the substrates.

[0013] The packaged device of the present disclosure
may also include an energy storage device. In some ex-
amples, the energy storage device may include a battery
(e.g., a solid state battery) and/or a capacitor. In exam-
ples where the energy storage device includes a battery,
the battery may be fabricated as a discrete component
and subsequently mounted within the packaged device.
In other examples, the battery may be fabricated directly
onto one or both of the substrates comprising the pack-
aged device. In examples where the energy storage de-
vice includes a capacitor, the capacitor may be fabricated
as a discrete component and subsequently mounted
within the package or may be fabricated directly onto one
or both of the substrates.

[0014] In some examples the packaged device may
include a charging component that charges the energy
storage device. By charging the energy storage device,
the useful lifetime of the packaged device may be ex-
tended and the volume of the packaged device may be
reduced. For example, when the energy storage device
includes a battery, the volume of the battery may be re-
duced when a charging component is included in the
packaged device since the battery may not be required
to store an initial energy for the lifetime of the device, but
may instead be recharged during the lifetime of the pack-
aged device. The charging component may include a pi-
ezoelectric device, betavoltaic device, or a photovoltaic
device, for example.
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[0015] The packaged device of the present disclosure
may include sensing components. For example, the
packaged device may include a motion sensor (e.g., an
inertial sensor) such as an accelerometer (e.g., one or
more axis), and/or a gyroscopic sensor. Additionally or
alternatively, the packaged device may include optical
sensors that include an optical emitter and receiver that
determine properties of the environment in which the
packaged device is present. Additionally, or alternatively,
the packaged device may include electrochemical sen-
sors that interact with body tissues to sense the environ-
ment in which the packaged device is present. The sens-
ing components, e.g., accelerometer, gyroscopic sensor,
electrochemical sensor, and/or optical transceiver, may
be fabricated directly onto one of the substrates that form
the packaged device and/or may be fabricated on one or
more dice that are subsequently mounted in the pack-
aged device.

[0016] In some examples, the packaged device may
include components used for communication with devic-
es external to the packaged device. For example, the
packaged device may include an antenna. The antenna
may be fabricated on a die (e.g., glass or semiconductor)
that is mounted within the package. Alternatively, or ad-
ditionally, the antenna may be fabricated on one of the
substrates of the packaged device. Alternatively, or ad-
ditionally, the antenna may be fabricated as a wirewound
coil and mounted on one of the substrates within the
package.

[0017] In some examples, the packaged device may
include passive components, e.g., integrated or discrete
passive components, such as resistors, capacitors, in-
ductors, etc. Additionally, or alternatively, in some exam-
ples the packaged device may include micro-electro-me-
chanical system (MEMS) components such as beams or
diaphragms.

[0018] The packaged device may also include conduc-
tive traces that interconnect components included in the
packaged device and that interface these components
to devices external to the packaged device. For example,
the packaged device may include one or more layers of
conductive traces that are deposited on or within one or
both substrates.

[0019] The packaged device may include one or more
package vias that extend from an inside of the packaged
device, through one or both of the substrates, to an out-
side surface of the packaged device. In one example,
the packaged device may be designed for implantation
into a patient as an implantable medical device, and the
components of the packaged device may sense physio-
logical electrical signals through the package vias and/or
provide electrical therapy to a patient through the one or
more of the vias. In other examples, the components of
the packaged device may communicate using an intra-
body communication (e.g., tissue conductance commu-
nication) to other devices located on or within the patient
through the package vias.

[0020] In some examples, the packaged device may
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be implanted in a patient or attached externally to a pa-
tient. When the packaged device is configured to be im-
planted in the body of a patient, the packaged device
may include an exterior coating that enhances biocom-
patibility of the packaged device for implantation, e.g.,
provides a greater biocompatibility than the materials
used as the substrate of the packaged device (e.g., glass
or silicon). For example, the exterior coating may include
atitanium coating that covers the outside of the packaged
device, excluding any electrodes that are external to the
packaged device. In another example, the exterior coat-
ing may include a silicone layer that covers the outside
of the packaged device, excluding any electrodes that
are external to the packaged device.

[0021] The packaged device may include a variety of
features depending on which components are included
in the packaged device. The components (e.g., integrat-
ed circuits) of the packaged device may measure phys-
iological parameters of a patient. For example, the com-
ponents may measure physiological parameters of the
patient using the accelerometer, gyroscopic sensor and
optical transceiver. Additionally, or alternatively, the com-
ponents may measure physiological parameters of the
patient based on electrical signals received through the
package vias. Additionally, or alternatively, the compo-
nents of the packaged device may provide electrical stim-
ulation (e.g., cardiac pacing and/or neurostimulation)
through the package vias.

[0022] In some examples, the packaged device may
not include package vias that extend from the inside of
the packaged device to the outside surface of the pack-
aged device. In these examples, the packaged device
may include a sensor (e.g., temperature, pressure, ac-
celerometer, gyroscopic sensor, and/or optical transceiv-
er) that measures physiological parameters and a com-
munication component which may communicate the data
outside of the packaged device. For example, when the
sensor is a motion sensor such as an accelerometer or
a gyroscopic sensor, the packaged device may include
electronic components that receive signals from the mo-
tion sensor and determine an orientation of the patient
and/or an activity level of the patient based on the re-
ceived signals. The communication device (e.g., includ-
ing an antenna) may then transmit the physiological pa-
rameters (e.g., the orientation as determined based on
an orientation of implant) determined by the electronic
circuit to devices outside of the packaged device.
[0023] In examples when the packaged device in-
cludes package vias, components within the packaged
device may include additional features. For example, the
components may measure electrical physiological pa-
rameters of the patient in which the device is implanted
or to which the device is connected externally. Electrical
physiological parameters may include external electro-
cardiogram signals (ECG), internal electrocardiogram
signals (IEGM), electroencephalogram signals (EEG), or
other electrogram signals (e.g., electromyogram signals,
gastric signals, peripheral neurological signals). Addi-
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tionally, or alternatively, the components of the packaged
device may provide electrical therapy to the patient, e.g.,
the components may provide neurostimulation and/or
cardiac pacing functions through the package vias. Fur-
thermore, when the packaged device includes a commu-
nication component, such as an antenna, the compo-
nents of the packaged device may transmit data indicat-
ing the physiological parameters sensed by the pack-
aged device. Additionally, or alternatively, components
of the packaged device may communicate the physio-
logical data to devices external to the packaged device
using tissue conductance communication.

[0024] FIG. 1 illustrates a cross-sectional side view of
a packaged device 100 that includes a planar substrate
102, a recessed substrate 104, and various components
such as an energy storage device (ESD) 106 and a die
108 (e.g., an integrated circuit die). Recessed substrate
104 defines a recessed region, e.g., illustrated at 110 in
FIG. 3D. Package components, e.g., ESD 106 and die
108, are attached to and supported by planar substrate
102. Recessed substrate 104 may be connected to pla-
nar substrate 102 at an interface 112 formed between
planar substrate 102 and recessed substrate 104. The
interface 112 includes an interface material, such as a
layer of amorphous silicon or a layer of metal (e.g., plat-
inum). This interface material may be on the order of
angstroms to microns thick depending on the material
and bonding method used. In other examples not being
part of the present invention, interface 112 may not in-
clude a layer of material deposited on either planar sub-
strate 102 or recessed substrate 104, as illustrated at
112 in FIG. 8. A method of forming the bond between
planar and recessed substrates 102, 104 is described
further with reference to FIG. 7.

[0025] Although packaged device 100 of FIG. 1 illus-
trates package components attached to planar substrate
102, in other examples, package components may be
attached to recessed substrate 104 as illustrated by the
cross-sectional side view of packaged device 114 of FIG.
4. Although packaged devices (e.g., packaged devices
100, 114) are illustrated in this disclosure as including
planar substrate 102 and recessed substrate 104, a
packaged device may include substrates having different
geometries so long as various components may be
housed within a cavity formed between the separate sub-
strates. For example, both substrates included in a pack-
aged device may each define recessed portions that en-
close components of the packaged device.

[0026] Although packageddevices (e.g., packaged de-
vice 100, 114) of the present disclosure are illustrated as
including a single cavity formed between two substrates,
packaged devices of the present invention include mul-
tiple cavities formed between multiple substrates bonded
to a single supporting substrate. For example, a pack-
aged device may include a single supporting substrate
(e.g., planar substrate 102) and two capping substrates
(e.g., recessed substrates 104) that are bonded together
to form two separate cavities. In this example, a first cav-
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ity may be formed between the supporting substrate and
a first capping substrate and a second cavity may be
formed between the supporting substrate and a second
capping substrate. The electrical components of the
packaged device including two cavities may be included
within the two separate cavities.

[0027] In some examples, packaged devices may be
fabricated using a spacing substrate in order to increase
a volume of the cavity of the packaged device. In these
examples, components of a packaged device may be
included on a supporting substrate, then a spacing sub-
strate may be connected (e.g., around a perimeter of the
components) to the supporting substrate. The spacing
substrate may, for example, define a window that is con-
figured to surround the components of the packaged de-
vice. Subsequently, a capping substrate may be placed
over and connected to the spacing substrate such that
the supporting substrate, spacing substrate, and capping
substrate define a cavity in which the components are
housed.

[0028] Planar substrate 102 and recessed substrate
104 of the packaged devices (e.g., 100, 114) may be
fabricated from the same materials, or may be fabricated
from different materials. In the present invention, planar
and recessed substrates 102, 104 comprise glass sub-
strates, e.g., be cut from a glass wafer (e.g., borosilicate
glass). In this example, a plurality of packaged devices
may be fabricated on a single glass wafer, then subse-
quently cut from the glass wafer to form individual pack-
aged devices as illustrated in FIG. 1.

[0029] The formation of the bond, illustrated as inter-
face 112, between planar and recessed substrates 102,
104 may depend on the combination of materials from
which planar and recessed substrates 102, 104 are se-
lected. For example, two glass substrates may be bond-
ed together when an interface layer (e.g., amorphous
silicon) is added to one of the substrates 102, 104. In
another example not being part of the present invention,
two silicon substrates may be bonded together without
an added interface layer. Example details regarding a
method of bonding planar and recessed substrates 102,
104 are included in greater detail with respect to FIG. 7.
[0030] Planar substrate 102 and recessed substrate
104 are bonded together such that planar substrate 102
and recessed substrate 104 define a cavity 116 within
packaged device 100. Planar substrate 102 includes a
surface 118 that defines a portion of cavity 116. Surface
118 may be referred to as interior surface 118 of planar
substrate 102. A surface 120 of planar substrate 102 that
is on an opposite side of interior surface 118 may form
a portion of the outside surface of packaged device 100.
Surface 120 may be referred to as an exterior surface
120 of planar substrate 102.

