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PASSIVES VIA BAR

TECHNICAL FIELD

[0001] This disclosure relates generally to packaging of
devices and more particularly to glass via bars for intercon-
necting multiple layers, substrates or components of a pack-
age.

DESCRIPTION OF THE RELATED
TECHNOLOGY

[0002] Microelectronic devices can include multiple com-
ponents including and electromechanical systems (EMS)
dies. For example, EMS dies can be electrically connected to
driver integrated circuit (IC) dies in an electronic device.
Electromechanical systems include devices having electrical
and mechanical elements, actuators, transducers, sensors,
optical components (including mirrors) and electronics. Elec-
tromechanical systems can be manufactured at a variety of
scales including, but not limited to, microscales and nanos-
cales. Microelectromechanical systems (MEMS) devices can
include structures having sizes ranging from about a micron
to hundreds of microns or more. Nanoelectromechanical sys-
tems (NEMS) devices can include structures having sizes
smaller than a micron including, for example, sizes smaller
than several hundred nanometers.

[0003] Packaging in a system can protect the functional
units of the system from the environment, provide mechanical
support for the system components, and provide an interface
for electrical interconnections. Three-dimensional (3-D)
packaging having multiple stacked dies can reduce package
sizes in microelectronic systems.

SUMMARY

[0004] The systems, methods and devices of the disclosure
each have several innovative aspects, no single one of which
is solely responsible for the desirable attributes disclosed
herein.

[0005] One innovative aspect of the subject matter
described in this disclosure can be implemented in an appa-
ratus including a glass bar having one or more through-glass
vias. Example thicknesses of the glass bar can between about
300 and 700 microns and example lengths and widths of the
glass bar can be between about 1 and 15 millimeters. Example
through-glass via densities can range from 6 vias per milli-
meter square to 200 vias per millimeter square. Example via
diameters can be between about 30 microns and 50 microns.
Examples of glass bar materials include photo-patternable
glass. Examples of through-glass via materials include plated
coppet.

[0006] Insome implementations, the glass bar can include
one or more passive devices. Examples of passive devices
include inductors, capacitors and resistors. In some imple-
mentations, a passive device can be connected to one or more
through-glass vias. In some implementations, the glass bar
can include two or more through-glass vias connected to form
an inductor. In some implementations, the glass bar can
include one or more configurable passive devices. For
example, in some implementations, a passive device can be
configured during an embedded wafer-level process.

[0007] Another innovative aspect of the subject matter
described in this disclosure can be implemented in a package
including a glass bar that includes one or more through-glass
vias and a mold embedding the glass bar. In some implemen-
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tations, the package can further include a semiconductor die
embedded in the mold and in electrical communication with
the one or more through-glass vias. For example, a package
can include a single semiconductor die and a plurality of glass
bars embedded in the mold. In another example, a package
can include a plurality of semiconductor dies and associated
glass bars embedded in the mold. In some implementations,
the glass bar can include one or more passive devices.

[0008] Another innovative aspect of the subject matter
described in this disclosure can be implemented in a method
including forming a plurality of passive components on a
glass substrate, forming a plurality of through-glass via holes
in the glass substrate, metallizing the through-glass via holes,
and singulating the glass substrate to form a plurality of glass
via bars each having a thickness between about 300 and 700
microns and a length between about 1 and 15 millimeters.

[0009] In some implementations, the glass substrate is a
photo-patternable glass substrate and forming the plurality of
through-glass via holes includes patterning and etching the
photo-patternable glass substrate. In some implementations,
forming the plurality of through-glass via holes includes laser
ablation of the glass substrate. In some implementations,
metallizing the through-glass via holes includes electroplat-
ing.

[0010] The method can further include connecting one or
more of the plurality of passive devices to at least one of the
plurality of metallized through-glass via holes. In some
implementations, the method further includes connecting two
or more of the plurality of metallized through-glass via holes
to form an inductor.

[0011] Another innovative aspect of the subject matter
described in this disclosure can be implemented in a method
including placing a plurality of semiconductor dies and a
plurality of glass via bars on a carrier substrate, embedding
the plurality of semiconductor dies and the plurality of glass
via bars in a mold compound to form a mold structure, form-
ing one or more redistribution layers on the mold structure,
forming inter-level interconnects, and singulating the mold
structure to form a plurality of molded dies each including at
least one semiconductor, at least one glass via bar, and a
plurality of inter-level interconnects. In some implementa-
tions, the plurality of glass via bars can include integrated
passive components.

[0012] Details of one or more implementations of the sub-
ject matter described in this specification are set forth in the
accompanying drawings and the description below. Other
features, aspects, and advantages will become apparent from
the description, the drawings, and the claims. Note that the
relative dimensions of the following figures may not be drawn
to scale.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIGS. 1A-1C show examples of isometric sche-
matic illustrations of glass via bars.

[0014] FIG. 2 shows an example of an isometric schematic
illustration of a portion of a glass via bar including passive
components.

[0015] FIG. 3 shows an example of a flow diagram illus-
trating a batch manufacturing process for glass via bars.
[0016] FIG. 4 shows an example of a flow diagram illus-
trating a manufacturing process for a glass via bar using
photo-patternable glass.
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[0017] FIGS. 5A-5G show examples of cross-sectional
schematic illustrations of various stages in a method of a
making a glass via bar.

[0018] FIG. 6A shows an example of a schematic illustra-
tion of a top surface of a configurable glass via bar.

[0019] FIG. 6B shows an example of a schematic illustra-
tion of the top surface of the glass via bar of FIG. 6A after
configuration.

[0020] FIGS. 7A-7C show examples of cross-sectional
schematic illustrations of embedded wafer level packaging
(eWLP) packages including glass via bars.

[0021] FIG. 8 shows an example of a flow diagram illus-
trating a packaging process employing a glass via bar.
[0022] FIGS. 9A-9H show examples of cross-sectional
schematic illustrations of various stages in a method of pack-
aging employing a glass via bar.

[0023] FIGS.10A-10C show examples of various views of
a molded die including an embedded semiconductor die and
glass via bars.

[0024] FIG. 11 shows an example of a schematic cross-
sectional illustration of a package-on-package (PoP) that
includes glass via bars.

[0025] FIG. 12 shows an example of a flow diagram illus-
trating a PoP packaging process employing a glass via bar.
[0026] FIGS.13A and 13B show examples of system block
diagrams illustrating a display device that includes a pack-
aged semiconductor chip in electrical connection with a glass
via bar.

[0027] Like reference numbers and designations in the
various drawings indicate like elements.

DETAILED DESCRIPTION

[0028] The following description is directed to certain
implementations for the purposes of describing the innova-
tive aspects of this disclosure. However, a person having
ordinary skill in the art will readily recognize that the teach-
ings herein can be applied in a multitude of different ways.
Thus, the teachings are not intended to be limited to the
implementations depicted solely in the Figures, but instead
have wide applicability as will be readily apparent to one
having ordinary skill in the art.

[0029] Some implementations described herein relate to
glass via bars that include through-glass vias. The glass via
bars can be used, for example, to provide inter-level connec-
tions in stacked three-dimensional (3-D) packages. In some
implementations, the glass via bars can be part of an embed-
ded wafer level package. In some implementations, the glass
via bars can include high density arrays of through-glass vias.
In some implementations, the glass via bars can include one
or more passive components on a surface of and/or embedded
within the glass via bars. In some implementations, a glass via
bar can be configurable, including banks of unconnected
through-glass vias and/or passive components that can be
configured for particular applications, for example, during
packaging.

[0030] Some implementations described herein relate to
packages including glass via bars. The packages can include
one or more semiconductor dies and one or more glass via
bars embedded within a mold structure. The glass via bars can
have one or more passive components on or within the glass
via bars. The packages can further include inter-level inter-
connects such as solder balls. In some implementations, the
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packages can further include one or more components such as
a surface mount technology (SMT) components, filters, and
MEMS dies.

[0031] Some implementations described herein relate to
methods of fabricating glass via bars. Methods of fabricating
glass via bars can include forming and filling through-glass
via holes of a large-area glass substrate and singulating the
substrate to form multiple glass via bars. In some implemen-
tations, passive components can be formed on the glass sub-
strate prior to singulation. In some implementations, forming
through-glass via holes can include patterning and etching
photo-patternable glass. Some implementations described
herein relate to methods of fabricating packages including
glass via bars. Methods of fabricating packages including
glass via bars can include forming a mold structure embed-
ding one or more semiconductor dies and one or more glass
via bars.

