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(54) PACKAGE ASSEMBLY WITH HERMETIC CAVITY

(57) Apparatuses, systems and methods associated
with hermetic encapsulation for package assemblies are
disclosed herein. In embodiments, a package assembly
may include a package substrate that includes a guard
ring, wherein the guard ring extends from a surface of
the package substrate and around a circumference of a
cavity. The package assembly may further include a com-

ponent coupled to the guard ring by a solder joint along
an entirety of the guard ring, wherein the cavity is located
between the package substrate and the component and
the cavity is hermetically-sealed via the guard ring and
the solder joint. Other embodiments may be described
and/or claimed.
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Description

Technical Field

[0001] The present disclosure relates to the field of
electronic circuits. More particularly, the present disclo-
sure relates to hermetic encapsulation for package as-
semblies.

Background

[0002] The background description provided herein is
for the purpose of generally presenting the context of the
disclosure. Unless otherwise indicated herein, the mate-
rials described in this section are not prior art to the claims
in this application and are not admitted to be prior art by
inclusion in this section.
[0003] As system on package assemblies continue to
advance, devices that may be included in system on
package assemblies have developed environmental re-
quirements for proper operation and/or highest levels of
operation. Some devices, such as devices with moving
parts, microelectromechanical systems, resonators, gy-
roscopes, and motion sensors, may benefit from being
located within a controlled, unchanging environment. In
particular, the devices may benefit from being located
within a portion of the system on package that includes
a vacuum, a special gas atmosphere, a controlled hu-
midity, or other similar environmental features.

Brief Description of the Drawings

[0004] Embodiments will be readily understood by the
following detailed description in conjunction with the ac-
companying drawings. To facilitate this description, like
reference numerals designate like structural elements.
Embodiments are illustrated by way of example, and not
by way of limitation, in the figures of the accompanying
drawings.

Figure 1 illustrates a cross-sectional view an exam-
ple package assembly with hermetic cavity, accord-
ing to various embodiments.
Figure 2 illustrates a top view representation of the
example package substrate of Figure 1, according
to various embodiments.
Figure 3 illustrates a cross-sectional view of example
guard ring structures, according to various embodi-
ments.
Figure 4 illustrates a cross-sectional view of the ex-
ample package assembly of Figure 1 with overmold
region, according to various embodiments.
Figure 5 illustrates example shapes for guard rings,
according to various embodiments.
Figure 6A illustrates a first portion of an example
procedure for forming an example package assem-
bly with hermetic cavity, according to various em-
bodiments.

Figure 6B illustrates a second portion of the example
procedure of Figure 6A for forming an example pack-
age assembly with hermetic cavity, according to var-
ious embodiments.
Figure 7 illustrates a cross-sectional view of a result-
ant package substrate in accordance with stage 602
of the procedure of Figures 6A and 6B.
Figure 8 illustrates a cross-sectional view of the re-
sultant package substrate of Figure 7 in accordance
with stage 604 of the procedure of Figures 6A and
6B.
Figure 9 illustrates a cross-sectional view of the
package substrate of Figure 7 in accordance with
stage 606 of the procedure of Figures 6A and 6B.
Figure 10 illustrates a cross-sectional view of the re-
sultant package substrate of Figure 7 in accordance
with stage 608 of the procedure of Figures 6A and
6B.
Figure 11 illustrates a cross-sectional view of the re-
sultant package substrate of Figure 7 in accordance
with stage 610 of the procedure of Figures 6A and
6B.
Figure 12 illustrates a cross-sectional view of the
package substrate of Figure 7 in accordance with
stage 612 of the procedure of Figures 6A and 6B.
Figure 13 illustrates a cross-sectional view of the re-
sultant package substrate of Figure 7 in accordance
with stage 616 of the procedure of Figures 6A and
6B.
Figure 14 may illustrate a cross-sectional view of the
resultant package substrate of Figure 7 in accord-
ance with stage 618 of the procedure of Figures 6A
and 6B.
Figure 15 illustrates an example resultant package
assembly in accordance with stage 620 of the pro-
cedure of Figures 6A and 6B.
Figure 16 illustrates a cross-sectional view of an ex-
ample resultant package assembly in accordance
with stage 622 of the procedure of Figures 6A and
6B.
Figure 17 illustrates a top view representation of an-
other example package substrate, according to var-
ious embodiments.
Figure 18 illustrates a top view representation of an-
other example package substrate, according to var-
ious embodiments.
Figure 19 illustrates a cross-sectional view of an ex-
ample package assembly associated with the rep-
resentation of the package substrate illustrated in
Figure 18, according to various embodiments.
Figure 20 illustrates a cross-sectional view of anoth-
er example package assembly, according to various
embodiments.
Figure 21 illustrates a cross-sectional view of anoth-
er example package assembly, according to various
embodiments.
Figure 22 illustrates a cross-sectional view of anoth-
er example package assembly, according to various
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embodiments.
Figure 23 illustrates a cross-sectional view of anoth-
er example package assembly, according to various
embodiments.
Figure 24 illustrates a top view representation of an
example package substrate with a metal plate, ac-
cording to various embodiments.
Figure 25 illustrates a cross-sectional view of an ex-
ample substrate package including a package as-
sembly with hermetic cavity, according to various
embodiments.
Figure 26 illustrates an example computer device
that may employ the apparatuses and/or methods
described herein.

Detailed Description

[0005] Apparatuses, systems and methods associated
with hermetic encapsulation for package assemblies are
disclosed herein. In embodiments, a package assembly
may include a package substrate that includes a guard
ring, wherein the guard ring extends from a surface of
the package substrate and around a circumference of a
cavity. The package assembly may further include a com-
ponent coupled to the guard ring by a solder joint along
an entirety of the guard ring, wherein the cavity is located
between the package substrate and the component and
the cavity is hermetically-sealed via the guard ring and
the solder joint.
[0006] In the following detailed description, reference
is made to the accompanying drawings which form a part
hereof wherein like numerals designate like parts
throughout, and in which is shown by way of illustration
embodiments that may be practiced. It is to be under-
stood that other embodiments may be utilized and struc-
tural or logical changes may be made without departing
from the scope of the present disclosure. Therefore, the
following detailed description is not to be taken in a lim-
iting sense, and the scope of embodiments is defined by
the appended claims and their equivalents.
[0007] Aspects of the disclosure are disclosed in the
accompanying description. Alternate embodiments of
the present disclosure and their equivalents may be de-
vised without parting from the spirit or scope of the
present disclosure. It should be noted that like elements
disclosed below are indicated by like reference numbers
in the drawings.
[0008] Various operations may be described as multi-
ple discrete actions or operations in turn, in a manner
that is most helpful in understanding the claimed subject
matter. However, the order of description should not be
construed as to imply that these operations are neces-
sarily order dependent. In particular, these operations
may not be performed in the order of presentation. Op-
erations described may be performed in a different order
than the described embodiment. Various additional op-
erations may be performed and/or described operations
may be omitted in additional embodiments.

[0009] For the purposes of the present disclosure, the
phrase "A and/or B" means (A), (B), or (A and B). For the
purposes of the present disclosure, the phrase "A, B,
and/or C" means (A), (B), (C), (A and B), (A and C), (B
and C), or (A, B and C).
[0010] The description may use the phrases "in an em-
bodiment," or "in embodiments," which may each refer
to one or more of the same or different embodiments.
Furthermore, the terms "comprising," "including," "hav-
ing," and the like, as used with respect to embodiments
of the present disclosure, are synonymous.
[0011] As used herein, the term "circuitry" may refer
to, be part of, or include an Application Specific Integrated
Circuit (ASIC), an electronic circuit, a processor (shared,
dedicated, or group) and/or memory (shared, dedicated,
or group) that execute one or more software or firmware
programs, a combinational logic circuit, and/or other suit-
able components that provide the described functionality.
[0012] Figure 1 illustrates a cross-sectional view an
example package assembly 100 with hermetic cavity
102, according to various embodiments. The package
assembly 100 may include a package substrate 104. The
package substrate 104 may include a dielectric material
with one or more conductive features located within the
dielectric material, wherein the conductive features may
be utilized for routing signals through the package sub-
strate 104. The dielectric material may include silicon,
oxygen, carbon, or some combination thereof, and may
be a silicate-filled epoxy in some embodiments. The con-
ductive features may include traces, vias, contacts,
and/or other similar conductive interconnects. For exam-
ple, the package substrate 104 may include a first trace
106 and a second trace 108. The package substrate 104
may further include a first via 110 coupled to the first trace
106 and a second via 112 coupled to the second trace
108 in the illustrated embodiment. In some embodiments,
the package substrate 104 may include one or more or-
ganic buildup films coupled together to produce the pack-
age substrate 104.
[0013] The package substrate 104 may include a guard
ring 114 that extends from a surface 116 of the package
substrate 104. The guard ring 114 may extend perpen-
dicularly from the surface 116 of the package substrate
104, at an angle to the surface 116 of the package sub-
strate 104, or some combination thereof. The guard ring
114 may extend around the hermetic cavity 102 and en-
circle the hermetic cavity 102. In the illustrated embodi-
ment, the guard ring 114 may form a rectangle (as shown
by the second portion 204 (Fig. 2)) around the hermetic
cavity 102. However, it is to be understood that the guard
ring 114 may form other shapes around the hermetic cav-
ity 102 in other embodiments, including a circle, oval,
ellipse, the shapes shown in Figure 5, or some combi-
nation thereof. Further, in some embodiments, the shape
of the guard ring 114 may be selected based on compo-
nents and/or shapes of the components to be positioned
within the hermetic cavity 102.
[0014] The guard ring 114 may include a hermetic ma-
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terial or hermetic materials. For example, the guard ring
114 may include copper, nickel, palladium, gold, indium,
tin, or some combination thereof. In some embodiments,
the guard ring 114 may include a copper region with a
surface finish region (which may include nickel, palladi-
um, gold, or some combination thereof) and/or a solder
region (which may include tin, indium, gold, or some com-
bination thereof) located on the copper region. Embodi-
ments of structures for the guard ring 114 are shown and
described further in relation to Figure 3. The guard ring
114 may provide some hermeticity to the hermetic cavity
102, preventing elements from passing through the guard
ring 114 into or out of the hermetic cavity 102.
[0015] The package substrate 104 may further include
one or more interconnect elements 118 that extend from
the surface 116 of the package substrate 104. The inter-
connect elements 118 may extend perpendicularly from
the surface 116 of the package substrate 104, at an angle
to the surface 116 of the package substrate 104, or some
combination thereof. The interconnect elements 118 may
be located within the guard ring 114. In other embodi-
ments, the interconnect elements 118 may be located
outside of the guard ring 114, or a first portion of the
interconnect elements 118 may be located within the
guard ring 114 and a second portion of the interconnect
elements 118 may be located outside of the guard ring
114. Further, the interconnect elements 118 may be im-
plemented as part of the guard ring 114, wherein a portion
of the guard ring 114 may include and/or operate as one
or more of the interconnect elements 118.
[0016] The interconnect elements 118 may include a
conductive material and may be utilized to route signals
between the package substrate 104 and other compo-
nents. For example, a first interconnect element 118a
may be coupled to the first via 110 and a second inter-
connect element 118b may be coupled to the second via
112. The first interconnect element 118a and the second
interconnect element 118b may be utilized to routes sig-
nals of the first via 110 and the second via 112, respec-
tively. Further, the interconnect elements 118 may in-
clude a hermetic material, such as copper, nickel, palla-
dium, gold, indium, tin, or some combination thereof. The
interconnect elements 118 may provide some hermetic-
ity to the hermetic cavity 102, preventing elements from
passing through the interconnect elements 118 into and
out of the hermetic cavity 102.
[0017] The package assembly 100 may further include
a hermetic region 120 located on the surface 116 of the
package substrate 104. The hermetic region 120 may
include a hermetic material, which may be a dielectric
material and/or an inorganic dielectric material in some
embodiments. In particular, the hermetic region 120 may
include silicon, oxygen, nitrogen, rubidium, bromine, lith-
ium, fluorine, barium, titanium, hafnium, tantalum, tung-
sten, zirconium, or some combination thereof. The her-
metic region 120 may provide some hermeticity to the
hermetic cavity 102, preventing elements from passing
through the package substrate 104 into and out of the