[0031] In some examples, packaged device 100 may
be on the order of .75 millimeters to 3 millimeters thick,
depending on the overall thickness of planar substrate
102, recessed substrate 104, and components included
within cavity 116. For example, planar substrate 102 may
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have a thickness of approximately 200 micrometers or
less, die 108 may have a thickness within a range of
100-150 micrometers or less, and ESD 106 may have a
thickness on the order of 200 micrometers or greater. An
area of packaged device 100 (e.g., a surface area of pla-
nar substrate 102) may be on the order of 10 to 50 mm?2
resulting from widths in the range of 2 to 5 millimeters by
lengths of 5 to 10 millimeters. Other example packaged
devices according to the present disclosure may have
dimensions that are greater or less than those described
above. Forexample, a thickness of the packaged devices
may be less than .75 millimeters or greater than 3 mil-
limeters in some examples. Furthermore, a width and
length of the packaged devices may be less than 2 mil-
limeters or may be greater than 10 millimeters in some
examples.

[0032] Planarsubstrate 102 may include bonding pads
122 on interior surface 118. Bonding pads 122 may in-
clude conductive material, e.g., metals, such as copper,
aluminum, titanium, platinum, gold, and nickel. Compo-
nents, such as ESD 106 and die 108, may be connected
to bonding pads 122 using a solder material such as gold-
tin or tin-lead. Individually deposited portions of solder
material that form connections between components of
packaged devices may be referred to as solder bumps
124. Bonding pads 122 may be electrically interconnect-
ed by conductive traces. For example, the conductive
traces may be deposited as one or more layers on interior
surface 118, or may be embedded (e.g. etched and de-
posited) in planar substrate 102. Example conductive
traces that connect ESD 106 to die 108 are illustrated at
126. Conductive traces may include conductive material,
e.g., metals, such as copper, aluminum, titanium, plati-
num, gold, nickel, or any other conductor suitable for elec-
trically connecting components of packaged devices ac-
cording to the present disclosure.

[0033] Although components may be attached to
bonding pads 122 on interior surface 118 using solder
bumps 124, components may be attached to bonding
pads 122 using other methods. For example, compo-
nents may be attached to bonding pads 122 using at least
one of thermocompression stud bumping, conductive ad-
hesives, anisotropically conductive films, tape automat-
ed bonding, and wire bonding.

[0034] In some examples, planar substrate 102 may
include one or more external pads 128 deposited on ex-
terior surface 120 of planar substrate 102. External pads
128 on exterior surface 120 may include conductive ma-
terials, e.g., metals, such as titanium, platinum, gold, nio-
bium, or alloys of these materials. In some examples,
when packaged device 100 is configured to be implanted
in a patient, external pads 128 may include a biocompat-
ible material such as titanium, platinum, gold, niobium,
or alloys of these materials. Additionally, or alternatively,
external pads 128 may include tantalum and/or alloys of
tantalum.

[0035] In examples where planar substrate 102 in-
cludes external pads 128 on exterior surface 120 of pla-
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nar substrate 102, planar substrate 102 may include
package vias 130 that electrically connect bonding pads
122 and/or conductive traces on interior surface 118 to
external pads 128 on exterior surface 120. In examples
where planar substrate 102 includes a silicon substrate,
package vias 130 may be formed using a through-silicon
via formation process. In examples where planar sub-
strate 102 includes glass (e.g., borosilicate float glass),
package vias 130 may be formed using any conductive
metal such as titanium, tungsten, copper, nickel, gold,
platinum, and solders such as PbSn, AuSn, etc.

[0036] External pads 128 may generally be deposited
along external surface 120 such that external pads 128
are nearly flush with external surface 120, e.g., external
pads may be on the order of micrometers in thickness.
In some examples, external pads 128 may receive elec-
trical physiological signals such as ECG, IEGM, and
EEG. Additionally, or alternatively, external pads 128
may provide electrical stimulation to a patient, such as
cardiac pacing stimulation and/or neurostimulation. Ex-
ternal pads 128 may also enable tissue conductance
communication between components of packaged de-
vice 100 and devices external to packaged device 100.
In some examples, package vias 130 may not terminate
as external pads 128, but instead may be connected to
leads 132-1, 132-2 as described herein with respect to
FIG. 12.

[0037] Various components may be included in pack-
aged devices (e.g., packaged devices 100, 114) accord-
ing to the present disclosure. For example, components
may include analog/digital integrated circuits that provide
signal conditioning functions (e.g., filtering and amplifi-
cation), signal processing functions, logic functions. In-
tegrated circuits may also include memory (e.g., vola-
tile/non-volatile) that stores programs used by the inte-
grated circuits to provide the functions associated with
the integrated circuits described herein. Integrated cir-
cuits may also store measured physiological parameters
in memory.

[0038] Integrated circuits included in packaged devic-
es may be fabricated on one or more dice (e.g., die 108
of FIG. 1) included in packaged devices. In another ex-
ample, integrated devices (e.g., integrated circuits) may
be fabricated on or within planar substrate 102 (e.g., in-
tegrated device 134 of FIG. 11C) when planar substrate
102 includes a semiconductor material (e.g., silicon).
[0039] In some examples, integrated circuits in pack-
aged device 100 may monitor physiological parameters
of a patient in which packaged device 100 is implanted,
or to which packaged device 100 is attached. In some
examples, integrated circuits in packaged device 100
may be configured to measure electrical physiological
signals, such as ECG, IEGM, and EEG through package
vias 130 using external pads 128 and/or leads 132-1,
132-2 that extend into the body of the patient.

[0040] In other examples, integrated circuits in pack-
aged device 100 may be configured to determine imped-
ance between external pads 128 and/or leads 132-1,
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132-2 attached to packaged device 100. In one example,
integrated circuits may measure impedance by applying
a voltage between two of the external pads (or leads)
and subsequently measuring a current generated in re-
sponse to the applied voltage. The integrated circuit may
then measure impedance to determine lead integrity. In
another example, the integrated circuit may be used to
measure nerve response with the device connected to a
nerve cuff.

[0041] In other examples, integrated circuits in pack-
aged device 100 may be configured to provide electrical
therapy to the patient. For example, the integrated cir-
cuits may perform cardiac pacing and/or neurostimula-
tion functions, depending on the application for which
packaged device 100 is implanted.

[0042] Integrated circuits, and other components (e.g.,
sensors) included in packaged device 100 may receive
power from ESD 106 included. Using the power provided
by ESD 106, integrated circuits included in packaged de-
vice 100 may provide amplification functions, filtering
functions, logic functions, and signal processing func-
tions. In some examples, integrated circuits may provide
electrical stimulation (e.g., cardiac pacing and/or neuros-
timulation) to the patient using power received from ESD
106. In other examples, integrated circuits may monitor
electrical physiological signals of the patient using power
received from ESD 106.

[0043] ESD 106 may include any suitable device that
stores energy and that may be disposed within cavity
116. In one example, ESD 106 may include a battery,
such as a solid state battery. In some examples, when
ESD 106 includes a solid state battery, the solid state
battery may include lithium phosphorous oxynitride
(LIPON). Although a solid state battery may be used, in
other examples, ESD 106 may include other types of
battery structures and chemistries. For example, ESD
106 may include a thin film battery structure. In some
examples, when ESD 106 includes a solid state battery,
the solid state battery may not comprise a typical thin film
structure. In some examples, ESD 106 may include a
rechargeable battery. In other examples, ESD 106 may
include a non-rechargeable battery.

[0044] ESD 106 may include ESD contacts 136 that
provide a connection point for ESD 106 to other compo-
nents of packaged device 100. When ESD 106 includes
a solid state battery, ESD contacts 136 may be conduc-
tive contacts arranged along the bottom surface of the
battery. The conductive contacts arranged on the solid
state battery may be contacted using solder bumps 124,
for example. Accordingly, when a solid state battery is
included in packaged device 100 as ESD 106, the solid
state battery may be configured to be connected to bond-
ing pads 122 using solder bumps 124. The size of solder
bumps 124 used to connect devices to planar substrate
102 may vary, as illustrated in FIG. 1. Forexample, solder
bumps 124 used to connect ESD 106 to planar substrate
102 may be relatively larger than solder bumps 124 used
to connect die 108 to planar substrate 102 since die 108



11 EP 2 632 848 B1 12

is arranged closer to planar substrate 102 between ESD
106 and planar substrate 102 as shown in FIG. 1.
[0045] In some examples, ESD 106 may include a ca-
pacitor that stores charge for subsequent transfer to com-
ponents of packaged device 100. When ESD 106 in-
cludes a capacitor, the capacitor may include contacts
on a surface of the capacitor that may be connected to
bonding pads 122 of planar substrate 102 using solder
bumps 124.

[0046] In some examples, packaged device 100 may
include a charging device that charges ESD 106 and
therefore may prolong the lifetime of packaged device
100. The charging device may include a betavoltaic or
photovoltaic device that generates electrical current that
is received by ESD 106. The charging device may include
a photovoltaic device in examples where packaged de-
vice 100 is externally fixed to the patient. In this case,
one or both of planar and recessed substrates 102, 104
may be transparent to incident light (e.g., a borosilicate
glass). In other examples, the charging device may in-
clude a piezoelectric generator, a radioisotope thermo-
electric generator, a thermoelectric Peltier generator, or
an inductive charging device (e.g., including an inductive
coil).

[0047] The charging device may be included on a die
that is mounted within package 100, such as die 108. In
other examples, the charging device may be fabricated
onto interior surface 118 of planar substrate 102, e.g.,
as an integrated device similar to integrated device 134
of FIG. 11C.

[0048] In some examples, packaged device 100 may
include sensors such as an accelerometer or a gyroscop-
ic sensor. Sensors included in packaged device 100 may
receive power from ESD 106. Sensors, e.g., accelerom-
eters and gyroscopic sensors, may be included in pack-
aged devices as one or more dice (e.g., on die 108).
Sensors may also be integrated onto one or both of planar
and recessed substrates 102, 104 of packaged devices,
e.g., as an integrated device similar to integrated device
134 of FIG 11C. In examples where sensors include an
optical transceiver component that emits light and re-
ceives reflected portions of the emitted light, the optical
transceiver component may be included on one or more
dice or integrated into one or both of planar and recessed
substrates 102, 104.

[0049] Integrated circuits in packaged device 100 may
be configured to determine various physiological param-
eters of the patient based on data received from the sen-
sors. For example, integrated circuits may determine an
orientation of the patient, and an activity level of the pa-
tient based on data received from motion sensors (e.g.,
accelerometer and gyroscopic sensors) included in the
packaged device 100. In other examples, the integrated
circuits may determine changes in metabolite levels in
the blood, such as oxygen saturation levels or glucose
levels, or changes in tissue perfusion based on data re-
ceived from the optical transceiver component, when in-
cluded in packaged device 100.
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[0050] In some examples, packaged device 100 may
include communication devices, such as antennas.
When packaged device 100 includes an antenna, the
antenna may be included on one or more dice mounted
in packaged device 100 and/or on one or both of planar
and recessed substrates 102, 104. In some examples,
an antenna within packaged device 100 may communi-
cate using telemetry protocols established by the medical
industry. Integrated circuits included within packaged de-
vice 100 may transmit and receive data via the antenna
included in packaged device 100. Data may include phys-
iological parameters of the patient measured by sensors
and physiological electrical signals measured through
package vias 130.