[0032] Particular implementations of the subject matter
described in this disclosure can be implemented to realize one
ormore of the following potential advantages. In some imple-
mentations, the glass via bars can provide the ability to scale
the via pitch from 500 microns to 50 microns and the via
diameter from 200 microns to 30 microns. Advantages of
scaling the pitch and diameter include fabricating smaller
packages and increasing capacity and flexibility in package
design.

[0033] Insome implementations, passive components can
be co-fabricated with and incorporated into the glass via bar.
Advantages of incorporating passive components into the
glass via bar include the ability to place the passive compo-
nents closer to semiconductor dies in a package, reducing the
electrical path length, increasing performance, reducing the
number of components, simplifying assembly, and reducing
cost. Further, for certain applications such as RF applications,
incorporating passive components on or in a glass bar can
reduce loss tangent in these passive components, which can in
turn reduce power consumption, increase the quality factor,
and reduce interference with other devices. In some imple-
mentations, incorporating a solenoid-type inductor into a
glass bar can allow confinement of electromagnetic field lines
horizontally with the low loss glass bar. Advantages of con-
fining electromagnetic field lines horizontally include reduc-
ing interference with devices packaged above or below the
glass bar.

[0034] In some implementations, the glass via bars can
include configurable passive components. Advantages of pro-
viding configurable passive components include the ability to
tailor the glass via bars during packaging for particular appli-
cations, providing a standard template for a variety of appli-
cations, simplified manufacturing, reduced design time,
faster development time, and lower cost. In some implemen-
tations, the glass via bars can be tested prior to incorporation
into a package. The ability to test vias and passive compo-
nents can provide high yields. In some implementations, the
glass via bars can facilitate fabrication of stacked die pack-
ages.

[0035] Packaging of devices, including EMS devices and
integrated circuit devices, can protect the functional units of
the devices from the environment, provide mechanical sup-
port for the devices, and provide a high-density interface for
electrical interconnections between devices and substrates.
[0036] Implementations described herein relate to glass via
bars that include through-glass vias. The glass via bars can be
used, for example, to provide inter-level connections in
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stacked three-dimensional (3-D) packages. In some imple-
mentations, the glass via bars can be part of an embedded
wafer level package. Embedded wafer level packaging
(eWLP), also referred to as extended wafer level packaging,
leverages wafer level processing to package singulated dies,
such as semiconductor dies. The dies are placed on a carrier
substrate, and a curable compound is used to fill gaps between
the dies and the edges around the dies. The cured compound
forms a mold frame around the dies. The dies and molding
form an artificial wafer, also referred to as a reconfigured
wafer, which can then undergo wafer level processing includ-
ing addition of a redistribution layer and solder balls, fol-
lowed by package singulation. eWLP can also be referred to
as embedded or extended wafer level ball grid array (eWLB),
fan out wafer level chip scale packaging (fan out WLCSP),
fan out wafer level packaging (fan out WLP) and advanced
wafer level packaging (aWLP). eWLP packages including
glass via bars are described further below with respect to
FIGS. 7A-7C.

[0037] FIGS. 1A-1C show examples of isometric sche-
matic illustrations of glass via bars. FIG. 1A shows an
example of a glass via bar 100 including through-glass vias
106. The glass via bar 100 has a length [, a width W and a
height H. (It should be noted that the geometry is not shown
to scale with the height expanded for the purposes of illustra-
tion.) Example dimensions of the glass via bar 100 include a
length [ between about 1 mm and 6 mm, a width W between
about 1 mm and 6 mm, and a height H between about 300
microns and 700 microns. In implementations in which the
glass via bar 100 is to be packaged in a mold structure as
described below with respect to FIGS. 7A-7C, the height H
can be the equal to the thickness of the mold structure. In
some implementations, the length and width of the glass via
bar can be larger, for example, up to about 15 mm. While the
glass via bar 100 in the example of FIG. 1A and the remaining
Figures is a rectangular cuboid, the glass via bar 100 may
have any shape. For example, the glass via bar 100 may have
a3-D L-shape, a cylindrical shape, or other shape appropriate
for a particular package layout, with dimensions on the order
ofabout 1 mm to 15 mm. Moreover, although it is depicted as
transparent in the associated Figures, the glass via bar 100
may be transparent or non-transparent. The glass via bar can
be a borosilicate glass, a soda lime glass, quartz, Pyrex, or
other suitable glass material. In some implementations, the
glass substrate is a borosilicate glass substrate that can be
ablated by laser radiation. In some implementations, the glass
substrate is a photo-patternable glass substrate.

[0038] The through-glass vias 106 extend through the glass
via bar 100, providing conductive pathways between oppos-
ing faces. Example diameters of the glass vias 106 can range
from about 30 microns and 100 microns. The through-glass
vias 100 can also have any appropriate shape. For example, in
certain implementations, via openings for through-glass vias
100 can be circular, semi-circular, oval, rectangular, polygo-
nal, rectangular with rounded edges, polygonal sharp edges,
or otherwise shaped. Also according to various implementa-
tions, the through-glass vias 100 can have linear or curved
sidewall contours. The glass via bar 100 can include any
number of through-glass vias placed or arrayed in any regular
or irregular arrangement. For example, the glass via bar 100
may have between about 1 and 24 through-glass vias 106.
Example pitches (center-to-center distances) of the through-
glass vias 106 in the glass via bar can range from about 40
microns to about 200 microns.
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[0039] Insome implementations, the glass via bar 100 may
include unfilled through-glass via holes. FIG. 1B shows an
example of a glass via bar 100 including through-glass vias
106 and unfilled through-glass via holes 132, which can be
formed into through-glass vias by the addition of conductive
material. In some implementations, the through-glass via bar
may be provided with an arrangement of through-glass via
106 and unfilled through-glass via holes 132 for a particular
packaging layout. The unfilled through-glass via holes 132
can facilitate large scale production of the glass via bars 100
without wasting conductive material not used for the particu-
lar layout. In some implementations, the glass via bar 100
may include through-glass via holes filled with a non-con-
ductive material. FIG. 1C shows an example of a glass via bar
100 including through-glass vias 106 and filled non-conduc-
tive via holes 134. In some implementations, the filled non-
conductive via holes 134 can be filled with a thermally con-
ductive filler material. The thermally conductive filler
material may serve as a thermally conductive path to transfer
heat from devices on one side of the glass via bar 100 to the
other. In some implementations, the filled non-conductive via
holes 134 can be filled with a filler material that seals the via
holes to prevent transfer of liquids or gases through the via
holes. In some implementations, the filled non-conductive via
holes 134 can be filled with a filler material that provides
mechanical support and/or stress relief to the glass via bar
100. In some implementations (not shown), the glass via bar
100 may include through-glass via holes conformally coated
with a conductive material. The interior of the through-glass
via holes can be left unfilled or filled with a non-conductive
material as described above.

[0040] In some implementations, the glass via bar 100 is
provided with conductive routing on one or more of its faces.
In some implementations, the glass via bar 100 is provided
with one or more integrated passive components. An inte-
grated passive component is a passive component provided
on one or more of faces or embedded within the glass via bar
100. FIG. 2 shows an example of an isometric schematic
illustration of a portion of a glass via bar including passive
components. The glass via bar 100 includes a top surface
138a and through-glass vias 106 that extend through the glass
via bar 100. Passive components including a capacitor 144
and a resistor 142 can be formed on the top surface 138a.
Plated conductive routing 140 also can be formed on the
surface 138a. In some implementations, multiple through-
glass vias 106 can be connected to form a solenoid-type
inductor. In the example of FIG. 2, a portion of a solenoid
inductor 146 formed by connecting multiple through-glass
vias 106 on the top surface 138a and the bottom surface (not
shown) is depicted. As illustrated, to form the solenoid induc-
tor 146, through-glass vias are connected to diagonally adja-
cent through-glass vias on the top surface 138a of the glass
via bar while through-glass vias are connected to laterally
adjacent vias on the bottom surface of the glass via bar, and
vice versa. In some implementations, a configurable glass via
bar can be provided with a plurality of passives formed one or
more surfaces unconnected to a plurality of through-glass
vias. The configurable glass via bar can be configured during
an eWLP process, for example, with all or a subset of surface
passive components connected to one or more through-glass
vias and/or all or a subset of through-glass vias intercon-
nected to form one or more solenoid-type inductors. Config-
urable glass via bars are further discussed below with respect
to FIGS. 6A and 6B.
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[0041] Manufacturing processes for fabricating glass via
bars are described below with respect to FIGS. 3-5G. In some
implementations, glass via bars can be fabricated in batch
level processes. Batch level processes form a plurality of
glass via bars simultaneously. FIG. 3 shows an example of a
flow diagram illustrating a batch manufacturing process for
glass via bars. The process 200 begins at a block 202 with
forming passive components for a plurality of glass via bars
on one or more surfaces of a glass substrate. The glass sub-
strate can be a panel, sub-panel, wafer, sub-wafer or other
appropriate type of substrate. For example, in some imple-
mentations, the glass substrate can be a glass plate or panel
having an area on the order of four square meters or greater. In
some other implementations, the glass substrate can be a
round substrate with a diameter of 100 mm, 150 mm or other
appropriate diameter. The thickness of the glass substrate can
be the same as the height of the glass via bars that are to be
fabricated from the glass substrate. Example thicknesses
range from about 300 microns to about 700 microns. In some
implementations, the thickness of the glass substrate can be
greater than that the glass via bars, if for example, the glass
substrate can be thinned in subsequent processing.