hermetic cavity 102.
[0018] The hermetic region 120 may extend across the
surface 116 of the package substrate 104 within the
guard ring 114. In particular, the hermetic region 120 may
cover an entirety of the surface 116 of the package sub-
strate 104 within the guard ring 114, with the exception
of portions of the surface 116 from which the interconnect
elements 118 extend. The interconnect elements 118
may extend through the hermetic region 120, wherein
the portion of the interconnect elements 118 that extends
through the hermetic region 120 may include hermetic
material. In some embodiments, the hermetic region 120
may further extend across a portion of the surface 116
of the package substrate 104 outside of the guard ring
114 in some embodiments.
[0019] The package assembly 100 may further include
a first component 122. The first component 122 may be
located on the guard ring 114 and/or the interconnect
elements 118. In particular, the first component 122 may
be located on opposite ends of the guard ring 114 and/or
the interconnect elements 118 from where the surface
116 of the package substrate 104 is located.
[0020] The first component 122 may include a semi-
conductor component. In some embodiments, the first
component 122 may be a device or system with moving
elements (DME), some portion thereof, a radio frequency
(RF) component or system, some portion thereof, or
some combination thereof. The first component 122 may
include a hermetic material. For example, the first com-
ponent 122 may include copper, nickel, palladium, gold,
indium, tin, silicon, oxygen, nitrogen, rubidium, bromine,
lithium, fluorine, barium, titanium, hafnium, tantalum,
tungsten, zirconium, or some combination thereof. The
first component 122 may provide some hermeticity to the
hermetic cavity 102, preventing elements from passing
through the first component 122 into and out of the her-
metic cavity 102.
[0021] The first component 122 may further include a
guard ring 124 that extends from a surface 126 of the
first component 122. The guard ring 124 may extend per-
pendicularly from the surface 126 of the first component
122, at an angle to the surface 126 of the first component
122, or some combination thereof. The guard ring 124
may extend around the hermetic cavity 102 and encircle
the hermetic cavity 102. The guard ring 124 of the first
component 122 may be aligned with the guard ring 114
of the package substrate 104. In particular, an end of the
guard ring 124 opposite from the surface 126 of the first
component 122 may be aligned with an end of the guard
ring 114 opposite from the surface 116 of the package
substrate 104. Further, the shape of the guard ring 124
may be the same shape as the guard ring 114.
[0022] The package assembly 100 may further include
a solder joint 130 located between the guard ring 124 of
the first component 122 and the guard ring 114 of the
package substrate 104. The solder joint 130 may extend
around an entirety of the area between the guard ring
124 and the guard ring 114, and may couple the guard
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ring 124 to the guard ring 114. In particular, the solder
joint 130 may hermetically couple the guard ring 124 to
the guard ring 114, preventing elements from passing
through the area between the guard ring 124 and the
guard ring 114. The solder joint 130 may provide some
hermeticity to the hermetic cavity 102, preventing ele-
ments from passing through the solder joint 130 into and
out of the hermetic cavity 102.
[0023] The first component 122 may further include
one or more contacts 128. The contacts 128 may extend
from the surface 126 of the first component 122 and may
align with the interconnect elements 118 of the package
substrate 104. In particular, an end of each of the contacts
128 may align with an end of a corresponding intercon-
nect element of the interconnect elements 118. Solder
joints 132 may be located between each of the contacts
128 and the corresponding interconnect elements 118,
wherein the solder joints 132 may couple each of the
contacts 128 to the corresponding interconnect elements
118. The solder joints 132 coupling the contacts 128 to
the corresponding interconnect elements 118 may allow
for signals to conduct between the contacts 128 and the
corresponding interconnect elements 118. Accordingly,
any electrical signals (including direct current signals
and/or alternating current signals) may be conducted,
through the solder joints 132, between the contacts 128
and the interconnect elements 118.
[0024] The contacts 128 may include a conductive ma-
terial and may be utilized to route signals between the
first component 122 and the package substrate 104. Fur-
ther, the contacts 128 may include a hermetic material,
such as copper, nickel, palladium, gold, indium, tin, or
some combination thereof. The contacts 128 may pro-
vide some hermeticity to the hermetic cavity 102, pre-
venting elements from passing through contacts 128 into
and out of the hermetic cavity 102.
[0025] The hermetic cavity 102 may be located within
an area between the first component 122 and the pack-
age substrate 104, and may be encircled by the guard
ring 114 and the guard ring 124. The height of the her-
metic cavity 102 (measured between the surface 116 of
the package substrate 104 and the surface 126 of the
first component 122) may be selected to be a certain
height and/or may be selected based on components
located within the hermetic cavity 102. In some embod-
iments, the height of the hermetic cavity 102 may be be-
tween 5 micrometers and 100 micrometers. The height
of the guard ring 114, the guard ring 124, the interconnect
elements 118, the contacts 128, or some combination
thereof, may be selected to provide the desired height of
the hermetic cavity 102.
[0026] The hermetic cavity 102 may be hermetically-
sealed due to the hermeticity provided by the first com-
ponent 122, the guard ring 124, the guard ring 114, the
solder joint 130, the hermetic region 120, and the inter-
connect elements 118. The hermetic cavity 102 may be
hermetically-sealed with certain chemicals, or lack there-
of, located within the hermetic cavity 102. For example,

the hermetic cavity 102 may be hermetically-sealed with-
in a vacuum in some embodiments, wherein the hermetic
cavity 102 may maintain the vacuum after being hermet-
ically-sealed. Further, the hermetic cavity 102 may be
hermetically-sealed with a gas, liquid, gel, or some com-
bination thereof, located within hermetic cavity 102,
wherein the hermetic cavity 102 may maintain the gas,
liquid, gel, or combination thereof, within the hermetic
cavity 102 after being hermetically-sealed. In some em-
bodiments, a humidity within the hermetic cavity 102 may
be controlled during hermetical sealing of the hermetic
cavity 102, wherein the hermetic cavity may maintain the
humidity level after being hermetically-sealed.
[0027] The package assembly 100 may further include
a second component 134 located within the hermetic cav-
ity 102. The second component 134 may be coupled to
the first component 122 via one or more solder joints 136.
The solder joints 136 may have a higher melting point
temperature than the solder joint 130 and the solder joints
132, which may allow the solder joint 130 and the solder
joints 132 to be reflowed at a certain temperature while
the solder joints 136 remain solidified. In other embodi-
ments, the solder joints 136 may be replaced by contacts
or other interconnect features between the first compo-
nent 122 and the second component 134. Further, the
second component 134 may be coupled to the package
substrate 104, both the first component 122 and the pack-
age substrate 104, the interconnect elements 118, the
guard ring 114, the guard ring 124, or some combination
thereof, in other embodiments.
[0028] The second component 134 may include a
DME, some portion thereof, an RF component or system,
some portion thereof, or a combination thereof. In some
embodiments, the first component 122 and the second
component 134 may be parts of a same DME, or RF
component or system. The second component 134 may
include moving parts and/or microelectromechanical
systems (MEMS). For example, the second component
134 may include a resonator, a gyroscope, a motion sen-
sor, or some combination thereof. Having the second
component 134 located within the controlled environ-
ment of hermetic cavity 102 may improve operation of
the second component 134 and/or maintain operation of
the second component 134 better than if the second com-
ponent 134 was located outside of the hermetic cavity
102 in an uncontrolled environment. For example, in em-
bodiments where the second component 134 has moving
parts, having the second component 134 located within
a vacuum maintained by the hermetic cavity 102 may
avoid dampening effects that may be present in uncon-
trolled environments.
[0029] Figure 2 illustrates a top view representation
200 of the example package substrate 104 of Figure 1,
according to various embodiments. In particular, the rep-
resentation 200 represents locations where features de-
scribed in Figure 1 may be located on and/or extend from
the package substrate 104. The representation 200 illus-
trates the package substrate 104 from a top view of the
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package substrate 104 with different shading and/or pat-
terns indicating portions of the package substrate 104
where the features are located on and/or extend from the
package substrate 104, as described below.
[0030] The representation 200 may include a first por-
tion 202 of the package substrate 104. The first portion
202 may not have any features described in relation to
Figure 1 located on and/or extending from the surface
116 (Fig. 1) of the package substrate 104.
[0031] The representation 200 may further include a
second portion 204 of the package substrate 104. The
second portion 204 indicates where the guard ring 114
(Fig. 1) may extend from the package substrate 104. In
the illustrated embodiment, the second portion 204 is il-
lustrated as a rectangle. However, it is to be understood
that the second portion 204 may be the same shape as
any of the shapes of which the guard ring 114 may be,
as described in relation to Figure 1, in other embodi-
ments.
[0032] The representation 200 may further include a
third portion 206. The third portion 206 indicates where
the hermetic region 120 (Fig. 1) may be located on the
package substrate 104. In the illustrated embodiment,
the hermetic region 120 is located within the guard ring
114 (as represented by the second portion 204) and out-
side of the guard ring 114. In other embodiments, the
hermetic region 120 may be located only within the guard
ring 114.
[0033] The representation 200 may further include a
fourth portion 208. In particular, the fourth portion 208 is
indicated by the circles within the third portion 206. The
fourth portion 208 indicates where the interconnect ele-
ments 118 (Fig. 1) may extend from the package sub-
strate 104. In the illustrated embodiment, the intercon-
nect elements 118 are located only within the guard ring
114. In other embodiments, the interconnect elements
118 may be located outside of the guard ring, may be
located within the guard ring 114, implemented into the
guard ring 114, or some combination thereof.
[0034] Figure 3 illustrates a cross-sectional view of ex-
ample guard ring structures, according to various em-
bodiments. In particular, the illustrated guard ring struc-
tures include some examples of arrangements that may
be implemented by the guard ring 114 (Fig. 1), the guard
ring 124 (Fig. 1), or both. In the description of the guard
ring structures, reference is made to a first end and a
second end of the guard ring structures. It is to be un-
derstood that the first end is the end of the guard ring
structure that is to abut the surface 116 (Fig. 1) in regards
to the guard ring 114 or the surface 126 (Fig. 1) in regards
to the guard ring 124. Further, in the description of the
guard ring structures, reference may be made to a solder
region. It is to be understood that the solder region, or
some portion thereof, may become the solder joint 130
(Fig. 1) in the package assembly 100.
[0035] A first guard ring structure 300 may have a first
end 302 and a second end 304. The first guard ring struc-
ture 300 may include a copper region 306 and a solder