[0051] Additionally, or alternatively, packaged device
100 may include a tissue conductance communication
component (i.e., an interbody communication compo-
nent) that communicates with devices external to pack-
aged device 100 using tissue conductance communica-
tion. During tissue conductance communication, pack-
aged device 100 may apply or receive voltage signals at
external pads 128 or via leads 132 to communicate with
external devices.

[0052] FIG. 2 shows an example flowchart of a method
for fabricating packaged device 100. FIGS. 3A-3D illus-
trate cross-sectional side views of construction of pack-
aged device 100. As disclosed herein, the techniques
used for fabricating packaged device 100 may be gen-
erally applicable for fabricating other packaged device
structures according to the present disclosure. Although
FIGS. 3A-3D illustrate construction of a single packaged
device 100, a plurality of packaged devices 100 may be
fabricated on a single substrate (e.g., glass wafer) and
then subsequently cut from the single wafer after con-
struction of the plurality of packaged devices 100. In other
words, substrate 102 may represent a portion of a larger
substrate (e.g., a wafer) on which packaged device 100
is fabricated. In some examples, substrate 104 may also
represent a portion of a larger substrate that includes a
plurality of recessed regions 110 that is placed over top
of a single wafer to form a plurality of packaged devices
100.

[0053] Bonding pads 122, conductive traces, and
package vias 130 may be fabricated on a planar substrate
102 (200) as illustrated in FIG. 3A. For example, bonding
pads 122, conductive traces, and package vias 130 may
be fabricated using a series of masking, etching, and
deposition steps. Bonding pads 122 may be electrically
interconnected by the conductive traces which may be
deposited on interior surface 118 and/or embedded with-
in planar substrate 102. Bonding pads 122, conductive
traces, and package vias 130 may include a variety of
conductive materials. Bonding pads 122 on interior sur-
face 118 may be used for subsequent mounting of ESD
106 or other dice that may include various integrated cir-
cuits and sensors, for example. In example packaged
devices that may include energy storage devices, inte-
grated circuits, and/or sensors fabricated on interior sur-
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face 118, such devices may be fabricated before the fol-
lowing operations in which components are mounted to
interior surface 118.

[0054] Die 108 maythenbe connected to bonding pads
122 on interior surface 118 of planar substrate 102 (202)
as illustrated in FIG. 3B. Solder material, e.g., gold-tin or
tin-lead, may be added to bonding pads located on a
bottom surface of die 108 prior to mounting die 108 on
planar substrate 102. Solder material added to bonding
pads of die 108 may form solder bumps 124 on the bond-
ing pads of die 108. During mounting, die 108 may be
placed on bonding pads 122, and solder bumps 124 may
be melted and subsequently cooled to providing electrical
and physical connection of die 108 to bonding pads 122.
[0055] ESD 106 (i.e., ESD contacts 136) may then be
connected to bonding pads 122 on interior surface 118
of planar substrate 102 (204) as illustrated in FIG. 3C.
ESD contacts 136 of ESD 106 may be included on a
bottom surface of ESD 106, e.g., the surface of ESD 106
facing interior surface 118 of planar substrate 102. ESD
contacts 136 may be configured to be bonded to bonding
pads 122 using solder bumps 124. Solder material may
be added to ESD contacts 136 prior to mounting ESD
106 on planar substrate 102. In some examples, ESD
106 may be placed over top of die 108 and connected to
bonding pads 122 that are arranged outside the periphery
of die 108. In other words, ESD 106 may be mounted on
planar substrate 102 such that ESD 106 straddles die
108. Thus, after connection of ESD 106, die 108 may be
sandwiched between ESD 106 and planar substrate 102.
[0056] Although ESD 106 is illustrated as straddling a
single die 108 in FIG. 1 and FIG. 3D, in other examples,
ESD 106 may straddle more than a single die. For ex-
ample, ESD 106 may straddle two or more dice as illus-
trated in FIG. 9. Additionally, or alternatively, ESD 106
may straddle integrated circuits or other devices integrat-
ed into planar substrate 102, as illustrated in FIG. 11C.
In some examples, ESD 106 may not straddle a die, but
may be connected to bonding pads 122 on interior sur-
face 118 beside dice, as illustrated in FIG. 10A-10C.
[0057] Recessed substrate 104 can be then placed
over top of ESD 106 and die 108 so that recessed sub-
strate 104 is in contact with planar substrate 102 (206)
as illustrated in FIG. 3D. Recessed substrate 104 in-
cludes arim 138 that circumscribes recessed region 110.
Rim 138 may include a flattened surface area that cir-
cumscribes recessed region 110. Recessed substrate
104 interfaces with planar substrate 102 at the flattened
surface of rim 138. Recessed substrate 104 may be
bonded to planar substrate 102 at the interface between
the flattened surface of rim 138 and planar substrate 102
(208). For example, recessed substrate 104 and planar
substrate 102 may be direct bonded at the interface be-
tween the flattened surface of rim 138 and planar sub-
strate 102, then subsequently exposed to a heating
source (e.g., a laser or other light source) in order to
enhance the strength of the direct bond.

[0058] An example method used to bond planar and

10

15

20

25

30

35

40

45

50

55

recessed substrates 102, 104 is described in detail with
respect to FIG. 7. As illustrated in FIG. 3D, an interface
layer 140 is deposited on rim 138 prior to placing re-
cessed substrate 104 in contact with planar substrate
102. For example, when planar and recessed substrates
102, 104 include glass substrates, interface layer 140
(e.g., amorphous silicon) may be deposited on rim 138
using a sputtering process. In this example, interface lay-
er 140 may promote bonding between recessed and pla-
nar substrates 102, 104 by forming a light absorbing layer
(e.g., when a laser is used to promote bonding) or by
forming a conductive layer (e.g., to facilitate an anodic
bond). In other not being part of the present invention,
where one or both of substrates 102, 104 include silicon
substrates, planar and recessed substrates 102, 104
may be bonded without deposition of interface layer 140.
In stillother examples, in addition to bonding as described
with respect to FIG. 7, substrates 102, 104 may be ad-
hered together and/or sealed, e.g., using benzocy-
clobutene (BCB) or a liquid crystal polymer (LCP). In oth-
er examples not being part of the present invention, a
bonding process other than that described in FIG. 7 may
be used, e.g., other semiconductor or MEMS bonding
techniques.

[0059] Although the method illustrated and described
with respect to FIG. 2 and FIGS. 3A-3D includes fabri-
cation of bonding pads 122, conductive traces 126, and
package vias 130 on planar substrate 102 along with
connection of die 108 and ESD 106 to planar substrate
102, in some examples, recessed substrate 104 may in-
clude such components. For example, as illustrated in
FIG. 4, recessed substrate 104 may include bonding
pads 122, conductive traces 126, package vias 130, die
108, and ESD 106. Planar substrate 102 may be bonded
to recessed substrate 104 to enclose the components
included on recessed substrate 104.

[0060] FIG.5 shows an example flowchart of a method
for fabricating packaged device 114 of FIG. 4. FIGS. 6A-
6D illustrate cross-sectional side views of construction
of packaged device 114. Bonding pads 122, conductive
traces 126, and package vias 130 may be fabricated on
recessed substrate 104 (300) as illustrated in FIG. 6A.
In some examples, as described above, interface layer
140 (e.g., amorphous silicon) may also be deposited on
the surface of rim 138 of recessed substrate 104. Die
108 may then be connected to bonding pads 122 on re-
cessed substrate 104 (302) as illustrated in FIG. 6B. Sol-
der material may be added to bonding pads located on
a bottom surface of die 108 prior to mounting die 108 on
recessed substrate 104. ESD 106 (i.e., ESD contacts
136) may then be connected to bonding pads 122 on
recessed substrate 104 (304) as illustrated in FIG. 6C.
Planar substrate 102 is then placed on recessed sub-
strate 104, over top of ESD 106 and die 108, so that
planar substrate 102 is in contact with recessed substrate
104 at the surface of rim 138 of recessed substrate 104
(306) as illustrated in FIG. 6D. Planar substrate 102 may
thenbebondedtorecessed substrate 104 atthe interface



15 EP 2 632 848 B1 16

between the flattened surface of rim 138 and planar sub-
strate 102 (308). The bonding may be performed using
processes that are maintained at a low enough temper-
ature tobe compatible with ESD 106 and/or other devices
(e.g., charge accumulators) within cavity 116. For exam-
ple, recessed substrate 104 and planar substrate 102
may be direct bonded at the interface between the flat-
tened surface of rim 138 and planar substrate 102, then
subsequently treated with a laser that heats the interface
in order to enhance the strength of the direct bond. An
example method used to bond planar and recessed sub-
strates 102, 104 is described in detail with respect to FIG.
7.

[0061] Although FIGS. 6A-6D illustrate construction of
a single packaged device 114, a plurality of packaged
devices 114 may be fabricated on a single substrate (e.g.,
a silicon or glass wafer) and then subsequently cut from
the single wafer after construction of the plurality of pack-
aged devices 114. In other words, substrate 104 may
represent a portion of a larger substrate (e.g., a wafer)
including a plurality of recessed regions 110 in which
components of packaged device 114 are included. In
some examples, substrate 102 may also represent a por-
tion of a larger substrate that is placed over top of the
single wafer including a plurality of recessed regions 110
to form a plurality of packaged devices 114.

[0062] FIG. 7 shows an example flowchart of a method
for bonding planar substrate 102 to recessed substrate
104 such that a hermetic seal is formed between planar
and recessed substrates 102, 104. Example methods for
bonding two substrates are described in U.S. Patent Ap-
plication No. 12/912,433, filed on October 26, 2010 and
entitled "Laser Assisted Direct Bonding."

[0063] The process of bonding (e.g., directly bonding)
two or more substrates together to form a unified struc-
ture may include first preparing the contact surfaces of
the substrates and then placing the substrates in contact
with one another to establish a bond (e.g., direct bond)
between the substrates (e.g., without an adhesive layer).
Subsequently, the bond may be heated in order to
strengthen the bond. In one example, a laser may be
directed at the interface between the substrates in order
to heat the interface and to strengthen the bond. Using
a laser to heat the interface may provide a localized en-
ergy (e.g., localized in the region of the interface) that
sufficiently heats the interface to promote bonding, but
does not substantially heat the substrates, the cavity, and
the components connected to the substrates. For exam-
ple, when using a laser to heat the interface, the pack-
aged device may be heated to no greater than 200 °C.
In some examples, using the laser to heat the interface
may not resultin a welding (e.g., melting and coalescing)
of materials at the interface.