[0042] The glass substrate may be or include, for example,
a borosilicate glass, a soda lime glass, quartz, Pyrex, or other
suitable glass material. In some implementations, the glass
substrate is a borosilicate glass substrate that can be ablated
by laser radiation. In some implementations, the glass sub-
strate can have a coefficient of thermal expansion (CTE)
matched to the CTE of another component of a package, or
between the CTEs of two or more components of a package.
For example, a glass substrate can have a relatively low CTE
of about 3.4 ppm/° C. matched to silicon, a relatively high
CTE of about 10 ppm/® C. matched close a printed circuit
board or mold compound, or a CTE between these compo-
nents. In some implementations, the glass substrate is a
photo-patternable glass substrate. Photo-patternable glasses
are discussed further below with respect to FIG. 4.

[0043] Forming passive components on one or more sur-
faces of the glass substrate can include one or more thin film
deposition and etching operations. For example, one or more
metal, dielectric and passivation layers can be deposited and
patterned to form the passive components. Examples of depo-
sition techniques can include PVD, CVD, atomic layer depo-
sition (ALD), electrolytic plating, and electroless plating. In
some implementations, the passive components include one
or more capacitors, inductors, and/or resistors. In some
implementations, the passive components can include a vari-
able capacitor, a varactor, a filter, a transformer, a coupler, a
directional coupler, a power splitter, a transmission line, a
waveguide and/or an antenna.

[0044] The process 200 continues at block 204 with forma-
tion of through-glass via holes for a plurality of glass via bars
in the glass substrate. Block 204 can involve a sandblasting
process, laser ablation process, or photo-patterning process.
The process 200 continues at block 206 with metallization of
the through-glass via holes to form through-glass vias. Block
206 can include, for example, a plating process such as elec-
troless or electroplating. In some implementations, the
through-glass vias can be filled with a metal. In some other
implementations, the interior surfaces of the through-glass
via holes can be coated with a metal, with the remaining
portions of the through-glass via holes left unfilled or filled
with a conductive material, such as a metal, or a non-conduc-
tive material, such as a dielectric. Block 206 also can include
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forming one or more routing lines on one or more surfaces of
the glass substrate, for example, to electrically connect mul-
tiple through-glass vias.

[0045] In some implementations, the through-glass vias
can be connected to one or more surface passive components
and/or interconnected to each other to form, for example, one
or more solenoid-type inductors after block 204. In some
implementations, some or all of the through-glass vias
formed in block 206 and the surface passive components
formed in block 202 can be left unconnected after block 206.
In some such implementations, the through-glass vias and the
passive components can be connected in subsequent process-
ing, for example, during an eWLP process.

[0046] The process 200 continues at block 208 with singu-
lating the glass substrate to form a plurality of glass via bars,
each including through-glass vias and, if formed, surface
passive components. Dicing can include forming dicing
streets along which the glass substrate will be cut and cutting
along the dicing streets with a dicing saw or laser. According
to various implementations, the lateral dimensions of the
glass via bars formed in block 208 can be between about 1
mm and 15 mm, for example between about 1 and 6 mm.

[0047] FIG. 4 shows an example of a flow diagram illus-
trating a manufacturing process for a glass via bar using
photo-patternable glass. FIGS. 5A-5G show examples of
cross-sectional schematic illustrations of various stages in a
method of making a glass via bar. First turning to FIG. 4, the
process 250 begins at block 252 with patterning through-
glass via holes in a photo-patternable glass. In some imple-
mentations, “patterning” can refer to changing the chemical
or crystalline structure of the photo-patternable glass to form
altered regions and un-altered regions. Photo-patternable
glasses can include silicon oxide/lithium oxide (SiO,/Li,0)-
based glasses doped with one or more noble metals such as
silver (Ag) and cerium (Ce). Treating the photo-patternable
glass with electromagnetic radiation and heat can result in
chemical reactions that render the glass etchable with
etchants such as hydrofluoric (HF) acid. Examples of photo-
patternable glasses include APEX™ glass photo-definable
glass wafers by Life BioScience, Inc. and Forturan™ photo-
sensitive glass by Schott Glass Corporation. Patterning the
photo-patternable glass can include masking the glass to
define the through-glass via holes and exposing the unmasked
portions of the glass body to ultraviolet (UV) light and ther-
mal annealing. Examples of mask materials can include
quartz-chromium. The UV exposure can change the chemical
composition of the unmasked portions such that they have
high etch selectivity to certain etchants. For example, in some
implementations, a masked glass is exposed to UV light hav-
ing a wavelength between 280 and 330 nanometers. Exposure
to UV light in this range can cause photo-oxidation of Ce**
ions to Ce** ions, freeing electrons. Ag* ions can capture
these free electrons, forming Ag atoms. In some implemen-
tations, a two-stage post-UV exposure thermal anneal can be
performed. In the first stage, Ag atoms can agglomerate to
form Ag nanoclusters. In the second stage, crystalline lithium
silicate (Li5SiO;) forms around the Ag nanoclusters. The
masked regions of the glass are chemically unchanged and
remain amorphous. Thermal anneal temperatures can range
from about 500° C. to about 600° C., with the second stage
performed at a higher temperature than the first stage. The
crystalline portions of the glass can be etched in subsequent
processing, for example in block 256, while leaving the vit-
reous amorphous portions substantially unetched.
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[0048] The above-described process is one example of pat-
terning a photo-patternable glass, with other processes pos-
sible. In some implementations, for example, the glass may
include Al, Cu, boron (B), potassium (K), sodium (Na), zinc
(Zn), calcium (Ca), antimonium (Sb), arsenic (As), gold (Au),
magnesium (Mg), barium (Ba), lead (Pb), or other additives in
addition to or instead of the above-described components. In
some implementations, the photo-patternable glass may
include various additives to modify melting point, increase
chemical resistance, lower thermal expansion, modify elas-
ticity, modify refractive index or other optical properties, or
otherwise modify the characteristics of the glass. For
example, potassium oxide (K,O) and/or sodium oxide
(Na,O) may be used to lower the melting point and/or
increase chemical resistance of the photo-patternable glass
and zinc oxide (ZnO) or calcium oxide (CaO) may be used to
improve chemical resistance or reduce thermal expansion. In
some implementations, one or more other electron donors
may be used in addition to or instead of Ce. In some imple-
mentations, the photo-patternable glass may include one or
more oxygen donors.

[0049] Example UV dosages can range from 0.1 J/em? to
over 50 J/em®. The UV wavelength and dosage can vary
according to the composition and size of the photo-pattern-
able glass. The UV-induced chemical reactions can also vary
depending on the chemical composition of the photo-pattern-
able glass, as can the subsequent thermal-induced reactions.
Moreover, in some implementations, these reactions may be
driven by energy sources other than UV radiation and thermal
energy, including but not limited to other types of electromag-
netic radiation. In general, treating the unmasked areas of the
photo-patternable glass with one or more types of energy
produces can produce crystalline composition such as poly-
crystalline ceramic. The conversion to a crystalline ceramic
allows the photo-patternable glass to be etched.