region 308. The copper region 306 may be located at the
first end 302. The solder region 308 may be located at
the second end 304 and abut the copper region 306. In
particular, the solder region 308 may be located on an
end of the copper region 306 directed toward the second
end 304. The copper region 306 may include copper.
The solder region 308 may include tin, indium, gold, sil-
ver, bismuth, or some combination thereof.
[0036] A second guard ring structure 320 may have a
first end 322 and a second end 324. The second guard
ring structure 320 may include a copper region 326, a
surface finish region 328, and a solder region 330. The
copper region 326 may be located at the first end 322.
The solder region 330 may be located at the second end
324. The surface finish region 328 may be located be-
tween the copper region 326 and the solder region 330,
and may abut both the copper region 326, and the solder
region 330. In particular, the surface finish region 328
may be located on the copper region 326, and the solder
region 330 may be located on the surface finish region
328. The copper region 326 may include copper. The
surface finish region 328 may include nickel, palladium,
gold, silver, bismuth, or some combination thereof. The
solder region 330 may include tin, indium, gold, or some
combination thereof.
[0037] A third guard ring structure 340 may have a first
end 342 and a second end 344. The third guard ring
structure 340 may include a copper region 346 and a
surface finish region 348. The copper region 346 may be
located at the first end 342. The surface finish region 348
may be located at the second end 344 and abut the cop-
per region 346. In particular, the surface finish region 348
may be located on an end of the copper region 346 di-
rected toward the second end 344. The copper region
346 may include copper. The surface finish region 348
may include nickel, palladium, gold, or some combination
thereof.
[0038] A fourth guard ring structure 360 may have a
first end 362 and a second end 364. The fourth guard
ring structure 360 may include a copper region 366 and
a surface finish region 368. The copper region 366 may
be located at the first end 362. The surface finish region
368 may be located at the second end 364 and may ex-
tend along the sides of the fourth guard ring structure
360, wherein the sides extend between the first end 362
and the second end 364. In particular, the surface finish
region 368 may extend around the copper region 366
and may abut the copper region 366 on all sides of the
copper region 366 with the exception of the side of the
copper region 366 that abuts the first end 362.
[0039] Figure 4 illustrates a cross-sectional view of the
example package assembly 100 of Figure 1 with over-
mold region 402, according to various embodiments. The
overmold region 402 may be located on the surface 116
of the package substrate 104 and may encompass the
guard ring 114, the guard ring 124, the solder joint 130,
and the first component 122. The overmold region 402
may protect the package assembly 100, or some portion
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thereof, from damage due to external factors. Further, in
some embodiments, the overmold region 402 may in-
clude a thermally-conductive material that facilitates
transfer of heat away from the package assembly 100.
The overmold region 402 may include silicon, carbon,
hydrogen, oxygen, nitrogen, nickel, or some combination
thereof.
[0040] Figure 5 illustrates example shapes 500 for
guard rings, according to various embodiments. In par-
ticular, the guard ring 114 (Fig. 1) and/or the guard ring
124 (Fig. 1) may be a shape of any of the shapes 500.
In particular, the shapes may include a rectangle 502
with curved corners, an oval 504, and an integrated
square-rectangle shape 506. It is to be understood that
these are merely a few example shapes for the guard
rings, and the guard rings may be any shape described
in relation to the guard ring 114 and/or the guard ring 124
in Figure 1.
[0041] Figure 6A illustrates a first portion of an example
procedure 600 for forming an example package assem-
bly with hermetic cavity, according to various embodi-
ments. The procedure 600 may begin with a package
substrate. The package substrate may include a dielec-
tric material with one or more conductive features located
within the package substrate. The dielectric material may
include silicon, oxygen, carbon, or some combination
thereof, and may be a silicate-filled epoxy in some em-
bodiments. The package substrate may be formed of one
or more organic buildup films coupled together and may
include one or more layers.
[0042] In stage 602, one of more via recesses may be
drilled in the package substrate. In some embodiments,
the via recesses may be drilled by a laser drill. The via
recesses may be drilled to one or more conductive fea-
tures located in the package substrate, the conductive
feature being located in a layer of the package substrate
away from a surface at which the drilling is occurring.
Figure 7 illustrates a cross-sectional view of a resultant
package substrate 700 in accordance with stage 602. In
particular, a first via recess 702 may be drilled in the
package substrate 700 to a first conductive feature 706,
and a second via recess 704 may be drilled in the pack-
age substrate 700 to a second conductive feature 708.
The first via recess 702 and the second via recess 704
may be drilled in a surface 710 of the package substrate
700.
[0043] In stage 604, a hermetic region may be depos-
ited on the package substrate. The hermetic region may
include one or more of the features of the hermetic region
120 (Fig. 1). In particular, the hermetic region may be
applied to the surface that the via recesses were drilled
in, along the surfaces formed by the via recesses, or
some combination thereof. Figure 8 illustrates a cross-
sectional view of the resultant package substrate 700 in
accordance with stage 604. In particular, a hermetic re-
gion 802 may be applied to the surface 710 of the pack-
age substrate 700. Further, the hermetic region 802 may
be applied to the sidewalls of the first via recess 702 and