[0064] Potential thermal damage to components of
packaged device 100 may depend on a temperature to
which the components are heated and a length of time
for which the components are heated. In some examples,
when ESD 106 includes a solid state battery including

10

15

20

25

30

35

40

45

50

55

LiPON, the solid state battery may be damaged if kept
at approximately 180 °C or greater for an extended period
of time (e.g., greater than a few minutes), but may not
be damaged at solder reflow conditions such as when
using SnPb at 220 °C for two minutes or less.

[0065] Therefore, when using a laser to heat the inter-
face, the components (e.g., a solid state battery) con-
nected to the substrates may not be heated to a temper-
ature that may damage the components. This may be in
contrast to a scenario where the bond is heated using
other methods, such as anodic, fusion, or glass frit bond-
ing. These processes (e.g., anodic, fusion, or glass frit
bonding) may require temperatures ranging from 400 to
1100 °C and may result in the entire packaged device
seeing these temperatures during bonding which may
cause thermal damage to components. Accordingly, in
some examples, components connected to the sub-
strates may be thermally damaged when using heating
methods other than laser heating. In some examples,
when using laser enhanced bonding methods, the inter-
face may be heated to greater temperatures (e.g., 400
to 1100 °C), but the rest of the packaged device may not
since the heating may be localized at the point on which
the laser is focused and since the substrates may not
conduct heat to the portions of the packaged device out-
side of the laser heated region.

[0066] Furthermore, when substrates are used in a
packaged device, the components connected to the sub-
strates may be further insulated from laser heating of the
interface since glass substrates may be thermally insu-
lating. Therefore, a packaged device according to the
present disclosure including glass substrates may in-
clude components that are thermally sensitive. Such
components included in the packaged device may even
be arranged near the interface on which the laser is di-
rected during bonding without experiencing thermal dam-
age. This may allow for more compact and flexible com-
ponent layout options within the packaged device of the
present disclosure relative to other available packaging
options.

[0067] The surfaces of planar substrate 102 and re-
cessed substrate 104 that are interfaced with one another
may be referred to as "interface surfaces" of substrates
102, 104. The interface surface of planar substrate 102
may be a portion of interior surface 118 near the perim-
eter of planar substrate 102 where recessed substrate
104 is brought into contact with planar substrate. The
interface surface of recessed substrate 104 may be the
flattened surface of rim 138 of recessed substrate 104.
In some examples not being part of the presentinvention,
the flattened surface of rim 138 may notinclude interface
layer 140, e.g., when one of the planar and recessed
substrates 102, 104 include silicon substrates. In other
examples of the present invention, the flattened surface
of rim 138 includes interface layer 140 (e.g., amorphous
silicon) to promote bonding, when both planar and re-
cessed substrates 102, 104 are glass substrates.
[0068] One or both of the interface surfaces may be
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prepared for direct bonding before placing the interface
surfaces in contact with one another. Surface preparation
may enable different atoms or molecules of the interface
surfaces to attract one another. These attractive forces
may create a direct bond between planar substrate 102
and recessed substrate 104. The type of surface prepa-
ration performed on the interface surfaces mayvary, e.g.,
based on the chemical composition of substrates 102,
104.

[0069] One or both of the interface surfaces may be
prepared by polishing to remove surface deformities such
as burrs, gouges, ridges, or other irregularities (400). Dif-
ferent techniques may be used to polish the interface
surfaces. For example, the interface surfaces may be
mechanically polished, chemically polished, or treated
by chemical-mechanical polishing (CMP) techniques.
The interface surfaces may be polished until the surfaces
exhibit comparatively low surface roughness values. Pol-
ishing the interface surfaces until the surfaces exhibit
comparatively low surface roughness values may en-
hance direct bond formation. While smoother interface
surfaces generally facilitate improved direct bond forma-
tion by allowing atoms or molecules of different surfaces
to come into close contact, in some examples, compar-
atively rough surfaces may be bonded together.

[0070] In addition to orin lieu of polishing, the interface
surfaces may be prepared for direct bonding by cleaning
the interface surfaces to remove particles and contami-
nates from the interface surfaces (402). Cleaning the in-
terface surfaces may include ultrasonic and/or megason-
ic cleaning. In addition to polishing and cleaning, inter-
face surfaces may be prepared for direct bonding by
chemically activating one or both of interface surfaces
(404). Chemical activation may promote direct bond for-
mation between the interface surfaces when the interface
surfaces are brought into contact with one another.
Chemical activation may involve exposing the interface
surfaces to a plasma (e.g., nitrogen or oxygen plasma).
[0071] Independent of the specific techniques used,
after suitably preparing the interface surfaces for direct
bonding, the interface surfaces may be brought into con-
tact with each other to establish a direct bond between
substrates 102, 104 (406). Heating substrates 102, 104
may, in some examples, promote bond formation be-
tween the interface surfaces by providing energy to over-
come an activation energy barrier for covalent bond for-
mation (408). In some examples, a direct bond formed
between interface surfaces may be optionally heated by
directing alaseron atleastaportion of the interface (410).
The energy provided by the laser may heat the direct
bond formed at the interface. Generally, a direct bond
between the interface surfaces may hold substrates 102,
104 in a substantially fixed arrangement relative to one
another. The direct bond formed between substrates
102, 104 that is heat treated, e.g., using a laser, may
exhibit a greater strength than the bond formed prior to
heating.

[0072] In oneimplementation of the method described
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in FIG. 7, planar and recessed substrates 102, 104 in-
clude glass substrates (e.g., borosilicate glass). One of
substrates 102, 104 may include a silicon layer (e.g.,
amorphous silicon) deposited at an interface between
substrates 102, 104 prior to bringing substrates 102, 104
into contact with one another. In this implementation, a
laser used to heat the interface (e.g., heat the silicon
layer) may be selected such that the laser is transmitted
through the glass substrate (either substrate 102 or sub-
strate 104) and absorbed by the silicon layer, resulting
in a heating of the silicon layer and strengthening of the
bond between substrates 102, 104.

[0073] In another example of the method described in
FIG. 7 not being part of the present invention , one of
substrates 102, 104 may include a glass substrate (e.g.,
borosilicate glass) and the other one of substrates 102,
104 may include a semiconductor substrate (e.g., sili-
con). In this example, a laser used to heat the interface
(e.g., heat the silicon layer) may be selected such that
the laser is transmitted through the glass substrate and
absorbed by the semiconductor layer, resulting in a heat-
ing of the semiconductor/glass interface and strengthen-
ing of the bond between substrates 102, 104.

[0074] FIGS. 8-12 illustrate various features of pack-
aged devices of the present disclosure. FIG. 8, which is
not part of the present invention, illustrates a cross-sec-
tional side view of a bond between planar and recessed
substrates 102, 104 that does not include an additional
layer of material (e.g., interface layer 140) used in some
circumstances to promote bonding between planar and
recessed substrates 102, 104. FIG. 9 illustrates a cross-
sectional side view of a plurality of dice 142, 144 mounted
to planar substrate 102 underneath ESD 106. FIGS. 10A-
10C illustrate cross-sectional side views of example
packaged devices including various arrangements of ad-
jacent devices. FIGS. 11A-11C illustrate cross-sectional
side views of example arrangements of devices that are
fabricated directly onto planar substrate 102. FIG. 11D
illustrates a cross-sectional side view of an example
packaged device including stacked dice and stacked
ESDs. FIG. 12 illustrates a cross-sectional side view of
encapsulation of an example packaged device that in-
cludes leads 132-1, 132-2. Each of FIGS. 8-12 are now
discussed in turn.

[0075] FIG.8, whichis notpartof the presentinvention,
shows a packaged device 146 in which interface 112
between planar substrate 102 and recessed substrate
104 does not include an additional layer of material (e.g.,
interface layer 140) deposited on either planar or re-
cessed substrates 102, 104. In this example, one or both
of planar and recessed substrates 102, 104 may include
semiconductor substrates, e.g., silicon substrates. For
example, one of recessed and planar substrates 102,
104 may be a glass substrate while the other of recessed
and planar substrates 102, 104 may be a semiconductor
substrate, e.g., a silicon substrate. In another example,
both planar and recessed substrates 102, 104 may be
semiconductor substrates, e.g., silicon substrates. As
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described above with respect to FIG. 7, the silicon/glass
or silicon/silicon interface between planar and recessed
substrates 102, 104 in FIG. 8 may be bonded using a
laser assisted bonding technique without addition of in-
terface layer 140 (e.g., the layer of amorphous silicon).
[0076] FIG. 9illustrates a packaged device 148 that is
similar to packaged device 100 of FIG. 1, however, pack-
aged device 148 includes more than one die mounted
under ESD 106. In FIG. 9, ESD 106 straddles two dice
142, 144 that are mounted to planar substrate 102. Al-
though two dice 142, 144 are illustrated as mounted un-
derESD 106in FIG. 9, more than two dice may be mount-
ed under ESD 106 in other examples.

[0077] Packaged device 148 also differs from pack-
aged device 100 in FIG. 1 in that packaged device 148
of FIG. 9 does not include package vias 130. For exam-
ple, packaged devices, used for some sensing applica-
tions, that include sensors such as temperature, pres-
sure, accelerometers, and gyroscopic sensors may not
require an electrical interface with the patient provided
by external pads 128. In other words, sensors such as
temperature, pressure, accelerometers, and gyroscopic
sensors may monitor physiological parameters of the pa-
tient, such as patient temperature, blood pressure, pa-
tient activity, and patient orientation, while enclosed with-
in a package. Integrated circuits included in such pack-
ages may transmit the data indicating the physiological
parameters via an antenna included in package 148, for
example. In other example, an optical transceiver includ-
ed in package 148 may also monitor physiological pa-
rameters of the patient while enclosed within a packaged
device when one or both of substrates 102, 104 is trans-
parent to the wavelength of light emitted from the trans-
ceiver. Subsequently, integrated circuits included in
packaged device 148 may transmit, via an antenna, the
physiological parameters determined based on data from
the optical transceiver.

[0078] Insummary, when packaged device 148 is con-
figured for a sensor application, example components
included in packaged device 148 may include a sensor
(e.g., a temperature sensor, accelerometer, gyroscopic
sensor, and/or optical transceiver) fabricated on one of
dice 142, 144, an antenna fabricated on dice 142, 144,
and an integrated circuit fabricated on one of dice 142,
144. The integrated circuit may be configured to receive
signals from the sensor, determine a physiological pa-
rameter of the patient (e.g., patient posture), and transmit
the patient posture data to an external device via the
antenna included in packaged device 148. Although not
illustrated in FIG. 9, conductive traces may provide con-
nection between ESD 106, die 142, and die 144.
[0079] FIGS. 10A-10C illustrate various packaged de-
vices 150, 152, 152 including ESD 106 and dice 108,
156. The various representations of dice (e.g., numbers
and illustrations) described in the present disclosure
(e.g., dice 108, 142, 144, 156) are used for illustration
purposes only, and are not intended to imply similar or
different functionality between the dice. For example,
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dice 108, 142, 144, 156 may include any of the function-
ality described in the present disclosure, and similarities
in illustration and numbering are not meant to imply sim-
ilar functionality.