[0050] FIG. 5A shows an example of a cross-sectional
schematic illustration of a photo-patternable glass prior to
patterning. Glass substrate 300 is a photo-patternable glass
and can be, for example, a SiO,/Li,O-based glass as
described above, and can have a thickness for example,
between about 300 microns and 700 microns. In some imple-
mentations in which the glass via bars are formed as part of a
batch process as described above with respect to FIG. 3, the
depicted portion of the glass substrate 300 can be one repeat
unit of a larger glass panel or wafer. FIG. 5B shows an
example of a cross-sectional schematic illustration of the
photo-patternable glass after patterning, for example, after
block 252 in FIG. 4. The glass substrate 300 includes crys-
talline portions 302, which extend through the thickness of
the glass substrate 300 and that will eventually be etched to
form through-glass via holes. In the example of FIG. 5B, the
crystalline portions 302 have a slightly angled profile.
Accordingly to various implementations, the crystalline por-
tions 302, and thus the through-glass via holes, can have
substantially straight sidewalls with an angle ranging from
about 80° to about 90° from the top surface of the photo-
patternable glass.

[0051] Returning to FIG. 4, the process 250 continues at a
block 254 with forming one or more passive components on
a surface of the photo-patternable glass. As described above
with respect to FIG. 3, forming one or more passive compo-
nents can include thin film deposition and patterning opera-
tions. FIG. 5C shows an example of a cross-sectional sche-
matic illustration of a photo-patternable glass including a
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capacitor formed on a surface of the photo-patternable glass.
The capacitor 144 includes metal layers 306 and 308 and
dielectric layer 310. The dielectric layer 310 and a passivation
layer 312 cover the amorphous portions of the glass substrate
300. Contact points to each of the metal layers 306 and 308
are patterned. Examples of metal layers can include but are
not limited to Al, Mo, Cu, and alloys and combinations
thereof, such as aluminum niodium (AINd) and aluminum
copper (AlCu). Examples of dielectric materials can include
but are not limited to SiO,, silicon oxynitrides, zirconium
oxide (Zr0), and laminated dielectrics.

[0052] Returning to FIG. 4, the process 250 continues at a
block 256 with etching the photo-patternable glass to form
through-glass viaholes. Any etch chemistry having a substan-
tially higher etch selectivity for the crystalline portions 302 of
the glass substrate 300 than the amorphous portions of the
glass substrate 300 can be used, including wet and dry etch-
ing. In one example, 10% HF solution can be employed for
wet etching. In another example a fluorine-based dry etch can
be employed, using a chemistry such as XeF,, tetrafluo-
romethane (CF,) or sulfur hexafluoride (SF). The etchant
exposure time is long enough such that the photo-patternable
glass is etched through its thickness, forming the through-
glass via holes. In some implementations, the etch is followed
by a post-etch bake.

[0053] FIG. 5D shows an example of a cross-sectional
schematic illustration of a glass substrate after etch of
through-glass via holes. The amorphous portions of the glass
substrate 300 remain, with the crystalline portions etched
away to form through-glass via holes 132. In alternate imple-
mentations, the through-glass via holes 132 can be formed by
laser ablation of a laser-ablatable glass substrate. The
through-glass via holes 132 include interior surfaces 320, also
referred to as sidewall surfaces.

[0054] The process 250 continues at block 258 with filling
the through-glass via holes 132. In some implementations,
block 258 can include forming a seed layer on an interior
surface of the through-glass via holes, followed by plating to
fill the through-glass via holes. A seed layer may be deposited
by a process such as PVD, CVD, ALD, or an electroless
plating process. In some implementations, the seed layer may
include titanium nitride (TiN), ruthenium-titanium nitride
(Ru—TiN), platinum (Pt), palladium (Pd), Au, Ag, Cu, nickel
(N1), Mo, or tungsten (W). In some implementations, the
through-glass via holes are filled by electroplating. Examples
of plated metals can include Cu, Ni, Au, and Pd, and alloys
and combinations thereof. In some implementations, block
250 can further include patterning one or more of the top and
bottom surfaces of the glass to electrically isolate the through-
glass vias and/or passive components, form routing and con-
tacts to the through-glass vias and/or passive components,
interconnect multiple through-glass vias to form solenoid-
type inductors, and the like.

[0055] FIG. 5E shows an example of a cross-sectional sche-
matic illustration of a glass substrate after through-glass via
hole sidewall and surface metallization. The exposed surfaces
of'the structure in FIG. 5E, including the interior surfaces 320
of'the through-glass viaholes 132, the exposed surfaces of the
metal layers 306 and 308, and the passivation layer 312 are
conformally coated with a seed layer 314. FIG. 5F shows an
example of a cross-sectional schematic illustration of a glass
substrate after plating to fill the through-glass via holes. A
plated metal 316 fills the through-glass via holes 132 shown
in FIG. 5E, and covers the conformal seed layer 314. As
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described above, the plated metal 316 can be patterned in a
subsequent operation, as shown in FIG. 5G.

[0056] FIG. 5G shows an example of a cross-sectional
schematic illustration of a glass via bar including through-
glass vias and a passive component. The glass via bar 100
includes through-glass vias 106 formed in a glass substrate
300 and a capacitor 144 formed on a surface of the glass
substrate 300. The glass via bar 100 also includes plated
contacts 318 to metal layers 306 and 308 of the capacitor 144.
[0057] In some implementations, a configurable glass via
bar can be provided. A configurable glass via bar can have one
or more “banks” of components, i.e., one or more groups of
components available for use. For example, a configurable
glass via bar can have a bank of through-glass vias or a bank
of passive components available for connection. In some
implementations, a configurable glass via bar can have a bank
of through-glass vias and a bank of one or more types of
passive components available for connection. FIG. 6 A shows
an example of a schematic illustration of a top surface of a
configurable glass via bar. A glass via bar 100 includes a via
bank 330 and passive component banks 332. The bottom
surface (not shown) may or may not have one or more passive
component banks The via bank 330 includes arrayed through-
glass vias 106 and the passive component banks 332 include
surface passive components 326 and surface passive compo-
nents 328. Surface passive components 326 and 328 can be
different types of passive components formed on a surface of
the glass via bar 100; for example, the surface passive com-
ponents 326 can be resistors and the surface passive compo-
nents 328 can be capacitors. The via bank 330 can include any
number of through-glass vias arranged in an appropriate lay-
out. Each passive bank 332 can contain any number of dif-
ferent types of passive components in any appropriate layout,
with any number of components of any type. The glass viabar
100 can include one or more via banks 330 and one or more
passive component banks 332. In some implementations, the
glass via bar 100 can include a via bank 330 with no banks of
surface passive components. The glass via bar 100 in the
example of FIG. 6A is configurable, with both the through-
glass vias 106 and the surface passive components 326 and
328 available for configuration. In some implementations,
configurable, generic glass via bars can be provided for fur-
ther configuration in downstream processing, such as during
eWLP.

[0058] FIG. 6B shows an example of a schematic illustra-
tion of the top surface of the glass via bar of FIG. 6A after
configuration. Through-glass vias 106a-106d are connected
by routing lines 340 and similar routing lines on the bottom
surface (not shown) to form a solenoid-type inductor.
Through-glass via 106e is connected to surface passive com-
ponent 3264, through-glass via 106f'is connected to surface
passive component 3265 and through-glass via 106g is con-
nected to surface passive component 328a. Once so config-
ured, the surface passive components 326a and 328a may no
longer be configurable. The configuration shown in FIG. 6B
provides one example of a possible configuration, with any
arrangement of connections desired for a particular package
also possible. In some implementations, a configurable glass
via bar can be configured for a desired application during an
eWLP process or other packaging process. Once configured
for a particular application, a glass via bar may no longer be
configurable.

[0059] As indicated above, in some implementations, the
glass via bars described herein can be part of a can be part of
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eWLP packages. An eWLP package includes one or more
components embedded in a singulated mold compound.
FIGS. 7A-7C show examples of schematic cross-sectional
illustrations of eWLP packages that include glass via bars.
First turning to FIG. 7A, a mold structure 122 having a top
surface 124q and a bottom surface 1245 is depicted. The mold
structure 122 includes a mold compound 104 as well as com-
ponents embedded within the mold compound 104; in the
example of FIG. 7A, these components include a semicon-
ductor die 102 and glass via bars 100. Each of the glass via
bars 100 includes through-glass vias 106 that extend through
the thickness of the glass via bar 100 and provide electrical
connections from the top surface 1244 of the mold structure
122 to the bottom surface 1245. While the mold structure 122
in the example of FIG. 7A includes a single die, an arbitrary
number of dies can be included according to various imple-
mentations.