the second via recess 704, as well as to the portions of
the first conductive feature 706 and the second conduc-
tive feature 708 exposed by the first via recess 702 and
the second via recess 704, respectively.
[0044] In stage 606, a lithography procedure is applied
to the hermetic region. For example, a resist (such as a
photoresist) may be positioned on the hermetic region,
wherein the resist has apertures located over certain por-
tions of the hermetic region. The apertures may be lo-
cated over portions of the hermetic region that corre-
spond to the locations of the via recesses and/or intended
locations of a guard ring. An exposure element (such as
light) may be directed at the resist, and the portion of the
hermetic region corresponding to the apertures of the
resist may be exposed to the exposure element and may
be developed.
[0045] Figure 9 illustrates a cross-sectional view of the
package substrate 700 in accordance with stage 606. A
resist 902 may be positioned on the hermetic region 802.
The resist 902 may have a first aperture 904, a second
aperture 906, a third aperture 908, and a fourth aperture
910. The second aperture 906 and the third aperture 908
may be positioned over the first via recess 702 and the
second via recess 704, respectively. The first aperture
904 and the fourth aperture 910 may be positioned over
portions of the hermetic region 802 located on the surface
710 of the package substrate 700, wherein a guard ring
is to extend from the surface 710 at the portions. The
exposure element may then be directed at the resist 902,
resulting in the portions of the hermetic region 802 cor-
responding to the first aperture 904, the second aperture
906, the third aperture 908, and the fourth aperture 910
to be exposed and developed.
[0046] In stage 608, a portion of the hermetic region
may be removed. In particular, the portion, or portions,
of the hermetic region exposed and developed in stage
606 may be removed. An excimer laser procedure, a dry
etch procedure, a wet etch procedure, or another etch
procedure may be applied to remove the portion, or por-
tions, of the hermetic region. For example, the excimer
laser procedure, the dry etch procedure, the wet etch
procedure, or the other etch procedure may be performed
while the resist applied in stage 606 is still positioned on
the hermetic region, wherein the portion, or portions, of
the hermetic region that are removed correspond to the
apertures of the resist.
[0047] Figure 10 illustrates a cross-sectional view of
the resultant package substrate 700 in accordance with
stage 608. The excimer laser procedure, dry etch proce-
dure, wet etch procedure, or other etch procedures may
have been applied while the resist 902 was still positioned
on the hermetic region 802, which may have resulted in
the portions of the hermetic region 802 corresponding to
the first aperture 904, the second aperture 906, the third
aperture 908, and the fourth aperture 910 being removed.
Accordingly, the portions of the surface 710 correspond-
ing to the first aperture 904 and the fourth aperture 910,
the sidewalls of the first via recess 702 and the second
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via recess 704, and the portions of the first conductive
feature 706 and the second conductive feature 708 that
abut the first via recess 702 and the second via recess
704, respectively, may be exposed.
[0048] In stage 610, a seed layer may be deposited on
the package substrate. In particular, the seed layer may
be deposited on the hermetic region and the portions of
the package substrate that were exposed in stage 608.
The resist, positioned on the hermetic region in stage
606, may be removed prior to deposition of the seed lay-
er. The seed layer may include copper and may be de-
posited by any seed layer deposition procedure. Figure
11 illustrates a cross-sectional view of the resultant pack-
age substrate 700 in accordance with stage 610. The
seed layer 1102 may extend across the hermetic region
802, the exposed portions of the surface 710 of the pack-
age substrate 700, the sidewalls of the first via recess
702 and the second via recess 704, the portions of the
first conductive feature 706 and the second conductive
feature 708 that abut the first via recess 702 and the
second via recess 704, respectively, or some combina-
tion thereof.
[0049] In stage 612, a lithography procedure may be
performed on the seed layer. For example, a resist (such
as a photoresist) may be positioned on the seed layer,
wherein the resist has apertures located over certain por-
tions of the seed layer. In some embodiments, the resist
utilized in stage 606 may be utilized again in stage 612.
The apertures may be located over portions of the seed
layer that correspond to the locations of the via recesses
and/or intended locations of a guard ring. An exposure
element (such as light) may be directed at the resist, and
the portion of the seed region corresponding to the ap-
ertures of the resist may be exposed to the exposure
element and may be developed.
[0050] Figure 12 illustrates a cross-sectional view of
the package substrate 700 in accordance with stage 612.
A resist 1202 may be positioned on the seed layer 1102.
The resist 1202 may have a first aperture 1204, a second
aperture 1206, a third aperture 1208, and a fourth aper-
ture 1210. The second aperture 1206 and the third ap-
erture 1208 may be positioned over the first via recess
702 and the second via recess 704, respectively. The
first aperture 1204 and the fourth aperture 1210 may be
positioned over portions of the seed layer 1102 located
on the surface 710 of the package substrate 700, wherein
a guard ring is to extend from the surface 710 at the
portions. The exposure element may then be directed at
the resist 1202, resulting in the portions of the seed layer
1102 corresponding to the first aperture 1204, the second
aperture 1206, the third aperture 1208, and the fourth
aperture 1210 to be exposed and developed.
[0051] The procedure 600 may proceed from stage
612, illustrated in Figure 6A, to stage 616, illustrated in
Figure 6B. In particular, connector 614 may indicate a
link between Figure 6A and Figure 6B.
[0052] Figure 6B illustrates a second portion of the ex-
ample procedure 600 for forming an example package

assembly with hermetic cavity, according to various em-
bodiments. In stage 616, a metal plating procedure may
be performed. The metal plating procedure may be per-
formed with the resist from stage 612 still positioned on
the seed layer. The metal plating procedure may result
in a guard ring and/or one or more interconnect elements
being formed on the portions of the surface of the pack-
age substrate exposed by the apertures of the resist. The
metal plating procedure may further include forming sol-
der regions on the guard ring and/or one or more inter-
connect elements. The resist may be removed after the
metal plating procedure has been completed. In some
embodiments, the metal plating procedure of stage 616
may be replaced by a cold spray process, which may
result in the guard ring and/or the one or more intercon-
nect elements being formed on portions of the surface
of the package substrate.
[0053] Figure 13 illustrates a cross-sectional view of
the resultant package substrate 700 in accordance with
stage 616. The package substrate 700 may include a
guard ring 1302, a first interconnect element 1304, and
a second interconnect element 1306 formed by the metal
plating procedure. The guard ring 1302 may include one
or more of the features of the guard ring 114 (Fig. 1). The
first interconnect element 1304 and the second intercon-
nect element 1306 may each include one or more of the
features of the interconnect elements 118 (Fig. 1). The
package substrate 700 may further include a first solder
region 1308 located on an end of the guard ring 1302
opposite to the surface 710 of the package substrate 700,
the first solder region 1308 formed by the metal plating
procedure. The package substrate 700 may further in-
clude a second solder region 1310 and a third solder
region 1312 located on the first interconnect element
1304 and the second interconnect element 1306, respec-
tively, the second solder region 1310 and the third solder
region 1312 formed by the metal plating procedure. The
first solder region 1308, the second solder region 1310,
and the third solder region 1312 may each include one
or more features of the solder region 308 (Fig. 3) and/or
the solder region 330 (Fig. 3).
[0054] In stage 618, a portion of the seed layer may
be removed. In particular, the portion, or portions, of the
seed layer not exposed and developed in stage 612 may
be removed. An excimer laser procedure, a dry etch pro-
cedure, a wet etch procedure, or another etch procedure
may be applied to remove the portion, or portions, of the
seed layer.
[0055] Figure 14 may illustrate a cross-sectional view
of the resultant package substrate 700 in accordance
with stage 618. In particular, the portions of the seed
layer 1102 (Fig. 11) remaining exposed after the metal
plating procedure of stage 616 may have been removed.
Accordingly, the hermetic region 802 on the surface 710
of the package substrate 700 may be exposed.
[0056] In stage 620, a first component may be mounted
to the package substrate. The first component may in-
clude one or more of the features of the first component
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122 (Fig. 1). Mounting of the first component on the pack-
age substrate may produce a package assembly, such
as the package assembly 100 (Fig. 1). Mounting the first
component to the package substrate may include posi-
tioning the first component on the package substrate with
a guard ring of the first component aligned with the guard
ring of the package substrate and/or contacts of the first
component aligned with the interconnect elements of the
package substrate. Once the first component has been
positioned on the package substrate, a reflow procedure
may occur that results in solder joints being formed be-
tween the guard ring of the first component and the guard
ring of the package substrate, and/or between the con-
tacts of the first component and the interconnect ele-
ments of the package substrates. The solder joints may
couple the first component to the package substrate and
complete the mounting of the first component to the pack-
age substrate. The package assembly produced in stage
620 may include a hermetic cavity located between the
first component and the package substrate, and within
the guard rings of the first component and the package
substrate. In particular, the first component, the hermetic
region, the guard ring of the first component, the guard
ring of the package substrate, and the solder joint formed
between the guard rings may include hermetic materials
and may hermetically seal the hermetic cavity.
[0057] In some embodiments, the mounting of the first
component, of stage 620, may be performed in a con-
trolled environment. In particular, the controlled environ-
ment may have a vacuum, humidity level, a chemical or
chemicals, or some combination thereof, maintained
throughout stage 620. For example, the mounting of the
first component may be performed in a chamber that con-
trols a vacuum, a humidity level, a gas or gases, a liquid
or liquids, or some combination thereof, within the cham-
ber. Once the first component is mounted to the package
substrate, the hermetic cavity may maintain the vacuum,
humidity level, gas or gases, liquid or liquids, or combi-
nation thereof, within the hermetic cavity even after being
removed from the chamber. In some of these embodi-
ments, the solder joints may be formed without the utili-
zation of flux due to the environment in which the mount-
ing of the first component is performed.
[0058] Figure 15 illustrates an example resultant pack-
age assembly 1500 in accordance with stage 620. The
package assembly 1500 may include a first component
1502. The first component 1502 may include one or more
of the features of the first component 122 (Fig. 1). The
package assembly 1500 may further include a first solder
joint 1504 located between a guard ring 1510 of the first
component 1502 and the guard ring 1302 of the package
substrate 700. The first solder joint 1504 may have been
formed by a reflow procedure having been applied to the
first solder region 1308 (Fig. 13). The first solder joint
1504 may couple the guard ring 1510 to the guard ring
1302. The package assembly 1500 may further include
a second solder joint 1506, located between a first con-
tact 1512 of the first component 1502 and the first inter-