[0080] InFIG. 10A, packageddevice 150includes ESD
106 located alongside a single die 108 mounted on planar
substrate 102. In FIG. 10B, packaged device 152 in-
cludes ESD 106 located at an edge of packaged device
152 alongside two dice 108, 156 mounted on planar sub-
strate 102. Although ESD 106 is illustrated alongside two
dice 108, 156, ESD 106 may be located alongside more
than two dice in some examples. In other examples, ESD
106 may straddle one or more dice (as illustrated in FIG.
9) and additionally, ESD 106 that is straddling two dice
may be adjacent to additional dice mounted on planar
substrate 102.

[0081] FIG. 10C illustrates ESD 106 centrally located
within packaged device 154. In this example, dice 108,
156 are located near interface 112 between planar and
recessed substrates 102, 104. Any heatgeneratedin pla-
nar and recessed substrates 102, 104 during bonding
(e.g., due to heating by the laser) may be localized near
interface 112 of planar and recessed substrates 102,
104, and therefore, a central location of ESD 106 within
cavity 116 and away from interface 112 may provide ad-
ditional insulation between heat generated during bond-
ing and ESD 106. Thus, when centrally located within
package 154, ESD 106 may be insulated from heat gen-
erated during bonding, and therefore incur a reduced
chance of thermal damage.

[0082] FIGS. 11A-11C illustrate packaged devices
158, 160, 162 that include devices fabricated directly on
planar substrate 102. In FIG. 11A, ESD 106 is fabricated
directly on planar substrate 102, as opposed to connect-
ed to planar substrate 102 using solder bumps 124. For
example, ESD 106 fabricated directly on planar substrate
102 may include a battery, such as a solid state battery,
or a capacitor. Adjacent to ESD 106 fabricated directly
on planar substrate 102 are located dice 108, 156 which
are mounted on planar substrate 102. Accordingly, in
some example packaged devices of the present disclo-
sure, some devices included in a packaged device may
be fabricated directly on a substrate of the packaged de-
vice while other devices in the packaged device may be
fabricated on dice and subsequently mounted along with
the devices fabricated directly on the substrate.

[0083] FIG. 11B includes an integrated device 166,
such as an integrated circuit, sensor, or antenna fabri-
cated on planar substrate 102. When planar substrate
102 is cut from a silicon wafer, integrated device 166 may
be an integrated circuit, sensor, or antenna fabricated on
or within planar substrate 102 using various semiconduc-
tor processing techniques. In examples being part of the
present invention where planar substrate 102 is a glass
material (e.g., borosilicate glass), devices (e.g., integrat-
ed device 166) such as integrated circuits, sensors, and
antennae may also be built up on the glass in thin film
layers.
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[0084] FIG. 11C illustrates a packaged device 162 that
includes integrated device 134 fabricated on planar sub-
strate 102 with ESD 106 straddling integrated device 134.
Integrated device 134 may include an integrated circuit,
sensor, and/or antenna integrated into planar substrate
102, for example. This configuration of devices included
in packaged device 162 may optimize the usage of cavity
116 within packaged device 162. For example, integrated
device 134 that is integrated into planar substrate 102
may represent an implementation of a packaged device
that uses a least amount of space within cavity 116 for
packaging devices. Therefore, a maximum amount of
space in cavity 116 may be reserved for ESD 106, allow-
ing for a maximum amount of energy storage per unit
volume within packaged device 162. Thus, the usable
lifetime of packaged device 162, based on battery life
(e.g., when ESD 106 is a battery), may be maximized in
packaged device 162 that allows for maximizing the size
of ESD 106 per unit volume of packaged device 162.
[0085] In example packaged device 162 of FIG. 11C,
ESD 106 is mounted to planar substrate 102 over top of
integrated device 134. Although ESD 106 is illustrated
as straddling integrated device 134, in some examples,
integrated device 134 may be fabricated along the entire
length of planar substrate 102 that defines cavity 116,
and ESD 106 may contact bonding pads 122 within the
perimeter of integrated device 134.

[0086] With reference to FIGS. 14A-14B, in some ex-
amples, a packaged device (e.g., packaged devices 201,
203) may include ESD 106 (e.g., a battery) fabricated in
recessed region 110. Subsequent to fabrication of ESD
106 in recessed region 110, the combined ESD 106 and
recessed substrate 104 may be connected to planar sub-
strate 102. For example, the combined recessed sub-
strate 104 and ESD 106 may be brought into contact with
planar substrate 102 and bonding pads 122, respectively.
Solder material on ESD contacts 136 may then be melted
to form solder bumps 124, and planar and recessed sub-
strates 102, 104 may be bonded (e.g., using laser en-
hanced bonding) to hermetically enclose ESD 106 be-
tween planar and recessed substrates 102, 104. Pack-
aged device 201 of FIG. 14A, in which ESD 106 is fab-
ricated within recessed region 110, may eliminate cavity
116, or at least minimize an amount of empty space en-
closed within packaged device 201. Accordingly, pack-
aged device 201 of FIG. 14A may provide a more opti-
mized energy storage per unit volume solution than pack-
aged devices including empty space in cavity 116. Al-
though a space is illustrated in FIG. 14A between ESD
106 and planar substrate 102, in some examples, as il-
lustrated in FIG. 14B, ESD 106 may be mounted nearly
flush with planar substrate 102, further minimizing (e.g.,
substantially eliminating) any empty space within pack-
aged device 203.

[0087] FIG. 11D illustrates stacking of devices in pack-
aged device 164. Packaged device 164 includes stacked
ESDs 106-1, 106-2 and stacked dice 108-1, 108-2.
Stacking of ESDs 106-1, 106-2 and dice 108-1, 108-2
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may reduce the total area (i.e. footprint) of a packaged
device relative to other packaged devices that include
ESDs 106-1, 106-2 and dice 108-1, 108-2 arranged in
an un-stacked configuration on planar substrate 102.
Dice 108-1, 108-2 may be stacked and interconnected
outside of packaged device 164 and then mounted as a
single unit within packaged device 164 in some exam-
ples. In other examples, die 108-1 may be mounted in
packaged device 164 and then die 108-2 may be stacked
on die 108-1. Dice 108-1, 108-2 may be interconnected
using through-silicon vias, for example. ESDs 106-1,
106-2 may also be stacked and interconnected outside
of packaged device 164 and then mounted in packaged
device 164, or alternatively ESDs 106-1, 106-2 may be
stacked one at a time within packaged device 164. ESDs
106-1, 106-2 may be electrically connected through in-
terconnects 168 illustrated in FIG. 11D. Interconnects
168 may include through-substrate vias.

[0088] FIG. 12 illustrates an encapsulated device 170
including a packaged device 172 covered with an encap-
sulation 174. Encapsulation 174 may improve the bio-
compatibility of packaged device 172, and therefore en-
hance the suitability of packaged device 172 for implan-
tation into a patient. Encapsulation 174 may include, for
example, a silicone coating over packaged device 172,
a titanium layer over packaged device 172, or a silicone
layer coated intitanium. Encapsulation 174 defines open-
ings 176 through which external pads 128 are accessible.
External pads 128 may be nearly flush with exterior sur-
face 120 of planar substrate 102 in some examples. In
other examples, instead of external pads 128, leads
132-1, 132-2 (collectively "leads 132") may be electrically
connected through package vias 130 to devices (e.g.,
integrated circuits) housed within cavity 116. As illustrat-
edinFIG. 12, leads 132-1, 132-2 may include electrodes
178-1, 178-2, respectively. Electrodes 178-1, 178-2 (col-
lectively "electrodes 178") may be used for sensing elec-
trical physiological signals in some examples. For exam-
ple, integrated circuits in packaged device 172 may
sense ECG, IEGM, and EEG signals via external pads
128 and/or electrodes 178. In other examples, electrodes
178 may be used for delivering electrical stimulation to
the patient. For example, integrated circuits in packaged
device 172 may deliver cardiac pacing stimulation or
electrical neurostimulation, depending on the application
in which encapsulated device 170 is used.

[0089] Although two external pads 128 and two leads
132-1,132-2areillustrated in FIG. 12, in some examples,
agreaterorlesser number of external pads 128 and leads
132 may be connected to packaged device 172. In some
examples, packaged device 172 may notinclude any ex-
ternal pads 128 or leads 132, but instead, encapsulation
174 may cover the entire exterior of packaged device
172. In other examples, packaged device 172 may not
include external pads 128, but may instead include leads
132. In other examples, packaged device 172 may not
include leads 132, but may include external pads 128.
[0090] The number ofexternal pads 128 and leads 132
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may vary based on the application in which packaged
device 172 is used. In examples where packaged device
172 is used for cardiac pacing, packaged device 172 may
include one or more external pads 128 and leads 132.
For example, an external pad 128 on packaged device
172 may serve as a reference electrode, while one or
more leads 132 may serve as stimulation electrodes that
deliver cardiac pacing stimulation to one or more cham-
bers of the patient’s heart.

[0091] In examples where packaged device 172 is
used for neurostimulation, an external pad 128 on pack-
aged device 172 may serve as a reference electrode,
while one or more leads 132 may serve as neurostimu-
lation electrodes that provide electrical therapy according
to a program (e.g., including amplitude, pulse width, and
pulse rate) stored within an integrated circuit of packaged
device 172. In the case of neurostimulation, a plurality of
leads, e.g., 8, 16, 24, or more leads may be used to pro-
vide stimulation. In some examples, the plurality of leads
may be wrapped within separate sheaths that house the
separate leads 132 and electrodes 178 and extend out-
ward from packaged device 172 to a target stimulation
location within the patient. In other examples, packaged
device 172 may deliver leadless stimulation using a plu-
rality of external pads 128 arranged on the exterior of
packaged device 172 at a target stimulation site. Al-
though 8, 16, 24, or more leads 132 may be used for
neurostimulation applications, the number of external
pads 128 and/or leads 132 may only be limited by the
size of external pads 128 and/or leads 132, and the size
of the substrate through which external pads 128 and
leads 132 are attached.

[0092] As an alternative to coating packaged device
172 in encapsulation 174, packaged device 172 may be
enclosed in a biocompatible package, such as a titanium
sleeve. When enclosed in such a package, leads 132
may be fed through an opening in the package to the
target stimulation site.