[0060] In some implementations, an eWLP package
includes one or more redistribution layers (RDLs) on one or
both sides of a mold structure. FIG. 7B shows an example of
a schematic cross-sectional illustration of an eWLP package
including redistribution layers. The eWLP package includes a
mold structure 122 as described above with respect to FIG.
7A andRDL layers 108 and 112. The RDL layers 108 and 122
can include electrically conductive routing lines and contacts
embedded in a dielectric material for carrying electrical sig-
nals. In the example of FIG. 7B, the RDL layer 112 includes
routing lines 114, which electrically connect the semiconduc-
tor die 102 to the through-glass vias 106 of the glass via bars
100, and connect the semiconductor die 102 and the through-
glass vias 106 to RDL pads (not shown) for further connec-
tion to inter-level interconnects. The RDL layer 108 includes
RDL pads 110, which are electrically connected to the
through-glass vias 106 of the glass via bars 100 and provide a
contact point for one or more overlying dies or other compo-
nents. In some implementations, electrically conductive rout-
ing lines and pads can be embedded within the mold structure
112 or disposed on one or both of the top and bottom surfaces
124a and 1245 of the mold structure. In some implementa-
tions, a RDL layer can be a multi-layer redistribution network
including alternating layers of metallization and dielectric
material.

[0061] An eWLP package can further include inter-level
interconnects configured to connect the mold structure to one
or more underlying or overlying substrates, dies, devices or
other components. FIG. 7C shows an example of a schematic
cross-sectional illustration of an eWLP package including
inter-level interconnects. The eWLP package includes a mold
structure 122 and RDL layers 108 and 112 as described above
with respect to FIGS. 7A and 7B, and inter-level intercon-
nects 118 and 120. The inter-level interconnects can include
appropriate electrical interconnection such as under bump
metallization (UBM) or solder balls. In the example of FIG.
7C, the inter-level interconnects 118 electrically connect top-
side components 116a and 1165. In some implementations,
the inter-level interconnects can connect to another layer or
substrate, including another mold structure. It should be
noted that the size, pitch, and placement of inter-level inter-
connects 118 and 120 and other ball array or other intercon-
nects described in this disclosure can be varied as appropriate.
[0062] The top-side components 116a and 1165 can each
be any appropriate component including any WLCSP die or
surface mount technology (SMT) component. In one
example, embedded die 102 can be a radio frequency inte-
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grated circuit (RF IC) die, top-side component 116a can be a
surface acoustic wave (SAW) die, and top-side component
1164 can be a radio frequency (RF) MEMS die.

[0063] FIG. 8 shows an example of a flow diagram illus-
trating a packaging process employing a glass via bar. FIGS.
9A-9H show examples of cross-sectional schematic illustra-
tions of various stages in a method of packaging employing a
glass via bar. Turning first to FIG. 8, the process 400 begins at
block 402 with placing semiconductor dies and glass via bars
on a carrier substrate to form a reconfigured wafer. Each
semiconductor die and glass via bar will eventually be part of
a singulated package containing one or more semiconductor
dies and one or more glass via bars. Examples of semicon-
ductor dies can include, but are not limited to, RF IC dies,
power management dies, application processors, microcon-
trollers, and memory dies. The glass via bars can include one
or more passive components, such as inductors, capacitors,
and resistors, on one or more surfaces. Further, the glass via
bars can include one or more through-glass vias connected to
form a solenoid-type inductor. In some implementations, pas-
sive components can be arranged to form one or more com-
ponents such as transformers, filters, matching circuits,
power combiners, and antennas. In some implementations,
the glass via bars are configurable glass via bars.

[0064] FIG. 9A shows an example of a cross-sectional
schematic illustration of a carrier substrate. A layer of mold-
ing tape 422 is disposed on the carrier substrate 420 and
provides a surface for the attachment of the semiconductor
dies and glass via bars. FIG. 9B shows an example of cross-
sectional schematic illustration of semiconductor dies and
glass via bars co-located on a carrier substrate. Two packag-
ing units 424 are depicted, each including a semiconductor
die 102 and glass via bars 100. The reconfigured wafer may
include tens, hundreds or more of such packaging units. Each
packaging unit 424 can contain one or more semiconductor
dies 102 and one or more glass via bars 100, such that the
correspondence between the number of semiconductor dies
and glass via bars can be less than, equal to, or greater than
one-to-one. In some implementations, the number of glass via
bars in a packaging unit 424 is greater than the number of
semiconductor dies 102. The semiconductor dies 102 and the
glass via bars 100 can be tested prior to being placed on the
carrier substrate.

[0065] Returning to FIG. 8, the process 400 continues at
block 404 with formation of a mold structure including
embedded semiconductor dies and glass via bars. Block 404
can include encapsulating the semiconductor dies and glass
via bars with a mold compound, such as an epoxy mold
compound, and curing the mold compound. Block 404 can
further include grinding the mold compound to expose at least
the through-glass vias of the glass via bars. In some imple-
mentations, the mold structure can then be detached from the
carrier substrate for further processing.

[0066] FIG. 9C shows an example of a cross-sectional
schematic illustration of a glass via bars 100 and semicon-
ductor dies 102 embedded in a mold compound 104. FIG. 9D
shows an example of a cross-sectional schematic illustration
of'a mold structure 122. The mold compound 104 is ground
back to expose the through-glass vias (not shown) of the glass
via bars 100. The mold structure 122 includes the mold com-
pound 104 as well as the semiconductor dies 102 and the glass
via bars 100. FIG. 9E shows an example of a cross-sectional
schematic illustration of the mold structure 122 detached
from a carrier substrate. The mold structure includes a top
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surface 1244 and a bottom surface 1245 available for electri-
cal connection to the semiconductor dies 102 and/or glass via
bars 100.

[0067] Returning to FIG. 8, the process 400 continues at
block 406 with the formation of one or more redistribution
layers (RDLs) on the mold structure. Block 406 can include
one or more deposition, plating and patterning operations of
dielectric and conductive materials to form routing for sig-
nals, power and ground, for example. In some implementa-
tions, block 406 can include electroplating Cu or other met-
allization and spin-coating and patterning a dielectric
material by photolithography. Examples of dielectric materi-
als include a polyimide material, a benzocyclobutene mate-
rial, a polybenzoxazole material, and an ABF film available
from Ajinomoto Fine-Techno.

[0068] If the glass via bars are configurable glass via bars
that have not yet been configured, block 406 can include
configuration of the configurable glass via bars. For example,
routing lines can be plated to configure one or more config-
urable glass via bars.

[0069] FIG. 9F shows an example ofa cross-sectional sche-
matic illustration of a package including a mold structure 122
and aRDIL 108. The RDIL. 108 is on the top surface 124q ofthe
mold structure 122 and can include routing and RDL pads
(not shown) that provide a contact point for one or more
overlying dies or other components. In some implementa-
tions, the RDL 108 can include conductive pathways between
through-glass vias on the glass via bars 100 to form inductors
(not shown). In some implementations, the RDL 108 can
include conductive pathways between passive components
(not shown) integrated on or in the glass via bars 100 and
through-glass vias to connect the semiconductor dies 102 to
the passive components. An RDL (not shown) may also be
formed on the bottom surface of the mold structure 122 to
provide connections between the glass via bars 100 and the
semiconductor dies 102.

[0070] The process 400 continues at block 406 with the
formation of inter-level interconnects. Block 406 can include
placement of solder balls on one or both sides of the package.
FIG. 9G shows an example of a cross-sectional schematic
illustration of a package including solder balls placed on the
top and bottom surfaces of a package. Inter-level intercon-
nects 118 and 120 are solder balls in the example of FIG. 9G,
with inter-level interconnects 118 having a smaller pitch than
the inter-level interconnects 120. The process 400 can con-
tinue at block 410 with singulation of the reconfigured wafer
to form individual molded dies. Each molded die can include
atleast one semiconductor die and at least one glass via bar. In
some implementations, each molded die includes more than
one glass via bar for each semiconductor die. FIG. 9H shows
an example of a cross-sectional schematic illustration of sin-
gulated individual molded dies. Each molded die 426
includes a semiconductor die 103 and glass via bars 100 in
electrical communication with inter-level interconnects 118
and 120.