connect element 1304, and a third solder joint 1508, lo-
cated between a second contact 1514 of the first com-
ponent 1502 and the second interconnect element 1306.
The second solder joint 1506 and the third solder joint
1508 may have been formed by a reflow procedure hav-
ing been applied to the second solder region 1310 (Fig.
13) and the third solder region 1312 (Fig. 13), respec-
tively. The second solder joint 1506 may couple the first
contact 1512 and the first interconnect element 1304,
and the third solder joint 1508 may couple the second
contact 1514 and the second interconnect element 1306.
[0059] The package assembly 1500 may further in-
clude a hermetic cavity 1516. The hermetic cavity 1516
may be located between the first component 1502 and
the package substrate 700, and may be within the guard
ring 1302 and the guard ring 1510. The hermetic cavity
1516 may include one or more of the features of the her-
metic cavity 102 (Fig. 1). The package assembly 1500
may further include a second component 1518 located
within the hermetic cavity 1516 and coupled to the first
component 1502. The second component 1518 may in-
clude one or more of the features of the second compo-
nent 134 (Fig. 1).
[0060] In stage 622, a buildup film may be laminated
to the package assembly. The buildup film may be an
organic buildup film. The buildup film may be laminated
to the exposed portions of the surface of the package
substrate and the first component. Laminating the build-
up film to the package assembly may produce a second
package substrate on the package assembly. In some
embodiments, stage 622 may be omitted.
[0061] Figure 16 illustrates a cross-sectional view of
an example resultant package assembly 1600 in accord-
ance with stage 622. The package assembly 1600 may
include one or more of the features of the package as-
sembly 100 (Fig. 1). The package assembly 1600 may
include a package substrate 1602 and a first component
1604 mounted to the package substrate 1602 in accord-
ance with stage 620. The package substrate 1602 may
include one or more of the features of the package sub-
strate 104 (Fig. 1). Further, the first component 1604 may
include one or more of the features of the first component
122 (Fig. 1). A buildup film 1606 may be located on a
surface 1608 of the package substrate 1602 and/or a
hermetic region 1610, the hermetic region 1610 being
located on a portion of the surface 1608. The buildup film
1606 may include one or more layers of buildup film. A
portion of the buildup film 1606 above the first component
1604 may form a second package substrate on the first
component 1604.
[0062] In stage 624, an overmold may be applied to
the package assembly. The overmold may include one
or more of the features of the overmold 402 (Fig. 4). The
overmold may be applied to the exposed portions of the
surface of the package substrate and the first component.
Figure 4 may illustrate a resultant package assembly in
accordance with stage 624. In some embodiments, stage
624 may be omitted.
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[0063] Figure 17 illustrates a top view representation
1700 of another example package substrate, according
to various embodiments. The package substrate repre-
sented in Figure 17 may include one or more of the fea-
tures of the package substrate 104 (Fig. 1). Further, a
package assembly that implements the package sub-
strate represented in Figure 17 may include one or more
of the features of the package assembly 100 (Fig. 1). The
package assembly represented in Figure 17 may further
include one or more stability pillars that extend from the
package substrate. The stability pillars may include the
same features as the interconnect elements 118 (Fig. 1),
with the exceptions that the stability pillars may be utilized
for mechanical support and may not provide electrical
connectivity. Accordingly, the stability pillars may include
non-conductive material in some embodiments. The sta-
bility pillars may provide mechanical stability for a com-
ponent (such as the first component 122 (Fig. 1)) mount-
ed to the package substrate, which may prevent damage
or cracking of the component due to pressure applied to
the component, which may occur during application of
buildup film or overmold.
[0064] The representation 1700 represents locations
where features may be located on and/or extend from
the package substrate represented in Figure 17. The rep-
resentation 1700 illustrates the package substrate from
a top view of the package substrate with different shading
and/or patterns indicating portions of the package sub-
strate where the features are located on and/or extend
from the package substrate, as described below.
[0065] The representation 1700 may include a first por-
tion 1702 of the package substrate. The first portion 1702
may not have any features described in relation to Figure
1 nor stability pillars located on and/or extending from a
surface (such as the surface 116 (Fig. 1)) of the package
substrate.
[0066] The representation 1700 may further include a
second portion 1704 of the package substrate. The sec-
ond portion 1704 indicates where a guard ring (such as
the guard ring 114 (Fig. 1)) may extend from the package
substrate. In the illustrated embodiment, the second por-
tion 1704 is illustrated as a rectangle. However, it is to
be understood that the second portion 1704 may be the
same shape as any of the shapes of which the guard ring
114 (Fig. 1) may be, as described in relation to Figure 1,
in other embodiments.
[0067] The representation 1700 may further include a
third portion 1706 of the package substrate. The third
portion 1706 indicates where a hermetic region (such as
the hermetic region 120 (Fig. 1)) may be located on the
package substrate. In the illustrated embodiment, the
hermetic region is located within the guard ring (as rep-
resented by the second portion 1704) and outside of the
guard ring. In other embodiments, the hermetic region
may be located only within the guard ring.
[0068] The representation 1700 may further include a
fourth portion 1708 of the package substrate. In particu-
lar, the fourth portion 1708 is indicated by the dark grey

circles within the third portion 1706. The fourth portion
1708 indicates where interconnect elements (such as the
interconnect elements 118 (Fig. 1)) may extend from the
package substrate. In the illustrated embodiment, the in-
terconnect elements are located only within the guard
ring. In other embodiments, the interconnect elements
may be located outside of the guard ring, may be located
within the guard ring, may be implemented into the guard
ring, or some combination thereof.
[0069] The representation 1700 may further include a
fifth portion 1710 of the package substrate. In particular,
the fifth portion 1710 is indicated by the light grey circles
within the third portion 1706. The fifth portion 1710 indi-
cates where stability pillars may extend from the package
substrate. In the illustrated embodiment, the stability pil-
lars are located only within the guard ring. In other em-
bodiments, the stability pillars may be located outside of
the guard ring, may be located within the guard ring, or
some combination thereof.
[0070] Figure 18 illustrates a top view representation
1800 of another example package substrate, according
to various embodiments. The package substrate repre-
sented in Figure 18 may include one or more of the fea-
tures of the package substrate 104 (Fig. 1). Further, a
package assembly that implements the package sub-
strate represented in Figure 18 may include one or more
of the features of the package assembly 100 (Fig. 1). The
package assembly represented in Figure 18 may further
include one or more stability beams that extend from the
package substrate. The stability beams may include one
or more of the stability pillars described in relation to Fig-
ure 17. The stability beams may include non-conductive
material in some embodiments. The stability beams may
provide mechanical stability for a component (such as
the first component 122 (Fig. 1)) mounted to the package
substrate, which may prevent damage or cracking of the
component due to pressure applied to the component,
which may occur during application of buildup film or
overmold.
[0071] The representation 1800 represents locations
where features may be located on and/or extend from
the package substrate represented in Figure 18. The rep-
resentation 1800 illustrates the package substrate from
a top view of the package substrate with different shading
and/or patterns indicating portions of the package sub-
strate where the features are located on and/or extend
from the package substrate, as described below.
[0072] The representation 1800 may include a first por-
tion 1802 of the package substrate. The first portion 1802
may not have any features described in relation to Figure
1 nor stability beams located on and/or extending from
a surface (such as the surface 116 (Fig. 1)) of the package
substrate.
[0073] The representation 1800 may further include a
second portion 1804 of the package substrate. The sec-
ond portion 1804 indicates where a guard ring (such as
the guard ring 114 (Fig. 1)) may extend from the package
substrate. In the illustrated embodiment, the second por-
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tion 1804 is illustrated as a rectangle. However, it is to
be understood that the second portion 1804 may be the
same shape as any of the shapes of which the guard ring
114 (Fig. 1) may be, as described in relation to Figure 1,
in other embodiments.
[0074] The representation 1800 may further include a
third portion 1806 of the package substrate. The third
portion 1806 indicates where a hermetic region (such as
the hermetic region 120 (Fig. 1)) may be located on the
package substrate. In the illustrated embodiment, the
hermetic region is located within the guard ring (as rep-
resented by the second portion 1804) and outside of the
guard ring. In other embodiments, the hermetic region
may be located only within the guard ring.
[0075] The representation 1800 may further include a
fourth portion 1808 of the package substrate. In particu-
lar, the fourth portion 1808 is indicated by the dark grey
circles within the third portion 1806. The fourth portion
1808 indicates where interconnect elements (such as the
interconnect elements 118 (Fig. 1)) may extend from the
package substrate. In the illustrated embodiment, the in-
terconnect elements are located only within the guard
ring. In other embodiments, the interconnect elements
may be located outside of the guard ring, may be located
within the guard ring, may be implemented into the guard
ring, or some combination thereof.
[0076] The representation 1800 may further include a
fifth portion 1810 of the package substrate. In particular,
the fifth portion 1810 is indicated by the light grey lines
within the third portion 1806. The fifth portion 1810 indi-
cates where stability beams may extend from the pack-
age substrate. In the illustrated embodiment, the stability
beams are located only within the guard ring. In other
embodiments, the stability beams may be located outside
of the guard ring, may be located within the guard ring,
or some combination thereof.
[0077] The representation 1800 further includes a
cross-section line 1812. The cross-section line 1812 is
used to illustrate the cross-section of the package sub-
strate illustrated by Figure 19.
[0078] Figure 19 illustrates a cross-sectional view of
an example package assembly 1900 associated with the
representation 1800 of the package substrate illustrated
in Figure 18, according to various embodiments. In par-
ticular, Figure 19 illustrates a cross-sectional view of the
package assembly 1900 along the cross-section line
1812 shown in Figure 18.
[0079] The package assembly 1900 may include a
package substrate 1902 and a component 1904 mounted
to the package substrate 1902. The package substrate
1902 may include one or more of the features of the pack-
age substrate 104 (Fig. 1). The component 1904 may
include one or more of the features of the first component
122 (Fig. 1). Further, the component 1904 may be mount-
ed to the package substrate 1902 similarly to how the
first component 122 is mounted to the package substrate
104.
[0080] The package substrate 1902 may include a