[0093] FIGS. 13A-13E are functional block diagrams
of example packaged devices including modules that
represent functionality that may be included in packaged
devices according to the present disclosure. Modules in-
cluded within packaged devices of the present disclosure
may include any discrete and/or integrated electronic cir-
cuit components thatimplement analog and/or digital cir-
cuits capable of producing the functions attributed to the
modules herein. For example, the modules may include
analog circuits, e.g., amplification circuits, filtering cir-
cuits, and/or other signal conditioning circuits. The mod-
ules may also include digital circuits, e.g., combinational
or sequential logic circuits, memory devices, etc. Memory
may include any volatile, non-volatile, magnetic, or elec-
trical media, such as a random access memory (RAM),
read-only memory (ROM), non-volatile RAM (NVRAM),
electrically-erasable programmable ROM (EEPROM),
Flash memory, or any other memory device. Further-
more, memory may include instructions that, when exe-
cuted by one or more processing circuits, cause the mod-
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ules to perform various functions attributed to the mod-
ules herein.

[0094] The functions attributed to the modules herein
may be embodied as one or more processors, hardware,
firmware, software, or any combination thereof. Depic-
tion of different features as modules is intended to high-
light different functional aspects and does not necessarily
imply that such modules or units must be realized by
separate hardware or software components. Rather,
functionality associated with one or more modules may
be performed by separate hardware or software compo-
nents, or integrated within common or separate hardware
or software components.

[0095] Modules of the packaged devices of FIGS. 13A-
13E may be implemented by one or more devices includ-
ed on one or more dice mountedin the packaged devices.
Additionally, or alternatively, modules of the packaged
devices of FIGS. 13A-13E may be implemented by one
or more devices integrated into a substrate (e.g., planar
substrate 102) of the packaged devices.

[0096] Each packaged device of FIGS. 13A-13E in-
cludes ESD 106 and a control module 180. ESD 106
illustrated in FIGS. 13A-13E represents ESD 106 as il-
lustrated in the figures preceding FIGS. 13A-13E. ESD
106 may provide power to modules included in the pack-
aged devices of FIGS. 13A-13E. For example, ESD 106
may provide operational power to control module 180,
sensor module 182, tissue conduction communication
(TCC) module 184, optical receiver 186, optical transmit-
ter 188, and therapy/communication module 190.
[0097] Control module 180 may represent any ana-
log/digital circuit included in a packaged device that pro-
vides the functionality assigned to control module 180
herein. For example, control module 180 may represent
an integrated circuit that is configured to provide analog
electronic functions such as signal conditioning (e.g., fil-
tering and amplification). Control module 180 may also
represent an integrated circuit that provides logic func-
tions and data storage functions. Control module 180
may be implemented on one or more dice included in a
packaged device, and, additionally or alternatively, may
be implemented as an integrated circuit fabricated on
planar substrate 102.

[0098] Referring now to FIG. 13A, packaged device
191 includes ESD 106, control module 180, sensor mod-
ule 182, and anantenna 192. Antenna 192 may represent
an antenna included in packaged device 191, e.g., fab-
ricated on a die mounted in packaged device 191 or fab-
ricated on one of planar or recessed substrate 102, 104
of packaged device 191. Sensor module 182 may rep-
resent a sensor included in packaged device 191. In
some examples, sensor module 182 may include at least
one of an accelerometer, a gyroscopic sensor, a mag-
netic field sensor, and a temperature sensor.

[0099] Packaged device 191 of FIG. 13A may provide
a sensing function when implanted in a patient. Sensor
module 182 may generate signals that indicate sensed
physiological parameters of the patient. Control module
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180 may determine physiological parameters of the pa-
tient based on signals received from sensor module 182.
In one example, when sensor module 182 includes an
accelerometer (e.g., including one or more axes), control
module 180 may determine physiological parameters of
the patient, including, but not limited to, a posture of the
patient and/or an activity level of the patient based on
signals received from the accelerometer. Subsequently,
control module 180 may wirelessly transmit data includ-
ing the determined physiological parameters via antenna
192. For example, control module 180 may wirelessly
transmit data to another implanted medical device within
the patient or to an external device, such as a patient
programming device used to program neurostimulator
therapy programs and/or cardiac pacing parameters.
[0100] Packaged devices may communicate with a
programming device such as a handheld computing de-
vice, desktop computing device, or a networked comput-
ing device using an antenna and/or using tissue conduct-
ance communication. The programming device may be
used by a clinician to program components of packaged
devices, e.g., for cardiac electrical therapy and/or neu-
rostimulation electrical therapy. Additionally, the pack-
aged devices may upload measured physiological data
to the programming device. In some examples, this dis-
closure contemplates a system thatincludes one or more
of the packaged devices described herein and one or
more programming devices to program components of
packaged devices.

[0101] FIG. 13Biillustrates a packaged device 193 that
includes ESD 106, control module 180, and sensor mod-
ule 182 that operate as described above. However, pack-
aged device 193 includes TCC module 184 in place of
antenna 192. TCC module 184 may enable tissue con-
ductance communication. For example, TCC module
184 may transmit data to devices implanted in the patient,
orin contact with the patient, via external electrodes 128,
178. Accordingly, control module 180 of packaged device
193 may determine physiological parameters of the pa-
tient (e.g., patient posture and/or activity) and TCC mod-
ule 184 may transmit the determined physiological pa-
rameters to other devices implanted in the patient, or in
contact with the patient. Additionally, TCC module 184
may receive signals transmitted by other devices implant-
ed in patient, or in contact with the patient, via external
electrodes 128, 178, and control module 180 may receive
data from TCC module 184 derived from the signals.
[0102] Referring now to FIG. 13C, a packaged device
195 includes ESD 106, control module 180, and TCC
module 184. Additionally, packaged device 195 includes
components of an optical transceiver. The optical trans-
ceiver includes an optical emitter 186 and an optical re-
ceiver 188. Optical emitter 188 and/or optical receiver
186 may be included on a die mounted in packaged de-
vice 195 and/or fabricated onto planar substrate 102. Op-
tical emitter 188 may emit light through planar and/or
recessed substrates 102, 104. Optical receiver 186 may
receive reflected portions of the emitted light. Control
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module 180 may determine physiological parameters
based on the received light, such as changes in metab-
olite levels in the blood, such as oxygen saturation levels
or glucose level, or changes in tissue perfusion. TCC
module 184 may then transmit the physiological param-
eters determined by control module 180 via tissue con-
duction communication.

[0103] Referring now to FIG. 13D, packaged device
197, having similar functionality as packaged device 193,
includes a charging module 194. Charging module 194
may represent a device included in packaged device 197
that functions to charge ESD 106. For example, charging
module 194 may include a piezoelectric device, beta-
voltaic source, or a photovoltaic source.

[0104] Referring now to FIG. 13E, packaged device
199 includes a therapy/communication module 190.
Therapy/communication module 190 may perform vari-
ous functions related to therapy delivery and tissue con-
ductance communication. Therapy/communication mod-
ule 190 may be connected to one or more external pads
128 and/or one or more electrodes 178 on leads 132. In
one example, therapy/communication module 190 may
transmitand receive data through tissue conduction com-
munication using external pads 128 and/or one or more
of electrodes 178. In other examples, therapy/communi-
cation module 190 may provide electrical stimulation
therapy via external pads 128 and/or electrodes 178.
[0105] In some examples, electrical stimulation thera-
py may include neurostimulation therapy. In these exam-
ples, therapy/communication module 190, under control
of control module 180, may provide neurostimulation
therapy via external pads 128 and/or electrodes 178.
Therapy/communication module 190 may deliver electri-
cal stimulation therapy via one or more of leads 132 that
include electrodes 178 implanted proximate to target lo-
cations associated with, for example, the brain, the spinal
cord, pelvic nerves, peripheral nerves, or the gastroin-
testinal tract of a patient. Hence, stimulation provided by
packaged device 199 may be used in different therapeu-
tic applications, such as deep brain stimulation (DBS),
spinal cord stimulation (SCS), pelvic stimulation, gastric
stimulation, or peripheral nerve stimulation. Stimulation
also may be used for muscle stimulation, e.g., functional
electrical stimulation (FES), to promote muscle move-
ment or prevent atrophy.

[0106] In other examples, packaged device 199 may
provide functionality similar to that of an implantable
pacemaker, or a cardioverter-defibrillator. In these ex-
amples, therapy/communication module 190, under con-
trol of control module 180, may provide cardiac sensing
and pacing functions. In a cardiac electrical therapy ap-
plication, leads 132 may extend into the heart of the pa-
tientand electrodes 178 may connect to the right ventricle
of the heart, the left ventricle of the heart, and/or the right
atrium of the heart. Using this electrode configuration,
therapy/communication module 180 may sense electri-
cal activity of the heart and/or deliver electrical stimula-
tion (e.g., pacing pulses) to the heart using external pads
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128 and/or electrodes 178 on leads 132.

[0107] Although packaged devices according to the
present disclosure are described above for use in med-
ical applications, the packaged devices of the present
disclosure are not limited to medical applications, but in-
stead it is contemplated that the packaged devices may
also be used in general electronics applications. For ex-
ample, the packaged devices may include integrated cir-
cuits, sensors, and other components that are not direct-
ed to medical applications, but are directed to general
sensing applications, information processing applica-
tions (e.g., analog signal processing and digital informa-
tion processing), and data storage applications (e.g.,
memory). In some medical or non-medical applications,
the packaged devices may be mounted on other integrat-
ed devices (e.g., anintegrated die) and packaged togeth-
er with the integrated devices in a multi-chip package, or
the packaged devices may be connected to a printed
circuit board, for example.

[0108] Although the packaged devices according to
the present disclosure are described as including the
components on one of the two substrates that comprise
the packaged devices, in some examples, both sub-
strates of a packaged device according to the present
disclosure may include components, such as sensors
and integrated circuits, e.g., fabricated on dice connected
to either substrate or fabricated directly on the substrates.
In examples where both substrates include components,
the components included on separate substrates may be
electrically interconnected, for example, through the in-
terface between the substrates.

[0109] In some examples, a device comprises a first
substrate, a second substrate, and a battery. The first
substrate includes at least one of a first semiconductor
material and a first insulating material. The first substrate
includes a plurality of bonding pads. The second sub-
strate includes at least one of a second semiconductor
material and a second insulating material. The second
substrate is bonded to the first substrate such that the
firstand second substrates define an enclosed cavity be-
tween the first and second substrates. The battery is
housed in the enclosed cavity. The battery includes con-
ductive contacts disposed on a bottom surface of the
battery. The conductive contacts are soldered to two or
more of the plurality of bonding pads such that the bottom
surface of the battery faces the surface of the first sub-
strate that includes the bonding pads.

[0110] Insome examples, the device further comprises
a control module disposed within the enclosed cavity.
The control module is configured to at least one of de-
termine a physiological parameter of a patient and deliver
electrical stimulation to the patient. The battery provides
power to the control module.