[0071] FIGS.10A-10C show examples of various views of
a molded die including an embedded semiconductor die and
glass via bars. FIGS. 18A and 18B show examples of cutaway
isometric and exploded views, respectively, of a molded die
426. The molded die 426 includes a mold structure 122 and
inter-level interconnects 118 and 120. The mold structure 122
includes a semiconductor die 102 and glass via bars 100
embedded in a mold compound 104. The glass via bars 100
are spaced around the perimeter of the semiconductor die
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102. In some implementations, the location of a glass via bar
100 and its through-glass vias 106 can be optimized to enable
a short electrical path from a section of the semiconductor die
102 to the glass via bar 100 and its through-glass vias 106
and/or passive component, if any. Conductive routing 428 and
pads 430 on the top surface of the semiconductor die 103 and
the mold compound 104 (FIG. 10B) provide electrical con-
nection between through-glass vias and passive components
of'the glass via bars 100 and the inter-level interconnects 118.
The inter-level interconnects 118 electrically connect top-
side component 116. The semiconductor die 102 can be, for
example, a RF IC or power management die, with the top-side
component a WLCSP die or SMT component. FIG. 10C
shows an example of a close-up view of one of the glass via
bars 100 embedded in the mold compound 104. A capacitor
144 is formed on the bottom surface of the glass via bar 100.
The glass via bar 100 also includes through-glass vias 106,
which can be interconnected to form a solenoid-type induc-
tor, and unfilled through-glass via holes 132.

[0072] Examples of passives on glass via bars and semi-
conductor dies that can be packaged together as described
above with respect to FIGS. 1A-10C can include capacitors
co-packaged with a power management die, high density 3-D
capacitors co-packaged with a power management die, and
matching circuits network passives co-packaged with an RF
1C die. Examples of top- or bottom-side components (such as
top-side component 116 in FIGS. 10A and 10B) for a package
including matching circuits passives in a glass via bar and a
RF IC include SAW filters, tunable components, SMT com-
ponents, WLCSP MEMS, WLCSP filters, WLCSP dies, and
WLCSP additional passives.

[0073] In some implementations, the glass via bars
described herein can be included in a package-on-package
(PoP). PoP methods involve packaging multiple dies in sepa-
rate packages and then packaging the separate packages
together by stacking package on package. In some implemen-
tations, each packaged die can be tested prior to stacking to
find known good dies. According to various implementations,
the PoP’s described herein can include multiple discrete
packages of any type, including one or more logic, memory or
EMS packages. One or more packages in the PoPs described
herein can include one or more glass via bars.

[0074] FIG. 11 shows an example of a schematic cross-
sectional illustration of a PoP that includes glass via bars. The
PoP 440 includes a logic package 442 vertically integrated
with a memory package 444. The PoP 440 can be mounted on
a electronic device printed circuit board (PCB), such as a
mobile phone PCB, via inter-level interconnects 120.

[0075] The logic package 442 includes a mold structure
432 and a logic package substrate 448. The mold structure
432 has a top surface 464a and a bottom surface 4645 and
includes a mold compound 454 as well as components
embedded within the mold compound 454; in the example of
FIG. 11, these components include a logic die 446 and glass
via bars 100. Each of the glass via bars 100 includes through-
glass vias 106 that extend through the thickness of the glass
via bar 100 and provide electrical connections from the top
surface 464a of the mold structure 432 to the bottom surface
464b. While the mold structure 432 in the example of FIG. 11
includes a single die, an arbitrary number of dies can be
included according to various implementations. The logic
package substrate 448 can be an organic substrate, such as a
PCB or polymeric substrate, that can include conductive
pathways (not shown) and contact pads (not shown). The
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through-glass vias 106 can be electrically connected to the
logic die 446 by electrical routing on the bottom surface 4645
of mold structure 432 and/or electrical routing in or on the
logic package substrate 448. Conductive pathways and con-
tacts pads in or on logic package substrate 448 can provide an
electrical connection from the logic package 442 to the inter-
level interconnects 120. The through-glass vias 106 can pro-
vide an electrical connection to the inter-level interconnects
118, which connect the logic package 442 to the memory
package 444. In some implementations, a RDL (not shown)
may be included on the top surface 464a of the mold structure
to provide an electrical connection to the inter-level intercon-
nects 118. In the example of FIG. 11, the logic die 446 and the
through-glass vias 106 are electrically connected to the logic
package substrate 448 by flip-chip attachment, which in turn
provides an electrical connection to inter-level interconnects
120.

[0076] The memory package 444 includes a mold structure
482 and a memory package substrate 488. The mold structure
482 includes a mold compound 494 and components embed-
ded within the mold compound 494; in the example of FIG.
11, these components include a memory die stack 445. The
memory die stack 445 includes one or more memory dies. In
the example of FIG. 11, the memory die stack 445 is electri-
cally connected to the memory package substrate 488 by
flip-chip attachment, which in turn provides an electrical
connection to inter-level interconnects 118. In some other
implementations, one or more memory dies are wire bonded
or otherwise connected to the memory package substrate 448.
[0077] Itshouldbe noted that the size, pitch, and placement
of the inter-level interconnects 118 and the inter-level inter-
connects 120, as well as of the flip-chip attachments of the
memory die stack 445, the logic die 446, and the through-
glass via bars 100 can be varied as appropriate. For example,
the size and/or pitch of solder balls that connect the through-
glass vias 106 to the logic package substrate 448 may be the
same as the inter-level interconnects 118.

[0078] Insomeimplementations, the glass via bars 100 can
include one or more integrated capacitors (not shown) as
described above with reference to FIGS. 4-5G. Because the
capacitors are integrated with the glass via bars 100, the glass
via bars 100 and the capacitors can be placed closer to the
logic die 446 than if the capacitors were discrete components,
reducing path length and increasing efficiency. In addition to
reducing the path length, the glass via bars 100 can reduce the
footprint of the logic package 442 and the footprint of the PoP
440. In some implementations, the footprint of the memory
package 444 can be reduced by including a memory die stack
444 attached to the memory package substrate 488 by flip-
chip attachment as in the example of FIG. 11 rather than by
wire bonds.

[0079] FIG. 12 shows an example of a flow diagram illus-
trating a PoP packaging process employing a glass via bar. In
the example of FIG. 12, a process 500 for manufacturing a
logic package for a PoP is described. The process 500 begins
at block 502 with placing a logic die on a logic package
substrate. Examples oflogic dies include but are not limited to
application processors. In some implementations, the logic
dieistested priorto block 502. This allows only a known good
die to be incorporated into the logic package and the PoP. The
process 500 continues at block 504 with placing one or more
glass via bars on the logic package substrate. The glass via
bars can include one or more capacitors or other passive
components on one or more surfaces. In some implementa-
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tions, the glass via bars are tested prior to block 504. This
allows only known good via bars to be incorporated in the
logic package and the PoP. Once the logic die and the one or
more glass via bars are placed, they are attached to the logic
package substrate. The logic die and the one or more glass via
bars can be attached simultaneously to the logic package
substrate. The process 500 continues at block 508 with dis-
pensing and curing a mold compound. Additional operations
such as solder ball mount can then be performed and package
testing. Once formed, the logic package can be stacked with
one or more additional packaged dies to form a PoP.

[0080] In some implementations, the glass via bar can be
included as part of a display device, or in a package including
a display device. FIGS. 13A and 13B show examples of
system block diagrams illustrating a display device 40. The
display device 40 can be, for example, a smart phone, a
cellular or mobile telephone. However, the same components
of the display device 40 or slight variations thereof are also
illustrative of various types of display devices such as televi-
sions, tablets, e-readers, hand-held devices and portable
media players.

[0081] The display device 40 includes a housing 41, a dis-
play 30, an antenna 43, a speaker 45, an input device 48 and
a microphone 46. The housing 41 can be formed from any of
a variety of manufacturing processes, including injection
molding, and vacuum forming. In addition, the housing 41
may be made from any of a variety of materials, including, but
not limited to: plastic, metal, glass, rubber and ceramic, or a
combination thereof. The housing 41 can include removable
portions (not shown) that may be interchanged with other
removable portions of different color, or containing different
logos, pictures, or symbols.