guard ring 1906. The guard ring 1906 may include one
or more of the features of the guard ring 114 (Fig. 1). The
component 1904 may include a guard ring 1908. The
guard ring 1908 may include one or more of the features
of the guard ring 124 (Fig. 1). The guard ring 1908 of the
component 1904 may align with the guard ring 1906 of
the package substrate 1902. The guard ring 1908 may
be coupled to the guard ring 1906 by a solder joint 1910.
The solder joint 1910 may include one or more of the
features of the solder joint 130 (Fig. 1).
[0081] The package substrate 1902 may further in-
clude one or more interconnect elements 1922. The in-
terconnect elements 1922 may include one or more of
the features of the interconnect elements 118 (Fig. 1).
The component 1904 may include one or more contacts
1912. The contacts 1912 may include one or more of the
features of the contacts 128 (Fig. 1). Each contact of the
contacts 1912 may align with a corresponding intercon-
nect element of the interconnect elements 1922. Each
contact of the contacts 1912 may be coupled to the cor-
responding interconnect element of the interconnect el-
ements 1922 by a corresponding solder joint of solder
joints 1914. The solder joints 1914 may include one or
more of the features of the solder joints 132 (Fig. 1).
[0082] The package substrate 1902 may further in-
clude one or more stability beams 1916. The stability
beams 1916 may extend from the package substrate
1902 into an area located between the package substrate
1902 and the component 1904. The stability beams 1916
may extend perpendicularly to the package substrate
1902, at an angle to the package substrate 1902, or some
combination thereof. The stability beams 1916 may pro-
vide mechanical stability for the component 1904 and
may prevent damage or cracking of the component 1904
due to pressure applied to the component 1904, which
may occur during application of buildup film or overmold.
[0083] The stability beams 1916 may include non-con-
ductive material, conductive material, or some combina-
tion thereof. Further, the stability beams 1916 may be
formed of a hermetic material, such as copper, nickel,
palladium, gold, indium, tin, or some combination thereof.
The stability beams 1916 may provide some hermeticity
to a hermetic cavity (such as the hermetic cavity 102 (Fig.
1)) of the package assembly 1900, preventing elements
from passing through the stability beams 1916 into and
out of the hermetic cavity.
[0084] The component 1904 may further include one
or more stability beams 1918. The stability beams 1918
may include one or more of the features of the stability
beams 1916. The stability beams 1918 may extend from
the component 1904 into an area located between the
package substrate 1902 and the component 1904. The
stability beams 1918 may extend perpendicularly to the
component 1904, at an angle to the component 1904, or
some combination thereof. The stability beams 1918 may
provide mechanical stability for the component 1904 and
may prevent damage or cracking of the component 1904
due to pressure applied to the component 1904, which
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may occur during application of buildup film or overmold.
[0085] The stability beams 1918 of the component
1904 may align with the stability beams 1916 of the pack-
age substrate 1902. In particular, an end of the stability
beams 1918 opposite from the component 1904 may
align with an end of the stability beams 1916 opposite
from the package substrate 1902. The stability beams
1918 may be coupled to the stability beams 1916 by sol-
der joints 1920. The solder joints 1920 may include one
or more of the features of the solder joint 1910.
[0086] Figure 20 illustrates a cross-sectional view of
another example package assembly 2000, according to
various embodiments. The package assembly 2000 may
include one or more of the features of the package as-
sembly 100 (Fig. 1). In particular, the package assembly
2000 may include a package substrate 2002 and a com-
ponent 2004 mounted to the package substrate 2002. A
hermetic cavity 2012 may be located between the pack-
age substrate 2002 and the component 2004. The pack-
age substrate 2002 may include one or more of the fea-
tures of the package substrate 104 (Fig. 1). The compo-
nent 2004 may include one or more of the features of the
first component 122 (Fig. 1). Further, the hermetic cavity
2012 may include one or more of the features of the her-
metic cavity 102 (Fig. 1).
[0087] The package assembly 2000 may include a her-
metic region 2008 located on a surface 2006 of the pack-
age substrate 2002. The hermetic region 2008 may in-
clude one or more of the features of the hermetic region
120 (Fig. 1). The package assembly 2000 may further
include a guard ring 2010. The guard ring 2010 may in-
clude one or more of the features of the guard ring 114
(Fig. 1). Unlike the guard ring 114, the guard ring 2010
may be located on the hermetic region 2008. In particular,
the guard ring 2010 may be located on a surface 2014
of the hermetic region 2008 opposite from package sub-
strate 2002.
[0088] A procedure for production of the package as-
sembly 2000 may be similar to the procedure 600 (Fig.
6). A difference in the procedure for production of the
package assembly 2000 from the procedure 600 may be
that the first aperture 904 (Fig. 9) and the fourth aperture
910 (Fig. 9) may be omitted from the resist 902 (Fig. 9).
Accordingly, portions of the hermetic region 2008 corre-
sponding to the guard ring 2010 may not be removed,
such as is performed in stage 608 (Fig. 6) of the proce-
dure 600. Therefore, when the guard ring 2010 is formed
during a metal plating procedure (such as performed in
stage 616 (Fig. 6)), the guard ring 2010 may be formed
on the surface 2014 of the hermetic region 2008.
[0089] Figure 21 illustrates a cross-sectional view of
another example package assembly 2100, according to
various embodiments. The package assembly 2100 may
include one or more of the features of the package as-
sembly 100 (Fig. 1). In particular, the package assembly
2100 may include a package substrate 2102 and a com-
ponent 2104 mounted to the package substrate 2102. A
hermetic cavity 2114 may be located between the pack-

age substrate 2102 and the component 2104. The pack-
age substrate 2102 may include one or more of the fea-
tures of the package substrate 104 (Fig. 1). The compo-
nent 2104 may include one or more of the features of the
first component 122. Further, the hermetic cavity 2114
may include one or more of the features of the hermetic
cavity 102 (Fig. 1).
[0090] The package assembly 2100 may further in-
clude a guard ring 2106 and a hermetic region 2108 lo-
cated on a surface 2110 of the package substrate 2102.
The guard ring 2106 may include one or more of the
features of the guard ring 114 (Fig. 1). The hermetic re-
gion 2108 may include one or more of the features of the
hermetic region 120 (Fig. 1).
[0091] The package assembly 2100 may further in-
clude a solder resist 2112. The solder resist 2112 may
be located on the surface 2110 of the package substrate
2102, on the hermetic region 2108, or some combination
thereof. Further, the solder resist 2112 may be located
outside of the guard ring 2106 and may encircle the guard
ring 2106. The solder resist 2112 may cover the rest of
the surface 2110 and/or the hermetic region 2108 located
outside of the guard ring 2106. Accordingly, since the
solder resist 2112 may be located on the surface 2110
and/or the hermetic region 2108, the legacy process of
record top layer configuration of package substrates may
be preserved by the package assembly 2100.
[0092] Figure 22 illustrates a cross-sectional view of
another example package assembly 2200, according to
various embodiments. The package assembly 2200 may
be utilized in instances where a component (such as com-
ponent 2204) within the package assembly 2200 is an
RF component or an RF system. The package assembly
2200 may include a hermetic cavity (such hermetic cavity
2206) that provides a stable RF cavity (resonator) struc-
ture for the RF component or RF structure.
[0093] The package assembly 2200 may include one
or more of the features of the package assembly 100
(Fig. 1). In particular, the package assembly 2200 may
include a package substrate 2202 with a component
2204 mounted to the package substrate 2202. A hermetic
cavity 2206 may be located between the package sub-
strate 2202 and the component 2204. The package sub-
strate 2202 may include one or more of the features of
the package substrate 104 (Fig. 1). The component 2204
may include one or more of the features of the first com-
ponent 122 (Fig. 1). Further, the hermetic cavity 2206
may include one or more of the features of the hermetic
cavity 102 (Fig. 1).
[0094] The package substrate 2202 may include a
guard ring 2210. The guard ring 2210 may include one
or more of the features of the guard ring 114 (Fig. 1). The
guard ring 2210 may extend from a first surface 2212 of
the package substrate 2202. The package substrate
2202 may further include a metal ring 2208. The metal
ring 2208 may be located at a second surface 2214 of
the package substrate 2202, wherein the second surface
2214 is located on an opposite side of the package sub-
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strate 2202 from the first surface 2212. The metal ring
2208 may align with the guard ring 2210 and may extend
along the second surface 2214 for an entirety of the area
where the guard ring 2210 extends from the first surface
2212. The metal ring 2208 may include copper, nickel,
palladium, gold, indium, tin, or some combination thereof.
[0095] The package substrate 2202 may further in-
clude a trench 2216. The trench 2216 may be located
between the guard ring 2210 and the metal ring 2208,
and may couple the guard ring 2210 to the metal ring
2208. The trench 2216 may extend for the entirety of the
area where the guard ring 2210 extends from the first
surface 2212 and an entirety of the metal ring 2208.
[0096] The package substrate 2202 may further in-
clude one or more traces 2220, one or more vias 2224
coupled to the traces 2220, and one or more interconnect
elements 2228. In the illustrated embodiment, the traces
2220 may include a first trace 2220a and a second trace
2220b, the vias 2224 may include a first via 2224a and
a second via 2224b, and the interconnect elements 2228
may include a first interconnect element 2228a and a
second interconnect element 2228b. The traces 2220
may include one or more of the features of the first trace
106 (Fig. 1) and/or the second trace 108 (Fig. 1). The
vias 2224 may include one or more of the features of the
first via 110 (Fig. 1) and/or the second via 112 (Fig. 1).
The interconnect elements 2228 may include one or
more of the features of the interconnect elements 118
(Fig. 1).
[0097] The package substrate 2202 may further in-
clude a metal plate 2218. The metal plate 2218 may be
located at the second surface 2214 and may be within
an area defined by the guard ring 2210. The metal plate
2218 may further avoid contact with the traces 2220 and
the vias 2224. For example, in the illustrated embodi-
ment, the metal plate 2218 may be located between the
first trace 2220a and the second trace 2220b. The metal
plate 2218 may further include one or more openings
(such as the openings represented by the fifth portion
2410 (Fig. 24)). The openings may provide for signal feed
through.
[0098] Figure 23 illustrates a cross-sectional view of
another example package assembly 2300, according to
various embodiments. The package assembly 2300 may
be utilized in instances where a component (such as com-
ponent 2304) within the package assembly 2300 is an
RF component or an RF system. The package assembly
2300 may include a hermetic cavity (such hermetic cavity
2306) that provides a stable RF cavity (resonator) struc-
ture for the RF component or RF structure.
[0099] The package assembly 2300 may include one
or more of the features of the package assembly 100
(Fig. 1). In particular, the package assembly 2300 may
include a package substrate 2302 with a component
2304 mounted to the package substrate 2302. A hermetic
cavity 2306 may be located between the package sub-
strate 2302 and the component 2304. The package sub-
strate 2302 may include one or more of the features of