[0111] Insome examples, the device further comprises
a control module disposed within the enclosed cavity and
an integrated circuit in the enclosed cavity. In these ex-
amples, the control module is configured to at least one
of determine a physiological parameter of a patient and
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deliver electrical stimulation to the patient. The battery
provides power to the control module. Furthermore, in
these examples, at least a portion of the control module
is included on the integrated circuit. The battery is mount-
ed on the first substrate such that the battery straddles
at least a portion of the integrated circuit.

[0112] In some examples, the first and second sub-
strates include glass substrates.

[0113] In some examples, the first and second sub-
strates include glass substrates and the bond between
the first and second substrates includes silicon.

[0114] In some examples, the first and second sub-
strates include glass substrates and the bond between
the first and second substrates includes a light absorbing
material. The light absorbing material absorbs light at a
wavelength that is transmitted by one of the firstand sec-
ond substrates.

[0115] In some examples, one of the first and second
substrates includes a silicon substrate, and the other of
the first and second substrates includes a glass sub-
strate.

[0116] In some examples, the battery includes a solid
state battery.
[0117] In some examples, a method comprises con-

necting a control module to one of a first substrate and
a second substrate. The first substrate includes at least
one of a first semiconductor material and a first insulating
material. The second substrate includes at least one of
a second semiconductor material and a second insulat-
ing material. The control module is configured to one of
determine a physiological parameter of a patient and de-
liver electrical therapy to the patient. The method further
comprises connecting an energy storage device to one
of the first and second substrates, and interfacing the
first and second substrates such that the first and second
substrates define an enclosed cavity between the first
and second substrates. The enclosed cavity includes the
control module and the energy storage device. Addition-
ally, the method comprises heating an interface between
the first and second substrates to form a bond between
the first and second substrates.

[0118] In some examples, heating the interface in-
cludes heating at least a portion of the interface using a
laser directed at the interface.

[0119] In the present invention, the first substrate in-
cludes a glass substrate, the second substrate includes
a glass substrate, and one of the first and second sub-
strates includes a light absorbing layer at the interface.
[0120] In the present invention, the first substrate in-
cludes a glass substrate, the second substrate includes
a glass substrate, one of the first and second substrates
includes a light absorbing layer at the interface, and the
light absorbing layer absorbs light at a wavelength that
is transmitted by one of the first and second substrates.
[0121] In some examples, the first substrate includes
a glass substrate, the second substrate includes a glass
substrate, one of the first and second substrates includes
a light absorbing layer at the interface, and heating the
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interface includes heating at least a portion of the light
absorbing layer using a laser directed at the light absorb-
ing layer.

[0122] In some examples not being part of the present
invention, the first substrate includes a glass substrate
and the second substrate includes a semiconductor sub-
strate.

[0123] In some examples, a device comprises a first
substrate, a second substrate, and a battery. The first
substrate includes at least one of a first semiconductor
material and a first insulating material. The first substrate
includes a plurality of bonding pads. The second sub-
strate includes at least one of a second semiconductor
material and a second insulating material. The second
substrate is bonded to the first substrate such that the
firstand second substrates define an enclosed cavity be-
tween the first and second substrates. The battery is
housed in the enclosed cavity. The battery includes con-
ductive contacts on a bottom surface of the battery. The
conductive contacts are connected to two or more of the
plurality of bonding pads such that the bottom surface of
the battery faces the surface of the first substrate that
includes the bonding pads.

[0124] Insome examples, the device further comprises
an integrated circuit fabricated on one of the first and
second substrates. In these examples, the battery is con-
figured to provide power to the integrated circuit.
[0125] Insome examples, the device further comprises
a sensor and an integrated circuit. In these examples,
the integrated circuit is fabricated on one of the first and
second substrates, the battery is configured to provide
power to the integrated circuit, and the sensor is con-
nected to the integrated circuit. In these examples, the
sensor includes one of a temperature sensor, a pressure
sensor, an accelerometer, and a gyroscopic sensor.
[0126] In some examples, a device comprises a first
substrate, a second substrate, and a battery. The first
substrate includes at least one of a first semiconductor
material and a first insulating material. The first substrate
includes a plurality of bonding pads. The second sub-
strate includes at least one of a second semiconductor
material and a second insulating material. The second
substrate defines a recessed region. The battery is fab-
ricated in the recessed region defined by the second sub-
strate. The battery includes conductive contacts fabricat-
ed on a surface of the battery. The second substrate is
bonded to the first substrate such that the firstand second
substrates enclose the battery. The conductive contacts
are connected to two or more of the plurality of bonding
pads such that the surface of the battery including the
conductive contacts faces the surface of the first sub-
strate that includes the bonding pads.

Claims

1. A medical device comprising:
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a planar substrate (102) that includes at least
one of a first semiconductor material and a first
insulating material;

a plurality of recessed substrates (104) that in-
cludes at least one of a semiconductor material
and an insulating material, the plurality of re-
cessed substrates bonded to the planar sub-
strate such that the planar substrate and the plu-
rality of recessed substrates define a plurality of
enclosed cavities (116) between the planar sub-
strate and the plurality of recessed substrates;
a control module (180) disposed within at least
one of the plurality of enclosed cavities, the con-
trol module configured to at least one of:

determine a physiological parameter of a
patient and

deliver electrical stimulation to the patient;
and

an energy storage device (106) disposed within
the at least one of the plurality of enclosed cav-
ities configured to supply power to the control
module;

wherein the medical device is characterised in that:

the planar substrate and the plurality of recessed
substrates comprise glass substrates and the
medical device comprises a light absorbing lay-
er (140) deposited within the bond between the
planar substrate and the plurality of recessed
substrates, wherein the light absorbing layer,
which promotes bonding between recessed and
planar substrates, absorbs light at a wavelength
that is transmitted by one of the planar substrate
and the plurality of recessed substrates.

The medical device of claim 1, wherein the light ab-
sorbing layer is a silicon layer deposited within the
bond between the planar substrate and the plurality
of recessed substrates.

The medical device of claim 1, wherein at least a
portion of the control module is disposed on a die,
and wherein the die is mounted to one of the planar
substrate and the plurality of recessed substrates.

The medical device of claim 1, wherein at least a
portion of the control module is fabricated into one
of the planar substrate and the plurality of recessed
substrates.

The medical device of claim 1, further comprising a
sensor (182) housed within the enclosed cavity,
wherein the sensor includes one of a temperature
sensor, a pressure sensor, an accelerometer, and a
gyroscopic sensor, and wherein the control module
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determines at least one of a temperature of the pa-
tient, a pressure within the patient, an activity level
of the patient, and a posture of the patient based on
signals received from the sensor.

The medical device of claim 1, wherein the energy
storage device includes a solid state battery, and
wherein the solid state battery is mounted such that
the solid state battery straddles at least a portion of
the control module.

The medical device of claim 1, further comprising an
electrical connection that extends from the control
module through one of the planar substrate and the
plurality of recessed substrates to an external sur-
face of the device.

The medical device of claim 7, wherein the control
module is configured to provide electrical stimulation
to the patient via the electrical connection.

The medical device of claim 8, wherein the electrical
stimulation includes one of cardiac electrical stimu-
lation and neurostimulation.

The medical device of claim 7, wherein the control
module is configured to monitor electrical physiolog-
ical signals of the patient via the electrical connec-
tion.

A method comprising:

connecting a control module to one of a planar
substrate and a plurality of recessed substrates,
wherein the planar substrate includes at least
one of a first semiconductor material and a first
insulating material, wherein the plurality of re-
cessed substrates includes at least one of a
semiconductor material and an insulating mate-
rial, and wherein the control module is config-
ured to one of determine a physiological param-
eter of a patient and deliver electrical therapy to
the patient;

connecting an energy storage device to one of
the planar substrate and the plurality of recessed
substrates;

interfacing the the planar substrate and the plu-
rality of recessed substrates such thatthe planar
substrate and the plurality of recessed sub-
strates define a plurality of enclosed cavities be-
tween the planar substrate and the plurality of
recessed substrates, at least one of the plurality
ofenclosed cavities including the control module
and the energy storage device; and

heating an interface between the planar sub-
strate and the plurality of recessed substrates
toform a bond between the planar substrate and
the plurality of recessed substrates; wherein the
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method is characterised in that:

the planar substrate and the plurality of re-
cessed substrates comprise glass sub-
strates;

a light absorbing layer (140), which pro-
motes bonding between recessed and pla-
nar substrates, is provided at the interface
between the planar substrate and the plu-
rality of recessed substrates; and

heating an interface between the planar
substrate and the plurality of recessed sub-
strates to form a bond between the planar
substrate and the plurality of recessed sub-
strates comprises the light absorbing layer
absorbing light at a wavelength that is trans-
mitted by one of the planar substrate and
the plurality of recessed substrates.

Patentanspriiche

Medizinische Vorrichtung umfassend:

ein planares Substrat (102), das zumindest eins
von einem ersten Halbleitermaterial und einem
ersten Isoliermaterial umfasst;

eine Mehrzahl von eingelassenen bzw. mit Aus-
nehmungen ausgebildeten Substraten (104),
die zumindest eins von einem Halbleitermaterial
und einem Isoliermaterial umfasst, wobei die
Mehrzahl von eingelassenen Substraten derart
an das planare Substrat gebunden sind, dass
das planare Substrat und die Mehrzahl von ein-
gelassenen Substraten eine Mehrzahl von ein-
liegenden Hohlrdumen (116) zwischen dem pla-
naren Substrat und der Mehrzahl von eingelas-
senen Substraten definieren;

ein Steuermodul (180), das innerhalb zumindest
eines der Mehrzahl von einliegenden Hohlrau-
men angeordnet ist, wobei das Steuermodul zu
zumindest einem konfiguriert ist von:

Bestimmen eines physiologischen Parame-
ters eines Patienten und Abgeben einer
elektrischen Stimulation an den Patienten;
und

eine Energiespeichervorrichtung (106), die
innerhalb des zumindest einen der Mehr-
zahl von einliegenden Hohlrdumen ange-
ordnet ist, die konfiguriert ist, um Energie
an das Steuermodul zu liefern; wobei die
medizinische Vorrichtung dadurch ge-
kennzeichnet ist, dass:

das planare Substrat und die Mehrzahl
von eingelassenen Substraten Glas-
substrate umfassen und die medizini-
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sche Vorrichtung eine lichtabsorbie-
rende Schicht (140) aufweist, die inner-
halb der Bindung zwischen dem plana-
ren Substrat und der Mehrzahl von ein-
gelassenen Substraten abgelagert ist,
wobei die lichtabsorbierende Schicht,
die eine Bindung zwischen eingelasse-
nen und planaren Substraten férdert,
Licht bei einer Wellenléange absorbiert,
die von einem von dem planaren Sub-
strat und der Mehrzahl von eingelasse-
nen Substraten transmittiert wird.