[0082] The display 30 may be any of a variety of displays,
including a bi-stable or analog display, as described herein.
The display 30 also can be configured to include a flat-panel
display, such as plasma, EL, OLED, STN LCD, or TFT LCD,
or a non-flat-panel display, such as a CRT or other tube
device. In addition, the display 30 can include an interfero-
metric modulator display, as described herein.

[0083] The components of the display device 40 are sche-
matically illustrated in FIG. 13B. The display device 40
includes a housing 41 and can include additional components
at least partially enclosed therein. For example, the display
device 40 includes a network interface 27 that includes an
antenna 43 which is coupled to a transceiver 47. The trans-
ceiver 47 is connected to a processor 21, which is connected
to conditioning hardware 52. The conditioning hardware 52
may be configured to condition a signal (e.g., filter a signal).
The conditioning hardware 52 is connected to a speaker 45
and amicrophone 46. The processor 21 is also connected to an
input device 48 and a driver controller 29. The driver control-
ler 29 is coupled to a frame buffer 28, and to an array driver
22, which in turn is coupled to a display array 30. In some
implementations, a power supply 50 can provide power to
substantially all components in the particular display device
40 design.

[0084] The network interface 27 includes the antenna 43
and the transceiver 47 so that the display device 40 can com-
municate with one or more devices over a network. The
network interface 27 also may have some processing capa-
bilities to relieve, for example, data processing requirements
of'the processor 21. The antenna 43 can transmit and receive
signals. In some implementations, the antenna 43 transmits
and receives RF signals according to the IEEE 16.11 stan-
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dard, including IEEE 16.11(a), (b), or (g), or the IEEE 802.11
standard, including IEEE 802.11 a, b, g, n, and further imple-
mentations thereof. In some other implementations, the
antenna 43 transmits and receives RF signals according to the
BLUETOOTH standard. In the case of a cellular telephone,
the antenna 43 is designed to receive code division multiple
access (CDMA), frequency division multiple access
(FDMA), time division multiple access (TDMA), Global
System for Mobile communications (GSM), GSM/General
Packet Radio Service (GPRS), Enhanced Data GSM Envi-
ronment (EDGE), Terrestrial Trunked Radio (TETRA),
Wideband-CDMA (W-CDMA), Evolution Data Optimized
(EV-DO), 1xEV-DO, EV-DO Rev A, EV-DO Rev B, High
Speed Packet Access (HSPA), High Speed Downlink Packet
Access (HSDPA), High Speed Uplink Packet Access
(HSUPA), Evolved High Speed Packet Access (HSPA+),
Long Term Evolution (LTE), AMPS, or other known signals
that are used to communicate within a wireless network, such
as a system utilizing 3G or 4G technology. The transceiver 47
can pre-process the signals received from the antenna 43 so
that they may be received by and further manipulated by the
processor 21. The transceiver 47 also can process signals
received from the processor 21 so that they may be transmit-
ted from the display device 40 via the antenna 43.

[0085] Insome implementations, the transceiver 47 can be
replaced by a receiver. In addition, in some implementations,
the network interface 27 can be replaced by an image source,
which can store or generate image data to be sent to the
processor 21. The processor 21 can control the overall opera-
tion of the display device 40. The processor 21 receives data,
such as compressed image data from the network interface 27
or an image source, and processes the data into raw image
data or into a format that is readily processed into raw image
data. The processor 21 can send the processed data to the
driver controller 29 or to the frame buffer 28 for storage. Raw
data typically refers to the information that identifies the
image characteristics at each location within an image. For
example, such image characteristics can include color, satu-
ration and gray-scale level.

[0086] The processor 21 can include a microcontroller,
CPU, or logic unit to control operation of the display device
40. The conditioning hardware 52 may include amplifiers and
filters for transmitting signals to the speaker 45, and for
receiving signals from the microphone 46. The conditioning
hardware 52 may be discrete components within the display
device 40, or may be incorporated within the processor 21 or
other components.

[0087] The driver controller 29 can take the raw image data
generated by the processor 21 either directly from the proces-
sor 21 or from the frame buffer 28 and can re-format the raw
image data appropriately for high speed transmission to the
array driver 22. In some implementations, the driver control-
ler 29 can re-format the raw image data into a data flow having
a raster-like format, such that it has a time order suitable for
scanning across the display array 30. Then the driver control-
ler 29 sends the formatted information to the array driver 22.
Although a driver controller 29, such as an .CD controller, is
often associated with the system processor 21 as a stand-
alone Integrated Circuit (IC), such controllers may be imple-
mented in many ways. For example, controllers may be
embedded in the processor 21 as hardware, embedded in the
processor 21 as software, or fully integrated in hardware with
the array driver 22.
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[0088] The array driver 22 can receive the formatted infor-
mation from the driver controller 29 and can re-format the
video data into a parallel set of waveforms that are applied
many times per second to the hundreds, and sometimes thou-
sands (or more), of leads coming from the display’s x-y
matrix of pixels.

[0089] In some implementations, the driver controller 29,
the array driver 22, and the display array 30 are appropriate
for any of the types of displays described herein. For example,
the driver controller 29 can be a conventional display control-
ler or a bi-stable display controller (such as an IMOD con-
troller). Additionally, the array driver 22 can be a conven-
tional driver or a bi-stable display driver (such as an IMOD
display driver). Moreover, the display array 30 can be a con-
ventional display array or a bi-stable display array (such as a
display including an array of IMODs). In some implementa-
tions, the driver controller 29 can be integrated with the array
driver 22. Such an implementation can be useful in highly
integrated systems, for example, mobile phones, portable-
electronic devices, watches or small-area displays.

[0090] Insomeimplementations,the input device 48 can be
configured to allow, for example, a user to control the opera-
tion of the display device 40. The input device 48 can include
a keypad, such as a QWERTY keyboard or a telephone key-
pad, a button, a switch, a rocker, a touch-sensitive screen, a
touch-sensitive screen integrated with display array 30, or a
pressure- or heat-sensitive membrane. The microphone 46
can be configured as an input device for the display device 40.
In some implementations, voice commands through the
microphone 46 can be used for controlling operations of the
display device 40.

[0091] Thepower supply 50 can include a variety of energy
storage devices. For example, the power supply 50 can be a
rechargeable battery, such as a nickel-cadmium battery or a
lithium-ion battery. In implementations using a rechargeable
battery, the rechargeable battery may be chargeable using
power coming from, for example, a wall socket or a photo-
voltaic device or array. Alternatively, the rechargeable battery
can be wirelessly chargeable. The power supply 50 also can
be a renewable energy source, a capacitor, or a solar cell,
including a plastic solar cell or solar-cell paint. The power
supply 50 also can be configured to receive power from a wall
outlet.

[0092] Insome implementations, control programmability
resides in the driver controller 29 which can be located in
several places in the electronic display system. In some other
implementations, control programmability resides in the
array driver 22. The above-described optimization may be
implemented in any number of hardware and/or software
components and in various configurations.

[0093] Invarious implementations of the display device 40,
one or more of the antenna 43, transceiver 47, processor 21,
driver controller 29, frame buffer 28, speaker 45, microphone
46, array driver 22, power supply 50, and input device 48 can
include a package with a semiconductor die embedded in a
molded die with a glass via bar or a package in which a
semiconductor die and a glass via bar are both bonded to the
same substrate. For example, the processor 29 may include an
eWLP or PoP package that includes a semiconductor proces-
sor die and a glass via bar. As another example, power supply
50 can include a glass via bar configured as a solenoid-type
inductor.

[0094] The various illustrative logics, logical blocks, mod-
ules, circuits and algorithm steps described in connection
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with the implementations disclosed herein may be imple-
mented as electronic hardware, computer software, or com-
binations of both. The interchangeability of hardware and
software has been described generally, in terms of function-
ality, and illustrated in the various illustrative components,
blocks, modules, circuits and steps described above. Whether
such functionality is implemented in hardware or software
depends upon the particular application and design con-
straints imposed on the overall system.

[0095] Thehardware and data processing apparatus used to
implement the various illustrative logics, logical blocks,
modules and circuits described in connection with the aspects
disclosed herein may be implemented or performed with a
general purpose single- or multi-chip processor, a digital
signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA) or
other programmable logic device, discrete gate or transistor
logic, discrete hardware components, or any combination
thereof designed to perform the functions described herein. A
general purpose processor may be a microprocessor, or, any
conventional processor, controller, microcontroller, or state
machine. A processor also may be implemented as a combi-
nation of computing devices, such as a combination of a DSP
and a microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core, or any
other such configuration. In some implementations, particu-
lar steps and methods may be performed by circuitry that is
specific to a given function.