the package substrate 104 (Fig. 1). The component 2304
may include one or more of the features of the first com-
ponent 122 (Fig. 1). Further, the hermetic cavity 2306
may include one or more of the features of the hermetic
cavity 102 (Fig. 1).
[0100] The package substrate 2302 may include a
guard ring 2310. The guard ring 2310 may include one
or more of the features of the guard ring 114 (Fig. 1). The
package substrate may further include a metal ring 2308.
The metal ring 2308 may be located on a surface 2314
of the package substrate 2302. The metal ring 2308 may
align with the guard ring 2310 and may extend along the
surface 2314 for an entirety of the the guard ring 2310.
The guard ring 2310 may extend from the metal ring 2208
in a direction opposite to the package substrate 2302.
The guard ring 2310 may extend from the metal ring 2308
perpendicularly to the surface 2314 of the package sub-
strate 2302, at an angle to the surface 2314 of the pack-
age substrate 2302, or some combination thereof. The
metal ring 2308 may include copper, nickel, palladium,
gold, indium, tin, or some combination thereof.
[0101] The package substrate 2302 may further in-
clude one or more traces 2320, and one or more inter-
connect elements 2328. The traces 2320 may be located
on the surface 2314 of the package substrate 2302. The
interconnect elements 2328 may extend from the traces
2320 in a direction opposite to the package substrate
2302. The interconnect elements 2328 may extend from
the traces 2320 perpendicularly to the surface 2314 of
the package substrate 2302, at an angle to the surface
2314 of the package substrate 2302, or some combina-
tion thereof. In the illustrated embodiment, the traces
2320 may include a first trace 2320a and a second trace
2320b, and the interconnect elements 2328 may include
a first interconnect element 2328a and a second inter-
connect element 2328b. The traces 2320 may include
one or more of the features of the first trace 106 (Fig. 1)
and/or the second trace 108 (Fig. 1). The interconnect
elements 2328 may include one or more of the features
of the interconnect elements 118 (Fig. 1).
[0102] The package substrate 2302 may further in-
clude a metal plate 2318. The metal plate 2318 may be
located on the surface 2314 and may be within an area
defined by the guard ring 2310. The metal plate 2318
may further avoid contact with the traces 2320. For ex-
ample, in the illustrated embodiment, the metal plate
2318 may be located between the first trace 2320a and
the second trace 2320b. The metal plate 2318 may fur-
ther include one or more openings (such as the openings
represented by the fifth portion 2410 (Fig. 24)). The open-
ings may provide for signal feed through. In some em-
bodiments, the openings may be filled by a portion of a
hermetic region 2330, the hermetic region 2330 being
located on the surface 2314 of the package substrate
2302. In other embodiments, the metal plate 2318 may
be located on the hermetic region 2330 and the openings
may be located above the hermetic region 2330.
[0103] Figure 24 illustrates a top view representation
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2400 of an example package substrate with a metal plate,
according to various embodiments. The package sub-
strate may include one or more of the features of the
package substrate 104 (Fig. 1). The metal plate may in-
clude one or more of the features of the metal plate 2218
(Fig. 22) and/or the metal plate 2318 (Fig. 23). Further,
a package assembly that implements the package sub-
strate represented in Figure 24 may include one or more
of the features of the package assembly 100 (Fig. 1).
[0104] The representation 2400 represents locations
where features may be located on and/or extend from
the package substrate represented in Figure 24. The rep-
resentation 2400 illustrates the package substrate from
a top view of the package substrate with different shading
and/or patterns indicating portions of the package sub-
strate where the features are located on and/or extend
from the package substrate, as described below.
[0105] The representation 2400 may include a first por-
tion 2402 of the package substrate. The first portion 2402
may not have any features described in relation to Figure
1 or the metal plate located on and/or extending from a
surface (such as the surface 116 (Fig. 1)) of the package
substrate.
[0106] The representation 2400 may further include a
second portion 2404 of the package substrate. The sec-
ond portion 2404 indicates where a guard ring (such as
the guard ring 114 (Fig. 1)) may extend from the package
substrate. In the illustrated embodiment, the second por-
tion 2404 is illustrated as a rectangle. However, it is to
be understood that the second portion 2404 may be the
same shape as any of the shapes of which the guard ring
114 (Fig. 1) may be, as described in relation to Figure 1,
in other embodiments.
[0107] The representation 2400 may further include a
third portion 2406 of the package substrate. The third
portion 2406 indicates where a hermetic region (such as
the hermetic region 120 (Fig. 1)) may be located on the
package substrate. In the illustrated embodiment, the
hermetic region is located within the guard ring (as rep-
resented by the second portion 2404) and outside of the
guard ring. In other embodiments, the hermetic region
may be located only within the guard ring.
[0108] The representation 2400 may further include a
fourth portion 2408 of the package substrate. The fourth
portion 2408 indicates where a metal plate (such as the
metal plate 2318 (Fig. 23)) may be located on the pack-
age substrate. In the illustrated embodiment, the metal
plate extends across an entirety of the area within the
guard ring. In other embodiments, the metal plate may
extend across a portion of the area within the guard ring.
[0109] The representation 2400 may further include a
fifth portion 2410 of the package substrate located within
the fourth portion 2408. In particular, the fifth portion 2410
is indicated by the circles within the fourth portion 2408.
The fifth portion 2410 indicates where one or more open-
ings may be located within the metal plate. In the illus-
trated embodiment, the openings may be filled with
and/or located above a portion of the hermetic region.

[0110] Figure 25 illustrates a cross-sectional view of
an example package substrate 2500 including a package
assembly with hermetic cavity, according to various em-
bodiments. In particular, the package substrate 2500
may include multiple package layers 2506 located in a
buildup arrangement. Each package substrate of the
multiple package layers 2506 may include one or more
of the features of the package substrate 104 (Fig. 1). The
multiple package layers 2506 may be generated by pro-
ducing multiple package layers on a package layer by
the buildup film lamination procedure of stage 622 (Fig.
6). In particular, the illustrated embodiment illustrates a
first package layer 2502 and a second package layer
2504 located on buildup films 2514 located on the first
package layer 2502. The second package layer 2504
may have been produced on the first package layer 2502
by applying the buildup film lamination procedure of stage
622 to the first package layer 2502.
[0111] The package substrate 2500 may include a first
package assembly 2508. The first package assembly
2508 may include one or more of the features of the pack-
age assembly 100 (Fig. 1). The first package assembly
2508 may include a portion of the first package layer 2502
on which a first component 2510 is mounted. A first her-
metic cavity 2512 may be located between the first pack-
age lyaer 2502 and the first component 2510. The first
component 2510 may include one or more of the features
of the first component 122 (Fig. 1). Further, the first her-
metic cavity 2512 may include one or more of the features
of the hermetic cavity 102 (Fig. 1).
[0112] One or more buildup films 2514 (such as the
buildup film 1606 (Fig. 16)) may be located on the first
package layer 2502 and/or the first component 2510. The
buildup films 2514 may fill the area between the first pack-
age layer 2502 and the second package layer 2504,
and/or may generate the second package layer 2504.
[0113] The package substrate 2500 may further in-
clude a second package assembly 2516. The second
package assembly 2516 may include one or more of the
features of the package assembly 100. The second pack-
age assembly 2516 may include a portion of the second
package layer 2504 on which a second component 2518
is mounted. A second hermetic cavity 2520 may be lo-
cated between the second package layer 2504 and the
second component 2518. The second component 2518
may include one or more of the features of the first com-
ponent 122. Further, the second hermetic cavity 2520
may include one or more of the features of the hermetic
cavity 102.
[0114] Additional components may be located and/or
mounted to the first package layer 2502, the second
package layer 2504, other package layers within the
package layers 2506, or some combination thereof. In
the illustrated embodiment, the second package layer
2504 may be a top package substrate within the package
layers 2506. A processor 2522 and a passive component
2524 may be located on the second package layer 2504.
In particular, the processor 2522 and the passive com-
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ponent 2524 may be located on the second package layer
2504 adjacent to the second package assembly 2516.
[0115] The package substrate 2500 may further in-
clude a third package layer 2526 within the package lay-
ers 2506. The third package layer 2526 may be a bottom
package layer within the package layers 2506, wherein
the bottom package layer is opposite to the top package
layer within the package layers 2506. One or more pas-
sive components 2528 and interconnects 2530 may be
located on third package layer 2526. In particular, the
passive components 2528 and the interconnects 2530
may be located on a surface of the third package layer
2526 opposite from the second package layer 2504. The
interconnects 2530 may be utilized for mounting the
package substrate 2500 to a printed circuit board (PCB)
(such as the PCB 2602 (Fig. 26)).
[0116] Figure 26 illustrates an example computer de-
vice 2600 that may employ the apparatuses and/or meth-
ods described herein (e.g., the package assembly 100,
the package assembly 100 with overmold 402, the pro-
cedure 600, the package assembly corresponding to the
representation 1700, the package assembly correspond-
ing to the representation 1800, the package assembly
1900, the package assembly 2000, the package assem-
bly 2100, the package assembly 2200, the package as-
sembly 2300, the package assembly corresponding to
the representation 2400, and/or the system 2500), in ac-
cordance with various embodiments. As shown, compu-
ter device 2600 may include a number of components,
such as one or more processor(s) 2604 (one shown) and
at least one communication chip 2606. In various em-
bodiments, the one or more processor(s) 2604 each may
include one or more processor cores. In various embod-
iments, the at least one communication chip 2606 may
be physically and electrically coupled to the one or more
processor(s) 2604. In further implementations, the com-
munication chip 2606 may be part of the one or more
processor(s) 2604. In various embodiments, computer
device 2600 may include printed circuit board (PCB)
2602. For these embodiments, the one or more proces-
sor(s) 2604 and communication chip 2606 may be dis-
posed thereon. In alternate embodiments, the various
components may be coupled without the employment of
PCB 2602.
[0117] Depending on its applications, computer device
2600 may include other components that may or may not
be physically and electrically coupled to the PCB 2602.
These other components include, but are not limited to,
memory controller 2626, volatile memory (e.g., dynamic
random access memory (DRAM) 2620), non-volatile
memory such as read only memory (ROM) 2624, flash
memory 2622, storage device 2654 (e.g., a hard-disk
drive (HDD)), an I/O controller 2641, a digital signal proc-
essor (not shown), a crypto processor (not shown), a
graphics processor 2630, one or more antenna 2628, a
display (not shown), a touch screen display 2632, a touch
screen controller 2646, a battery 2636, an audio codec
(not shown), a video codec (not shown), a global posi-