Medizinische Vorrichtung nach Anspruch 1, wobei
die lichtabsorbierende Schicht eine Siliziumschicht
ist, die innerhalb der Bindung zwischen dem plana-
ren Substrat und der Mehrzahl von eingelassenen
Substraten abgelagert ist.

Medizinische Vorrichtung nach Anspruch 1, wobei
zumindest ein Abschnitt des Steuermoduls auf ei-
nem Mikroplattchen angeordnet ist und wobei das
Mikroplattchen an einem von dem planaren Substrat
und der Mehrzahl von eingelassenen Substraten
montiert ist.

Medizinische Vorrichtung nach Anspruch 1, wobei
zumindest ein Abschnitt des Steuermoduls in einem
von dem planaren Substrat und der Mehrzahl von
eingelassenen Substraten angefertigt ist.

Medizinische Vorrichtung nach Anspruch 1, ferner
umfassend einen Sensor (182), der innerhalb des
einliegenden Hohlraumes untergebracht ist, wobei
der Sensor einen von einem Temperatursensor, ei-
nem Drucksensor, einem Beschleunigungsmesser
und einem gyroskopischen Sensor umfasst und wo-
bei das Steuermodul zumindest eines von einer
Temperatur des Patienten, einem Druck innerhalb
des Patienten, einem Aktivitatsniveau des Patienten
und einer Haltung des Patienten basierend auf Sig-
nalen bestimmt, die vom Sensor empfangen wer-
den.

Medizinische Vorrichtung nach Anspruch 1, wobei
die Energiespeichervorrichtung eine Feststoffbatte-
rie umfasst und wobei die Feststoffbatterie derart
montiert ist, dass die Feststoffbatterie zumindest ei-
nen Abschnitt des Steuermoduls Gberspannt.

Medizinische Vorrichtung nach Anspruch 1, ferner
umfassend eine elektrische Verbindung, die sichvon
dem Steuermodul durch eins von dem planaren Sub-
strat und der Mehrzahl von eingelassenen Substra-
ten zu einer externen Oberflache der Vorrichtung er-
streckt.

Medizinische Vorrichtung nach Anspruch 7, wobei
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das Steuermodul konfiguriertist, um gegeniiber dem
Patienten eine elektrische Stimulation Gber die elek-
trische Verbindung bereitzustellen.

Medizinische Vorrichtung nach Anspruch 8, wobei
die elektrische Stimulation eine von einer kardialen
elektrischen Stimulation und einer Neurostimulation
umfasst.

Medizinische Vorrichtung nach Anspruch 7, wobei
das Steuermodul konfiguriertist, um elektrische phy-
siologische Signale des Patienten Uber die elektri-
sche Verbindung zu beobachten.

Verfahren umfassend:

Verbinden eines Steuermoduls mit einem von
einem planaren Substrat und einer Mehrzahl
von eingelassenen Substraten, wobei das pla-
nare Substratzumindest eines von einem ersten
Halbleitermaterial und einem ersten Isolierma-
terial umfasst, wobei die Mehrzahl von einge-
lassenen Substraten zumindest eins von einem
Halbleitermaterial und einem Isoliermaterial
umfasst und wobei das Steuermodul konfigu-
riert ist zu einem von Bestimmen eines physio-
logischen Parameters eines Patienten und Ab-
geben einer elektrischen Therapie an den Pati-
enten;

Verbinden einer Energiespeichervorrichtung
mit einem von dem planaren Substrat und der
Mehrzahl von eingelassenen Substraten;
Koppeln des planaren Substrats und der Mehr-
zahl von eingelassenen Substraten derart, dass
das planare Substrat und die Mehrzahl von ein-
gelassenen Substraten eine Mehrzahl von ein-
liegenden Hohlrdumen zwischen dem planaren
Substrat und der Mehrzahl von eingelassenen
Substraten definieren, wobei zumindest einer
der Mehrzahl von einliegenden Hohlrdumen das
Steuermodul und die Energiespeichervorrich-
tung umfasst; und

Heizen einer Kopplung zwischen dem planaren
Substrat und der Mehrzahl von eingelassenen
Substraten, um eine Bindung zwischen dem pla-
naren Substrat und der Mehrzahl von eingelas-
senen Substraten zu bilden, wobei das Verfah-
ren dadurch gekennzeichnet ist, dass:

das planare Substrat und die Mehrzahl von
eingelassenen Substraten Glasssubstrate
umfassen;

eine lichtabsorbierende Schicht (140), die
eine Bindung zwischen eingelassenen und
planaren Substraten férdert, an der Kopp-
lung zwischen dem planaren Substrat und
der Mehrzahl von eingelassenen Substra-
ten bereitgestellt wird; und
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das Heizen einer Kopplung zwischen dem
planaren Substrat und der Mehrzahl von
eingelassenen Substraten, um eine Bin-
dung zwischen dem planaren Substrat und
der Mehrzahl von eingelassenen Substra-
ten zu bilden, umfasst, dass die lichtabsor-
bierende Schicht Licht bei einer Wellenlan-
ge absorbiert, die von einem von dem pla-
naren Substrat und der Mehrzahl von ein-
gelassenen Substraten transmittiert wird.

Revendications

Dispositif médical comportant :

un substrat plan (102) qui inclut au moins un
matériau parmi un premier matériau semi-con-
ducteur et un premier matériau isolant ;

une pluralité de substrats évidés (104) qui inclut
au moins un matériau parmi un matériau semi-
conducteur et un matériau isolant, la pluralité de
substrats évidés étant liée au substrat plan de
telle sorte que le substrat plan et la pluralité de
substrats évidés définissent une pluralité de ca-
vités fermées (116) entre le substrat plan et la
pluralité de substrats évidés ;

un module de commande (180) disposé a I'in-
térieur d’au moins une cavité parmi la pluralité
de cavités fermées, le module de commande
étant configuré pour exécuter au moins une ac-
tion parmi :

déterminer un paramétre physiologique
d’un patient et délivrer une stimulation élec-
trique au patient ; et

un dispositif de stockage d’énergie (106)
disposé a I'intérieur de la au moins une ca-
vité parmi la pluralité de cavités fermées
configurées pour fournir du courant au mo-
dule de commande ;

dans lequel le dispositif médical est carac-
térisé en ce que :

le substrat plan et la pluralité de subs-
trats évidés comportent des substrats
en verre et le dispositif médical com-
porte une couche d’absorption de lu-
miére (140) déposée a l'intérieur de la
liaison entre le substrat plan et la plu-
ralité de substrats évidés, dans lequel
la couche d’absorption de lumiére, qui
favorise une liaison entre des substrats
évidés et plan, absorbe lalumiére a une
longueur d’onde qui est transmise par
un substrat parmi le substrat plan et la
pluralité de substrats évidés.
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Dispositif médical selon la revendication 1, dans le-
quel la couche d’absorption de lumiére est une cou-
che de silicium déposée a l'intérieur de la liaison en-
tre le substrat plan et la pluralité de substrats évidés.

Dispositif médical selon la revendication 1, dans le-
quel au moins une partie du module de commande
est disposée sur une puce, et dans lequel la puce
est montée sur un substrat parmi le substrat plan et
la pluralité de substrats évidés.

Dispositif médical selon la revendication 1, dans le-
quel au moins une partie du module de commande
est fabriquée dans un substrat parmile substrat plan
et la pluralité de substrats évidés.

Dispositif médical selon la revendication 1, compor-
tant en outre un capteur (182) regu a l'intérieur de la
cavité fermée, dans lequel le capteur inclut un élé-
ment parmi un capteur de température, un capteur
de pression, un accélérometre et un capteur gyros-
copique, et dans lequel le module de commande dé-
termine au moins un élément parmi une température
du patient, une pression a l'intérieur du patient, un
niveau d’activité du patient et une position du patient,
sur la base de signaux regus du capteur.

Dispositif médical selon la revendication 1, dans le-
quel le dispositif de stockage d’énergie inclut une
batterie a électrolyte solide, et dans lequel la batterie
a électrolyte solide est montée de telle sorte que la
batterie a électrolyte solide chevauche au moins une
partie du module de commande.

Dispositif médical selon la revendication 1, compor-
tant en outre une connexion électrique qui s’étend a
partir du module de commande a travers un substrat
parmi le substrat plan et |a pluralité de substrats évi-
dés, jusqu’a une surface externe du dispositif.

Dispositif médical selon la revendication 7, dans le-
quel le module de commande est configuré pour
fournir une stimulation électrique au patient via la
connexion électrique.

Dispositif médical selon la revendication 8, dans le-
quel la stimulation électrique inclut une stimulation
parmi une stimulation électrique cardiaque et une
neurostimulation.

Dispositif médical selon la revendication 7, dans le-
quel le module de commande est configuré pour sur-
veiller des signaux physiologiques électriques du pa-
tient via la connexion électrique.

Procédé comportant les étapes consistant a :

raccorder un module de commande a un subs-
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trat parmi un substrat plan et une pluralité de
substrats évidés, dans lequel le substrat plan
inclut au moins un matériau parmi un premier
matériau semi-conducteur et un premier maté-
riau isolant, dans lequel la pluralité de substrats
évidés inclut au moins un matériau parmi un ma-
tériau semi-conducteur et un matériau isolant,
etdans lequel le module de commande est con-
figuré pour exécuter au moins une action parmi
déterminer un paramétre physiologique d’'un pa-
tient et délivrer une thérapie électrique au
patient ;

raccorder un dispositif de stockage d’énergie a
un substrat parmi le substrat plan et la pluralité
de substrats évidés ;

établir une interface entre le substrat plan et la
pluralité de substrats évidés de telle sorte que
le substrat plan et la pluralité de substrats évidés
définissent une pluralité de cavités fermées en-
tre le substrat plan et la pluralité de substrats
évidés, au moins une cavité parmila pluralité de
cavités fermées incluantle module de comman-
de et le dispositif de stockage d’énergie ; et
chauffer une interface entre le substrat plan et
la pluralité de substrats évidés pour former une
liaison entre le substrat plan et la pluralité de
substrats évidés ; danslequelle procédé est ca-
ractérisé en ce que :

le substrat plan et la pluralité de substrats
évidés comportent des substrats en verre ;
une couche d’absorption de lumiére (140),
qui favorise une liaison entre des substrats
évidés et plan, est fournie a l'interface entre
le substrat plan et la pluralité de substrats
évidés ; et

le chauffage d’'une interface entre le subs-
trat plan et la pluralité de substrats évidés
pour former une liaison entre le substrat
plan et la pluralité de substrats évidés com-
porte la couche d’absorption de lumiére ab-
sorbant la lumiere a une longueur d’'onde
qui est transmise par un substrat parmi le
substrat plan et la pluralité de substrats évi-
dés.
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