[0096] Inone or more aspects, the functions described may
be implemented in hardware, digital electronic circuitry,
computer software, firmware, including the structures dis-
closed in this specification and their structural equivalents
thereof, or in any combination thereof. Implementations of
the subject matter described in this specification also can be
implemented as one or more computer programs, i.e., one or
more modules of computer program instructions, encoded on
a computer storage media for execution by, or to control the
operation of, data processing apparatus. If implemented in
software, the functions may be stored on or transmitted over
as one or more instructions or code on a computer-readable
medium. The steps of a method or algorithm disclosed herein
may be implemented in a processor-executable software
module which may reside on a computer-readable medium.
Computer-readable media includes both computer storage
media and communication media including any medium that
can be enabled to transfer a computer program from one place
to another. A storage media may be any available media that
may be accessed by a computer. By way of example, and not
limitation, such computer-readable media may include RAM,
ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or
any other medium that may be used to store desired program
code in the form of instructions or data structures and that
may be accessed by a computer. Also, any connection can be
properly termed a computer-readable medium. Disk and disc,
as used herein, includes compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk, and blue-ray
disc where disks usually reproduce data magnetically, while
discs reproduce data optically with lasers. Combinations of
the above also may be included within the scope of computer-
readable media. Additionally, the operations of a method or
algorithm may reside as one or any combination or set of
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codes and instructions on a machine readable medium and
computer-readable medium, which may be incorporated into
a computer program product.

[0097] Various modifications to the implementations
described in this disclosure may be readily apparent to those
skilled in the art, and the generic principles defined herein
may be applied to other implementations without departing
from the spirit or scope of this disclosure. Thus, the claims are
not intended to be limited to the implementations shown
herein, but are to be accorded the widest scope consistent with
this disclosure, the principles and the novel features disclosed
herein. The word “exemplary” is used exclusively herein to
mean “serving as an example, instance, or illustration.” Any
implementation described herein as “exemplary” is not nec-
essarily to be construed as preferred or advantageous over
other possibilities or implementations. Additionally, a person
having ordinary skill in the art will readily appreciate, the
terms “upper” and “lower” are sometimes used for ease of
describing the figures, and indicate relative positions corre-
sponding to the orientation of the figure on a properly oriented
page, and may not reflect the proper orientation of an IMOD
as implemented.

[0098] Certain features that are described in this specifica-
tion in the context of separate implementations also can be
implemented in combination in a single implementation.
Conversely, various features that are described in the context
of a single implementation also can be implemented in mul-
tiple implementations separately or in any suitable subcom-
bination. Moreover, although features may be described
above as acting in certain combinations and even initially
claimed as such, one or more features from a claimed com-
bination can in some cases be excised from the combination,
and the claimed combination may be directed to a subcom-
bination or variation of a subcombination.

[0099] Similarly, while operations are depicted in the draw-
ings in a particular order, a person having ordinary skill in the
art will readily recognize that such operations need not be
performed in the particular order shown or in sequential
order, or that all illustrated operations be performed, to
achieve desirable results. Further, the drawings may sche-
matically depict one more example processes in the form of a
flow diagram. However, other operations that are not depicted
can be incorporated in the example processes that are sche-
matically illustrated. For example, one or more additional
operations can be performed before, after, simultaneously, or
between any of the illustrated operations. In certain circum-
stances, multitasking and parallel processing may be advan-
tageous. Moreover, the separation of various system compo-
nents in the implementations described above should not be
understood as requiring such separation in all implementa-
tions, and it should be understood that the described program
components and systems can generally be integrated together
in a single software product or packaged into multiple soft-
ware products. Additionally, other implementations are
within the scope of the following claims. In some cases, the
actions recited in the claims can be performed in a different
order and still achieve desirable results.

What is claimed is:

1. An apparatus comprising:

a glass bar including one or more through-glass vias,
wherein the thickness of the glass bar is between about
300 and 700 microns and the length and width of the
glass bar are each between about 1 and 15 millimeters.
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2. The apparatus of claim 1, wherein glass bar includes
photo-patternable glass.

3. The apparatus of claim 1, wherein the through-glass vias
have a density of 6 vias per millimeter square to 200 vias per
millimeter square.

4. The apparatus of claim 1, wherein the glass bar includes
one or more passive devices.

5. The apparatus of claim 4, wherein the one or more
passive devices include one or more of an inductor, a capaci-
tor and a resistor.

6. The apparatus of claim 4, wherein at least one of the one
or more passive devices is connected to at least one of the one
or more through-glass vias.

7. The apparatus of claim 4, wherein the one or more
passive devices can be configured during an embedded wafer-
level process.

8. The apparatus of claim 1, wherein the glass bar includes
configurable passive devices.

9. The apparatus of claim 1, wherein the glass bar includes
two or more through-glass vias connected to form an induc-
tor.

10. The apparatus of claim 1, wherein the through-glass
vias have a diameter between about 30 microns and 50
microns.

11. The apparatus of claim 1, wherein the through-glass
vias include plated copper.

12. A package comprising:

a glass bar including one or more through-glass vias; and

a mold embedding the glass bar.

13. The package of claim 12, wherein the package further
includes a semiconductor die embedded in the mold and in
electrical communication with the one or more through-glass
vias.

14. The package of claim 12, wherein the package includes
a single semiconductor die and a plurality of glass bars
embedded in the mold.

15. The package of claim 12, wherein a plurality of semi-
conductor dies and associated glass via bars are embedded in
the mold.

16. The package of claim 12, wherein the glass bar includes
one or more passive devices.

17. The package of claim 16, wherein the one or more
passive devices are selected from an inductor, a capacitor and
a resistor.

18. The package of claim 12, wherein the glass bar includes
a photo-patternable glass.

19. A system comprising the package of claim 12, the
system further comprising:

a display;

a processor that is configured to communicate with the
display, the processor being configured to process image
data; and

a memory device that is configured to communicate with
the processor.

20. The system of claim 19, further comprising:

a driver circuit configured to send at least one signal to the
display; and

a controller configured to send at least a portion of the
image data to the driver circuit, wherein one or more of
the processor, memory device, driver circuit, and con-
troller include components embedded in the mold.

21. The system of claim 19, further comprising:

an image source module configured to send the image data
to the processor,
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wherein the image source module includes at least one of a
receiver, transceiver, and transmitter and wherein one or
more of the processor, memory device, receiver, trans-
ceiver, and transmitter include components embedded in
the mold.

22. The system of claim 19, further comprising:

an input device configured to receive input data and to
communicate the input data to the processor.

23. A method comprising:

forming a plurality of passive components on a glass sub-
strate;

forming a plurality of through-glass via holes in the glass
substrate;

metallizing the through-glass via holes; and

singulating the glass substrate to form a plurality of glass
via bars each having a thickness of the glass bar between
about 300 and 700 microns and a length between
between about 1 and 15 millimeters.

24. The method of claim 23, wherein the glass substrate is

a photo-patternable glass substrate and forming the plurality
of'through-glass via holes includes patterning and etching the
photo-patternable glass substrate.

25. The method of claim 23, wherein forming the plurality

of through-glass via holes includes laser ablation of the glass
substrate.

12
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26. The method of claim 23, wherein metallizing the
through-glass via holes includes electroplating.

27. The method of claim 23, further comprising connecting
one or more of the plurality of passive devices to at least one
of' the plurality of metallized through-glass via holes.

28. The method of claim 23, further comprising connecting
two or more of the plurality of metallized through-glass via
holes to form an inductor.

29. A method comprising:

placing a plurality of semiconductor dies and a plurality of

glass via bars on a carrier substrate;

embedding the plurality of semiconductor dies and the

plurality of glass via bars in a mold compound to form a
mold structure;

forming one or more redistribution layers on the mold

structure;

forming inter-level interconnects; and

singulating the mold structure to form a plurality of molded

dies each including at least one semiconductor, at least
one glass via bar, and a plurality of inter-level intercon-
nects.

30. The method of claim 29, wherein the plurality of glass
via bars includes integrated passive components.

#* #* #* #* #*
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