tioning system (GPS) device 2640, a compass 2642, an
accelerometer (not shown), a gyroscope (not shown), a
speaker 2650, a camera 2652, and a mass storage de-
vice (such as hard disk drive, a solid state drive, compact
disk (CD), digital versatile disk (DVD)) (not shown), and
so forth.
[0118] In some embodiments, the one or more proc-
essor(s) 2604, flash memory 2622, and/or storage device
2654 may include associated firmware (not shown) stor-
ing programming instructions configured to enable com-
puter device 2600, in response to execution of the pro-
gramming instructions by one or more processor(s) 2604,
to practice all or selected aspects of the methods de-
scribed herein. In various embodiments, these aspects
may additionally or alternatively be implemented using
hardware separate from the one or more processor(s)
2604, flash memory 2622, or storage device 2654.
[0119] The communication chips 2606 may enable
wired and/or wireless communications for the transfer of
data to and from the computer device 2600. The term
"wireless" and its derivatives may be used to describe
circuits, devices, systems, methods, techniques, com-
munications channels, etc., that may communicate data
through the use of modulated electromagnetic radiation
through a non-solid medium. The term does not imply
that the associated devices do not contain any wires,
although in some embodiments they might not. The com-
munication chip 2606 may implement any of a number
of wireless standards or protocols, including but not lim-
ited to IEEE 802.20, Long Term Evolution (LTE), LTE
Advanced (LTE-A), General Packet Radio Service
(GPRS), Evolution Data Optimized (Ev-DO), Evolved
High Speed Packet Access (HSPA+), Evolved High
Speed Downlink Packet Access (HSDPA+), Evolved
High Speed Uplink Packet Access (HSUPA+), Global
System for Mobile Communications (GSM), Enhanced
Data rates for GSM Evolution (EDGE), Code Division
Multiple Access (CDMA), Time Division Multiple Access
(TDMA), Digital Enhanced Cordless Telecommunica-
tions (DECT), Worldwide Interoperability for Microwave
Access (WiMAX), Bluetooth, derivatives thereof, as well
as any other wireless protocols that are designated as
3G, 4G, 5G, and beyond. The computer device 2600 may
include a plurality of communication chips 2606. For in-
stance, a first communication chip 2606 may be dedicat-
ed to shorter range wireless communications such as
Wi-Fi and Bluetooth, and a second communication chip
2606 may be dedicated to longer range wireless com-
munications such as GPS, EDGE, GPRS, CDMA,
WiMAX, LTE, Ev-DO, and others.
[0120] One or more of the components mounted to the
PCB 2602 may include package assemblies in accord-
ance with the package assemblies disclosed herein. In
particular, the processor 2604, the communication chip
2606, the DRAM 2620, the flash memory 2622, the ROM
2624, the GPS 2640, the compass 2642, the memory
controller 2626, the I/O controller 2641, the graphics CPU
2630, the storage device 2654, the touch screen control-
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ler 2646, or some combination thereof, may include pack-
age assemblies in accordance with the package assem-
bly 100, the package assembly 100 with overmold 402,
the package assembly corresponding to the representa-
tion 1700, the package assembly corresponding to the
representation 1800, the package assembly 1900, the
package assembly 2000, the package assembly 2100,
the package assembly 2200, the package assembly
2300, the package assembly corresponding to the rep-
resentation 2400, or some combination thereof.
[0121] In various implementations, the computer de-
vice 2600 may be a laptop, a netbook, a notebook, an
ultrabook, a smartphone, a computer tablet, a personal
digital assistant (PDA), an ultra-mobile PC, a mobile
phone, a desktop computer, a server, a printer, a scan-
ner, a monitor, a set-top box, an entertainment control
unit (e.g., a gaming console or automotive entertainment
unit), a digital camera, an appliance, a portable music
player, or a digital video recorder. In further implemen-
tations, the computer device 2600 may be any other elec-
tronic device that processes data.

Example 1 may include a package assembly, com-
prising a package substrate that includes a guard
ring, wherein the guard ring extends from a surface
of the package substrate and around a circumfer-
ence of a cavity, and a component coupled to the
guard ring by a solder joint along an entirety of the
guard ring, wherein the cavity is located between the
package substrate and the component and the cavity
is hermetically-sealed via the guard ring and the sol-
der joint.
Example 2 may include the package assembly of
example 1, wherein the package substrate includes
a dielectric material that extends within the guard
ring and provides hermeticity.
Example 3 may include the package assembly of
example 2, wherein the dielectric material is located
on the surface of the package substrate.
Example 4 may include the package assembly of
example 2, wherein the dielectric material is an in-
organic dielectric material.
Example 5 may include the package assembly of
example 2, wherein the dielectric material includes
silicon, nitrogen, aluminum, or oxygen.
Example 6 may include the package assembly of
any of examples 1-5, wherein the package substrate
further includes an interconnect element located
within the guard ring, wherein the interconnect ele-
ment extends from the surface of the package sub-
strate, is coupled to the component, and provides
electrical connectivity between the package sub-
strate and the component.
Example 7 may include the package assembly of
any of examples 1-5, wherein the guard ring includes
a first region located on the surface of the package
substrate and a second region located on the first
region, and wherein the first region includes copper

and the second region includes solder.
Example 8 may include the package assembly of
any of examples 1-5, wherein the guard ring includes
a first region located on the surface of the package
substrate, a second region located on the first region,
and a third region located on the second region,
wherein the first region includes copper, wherein the
second region includes a surface finish, and wherein
the third region includes solder.
Example 9 may include the package assembly of
example 8, wherein the surface finish includes nick-
el, palladium, or gold.
Example 10 may include the package assembly of
any of examples 1-5, wherein the guard ring includes
a first region located on the surface of the package
substrate and a second region located on the first
region, and wherein the first region includes copper
and the second region includes a surface finish.
Example 11 may include the package assembly of
example 10, wherein the surface finish includes nick-
el, palladium, or gold.
Example 12 may include the package assembly of
example 10, wherein the second region further is
located on a first side of the first region and a second
side of the first region, the second side opposite to
the first side, and wherein the first side and the sec-
ond side extend substantially perpendicularly from
the surface of the package substrate.
Example 13 may include the package assembly of
example 12, wherein the surface finish includes nick-
el, palladium, or gold.
Example 14 may include the package assembly of
any of examples 1-5, wherein the component is a
device with moving elements (DME), and wherein
an element of the DME extends within the cavity.
Example 15 may include a method of producing a
hermetic cavity within a package assembly, compris-
ing forming a guard ring on a surface of a package
substrate, wherein the guard ring is to extend around
a circumference of the hermetic cavity, positioning
a component on the guard ring, and forming a solder
joint coupling the guard ring and the component,
wherein the solder joint hermetically seals the her-
metic cavity.
Example 16 may include the method of example 15,
wherein forming the guard ring includes positioning
a resist on the surface of the package substrate, the
resist having an opening for the guard ring, perform-
ing a metal plating procedure that deposits the guard
ring within the opening of the resist, and removing
the resist.
Example 17 may include the method of example 16,
wherein performing the metal plating procedure in-
cludes forming a first region on the surface of the
package substrate, the first region including copper,
and forming a second region on a surface of the first
region, the surface of the first region being located
on an opposite side of the first region from the surface
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of the package substrate.
Example 18 may include the method of example 17,
wherein the second region includes solder, nickel,
palladium, or gold.
Example 19 may include the method of example 17,
wherein performing the metal plating procedure fur-
ther includes forming a third region on a surface of
the second region, the surface of the second region
being located on an opposite side of the second re-
gion from the surface of the first region, wherein the
second region includes nickel, palladium, or gold,
and wherein the third region includes solder.
Example 20 may include the method of any of ex-
amples 15-19, further comprising depositing a her-
metic region on the package substrate.
Example 21 may include the method of example 20,
wherein the hermetic region includes an inorganic
dielectric material.
Example 22 may include the method of example 20,
wherein the hermetic region includes silicon, nitro-
gen, aluminum, or oxygen.
Example 23 may include the method of any of ex-
amples 15-19, further comprising forming an inter-
connect element that extends from the surface of the
package substrate, wherein the interconnect ele-
ment is located within the guard ring, and forming a
solder joint coupling the interconnect element to a
contact of the component, wherein interconnect el-
ement is to provide an electrical connection between
the package substrate and the component.
Example 24 may include the method of example 23,
wherein forming the interconnect element includes
drilling a via in the surface of the package substrate,
wherein the via extends into a conductive material
of the package substrate, positioning a resist on the
surface of the package substrate, the resist having
an opening over the via, performing a metal plating
procedure that deposits the interconnect element
within the opening of the resist, and removing the
resist.
Example 25 may include the method of any of ex-
amples 15-19, further comprising forming an over-
mold on the component, wherein the overmold en-
capsulates the component and the guard ring.
Example 26 may include a computer device, com-
prising a printed circuit board (PCB), and a package
assembly mounted on the PCB, wherein the pack-
age assembly includes a package substrate that in-
cludes a guard ring, wherein the guard ring extends
from a surface of the package substrate and around
a circumference of a cavity, and a component cou-
pled to the guard ring by a solder joint along an en-
tirety of the guard ring, wherein the cavity is located
between the package substrate and the component
and the cavity is hermetically-sealed via the guard
ring and the solder joint.
Example 27 may include the computer device of ex-
ample 26, wherein the package substrate includes

a dielectric material that extends within the guard
ring and provides hermeticity.
Example 28 may include the computer device of ex-
ample 27, wherein the dielectric material is located
on the surface of the package substrate.
Example 29 may include the computer device of ex-
ample 27, wherein the dielectric material is an inor-
ganic dielectric material.
Example 30 may include the computer device of ex-
ample 27, wherein the dielectric material includes
silicon, nitrogen, aluminum, or oxygen.
Example 31 may include the computer device of any
of examples 26-30, wherein the package substrate
further includes an interconnect element located
within the guard ring, wherein the interconnect ele-
ment extends from the surface of the package sub-
strate, is coupled to the component, and provides
electrical connectivity between the package sub-
strate and the component.
Example 32 may include the computer device of any
of examples 26-30, wherein the guard ring includes
a first region located on the surface of the package
substrate and a second region located on the first
region, and wherein the first region includes copper
and the second region includes solder.
Example 33 may include the computer device of any
of examples 26-30, wherein the guard ring includes
a first region located on the surface of the package
substrate, a second region located on the first region,
and a third region located on the second region,
wherein the first region includes copper, wherein the
second region includes a surface finish, and wherein
the third region includes solder.
Example 34 may include the computer device of ex-
ample 33, wherein the surface finish includes nickel,
palladium, or gold.
Example 35 may include the computer device of any
of examples 26-30, wherein the guard ring includes
a first region located on the surface of the package
substrate and a second region located on the first
region, and wherein the first region includes copper
and the second region includes a surface finish.
Example 36 may include the computer device of ex-
ample 35, wherein the surface finish includes nickel,
palladium, or gold.
Example 37 may include the computer device of ex-
ample 35, wherein the second region further is lo-
cated on a first side of the first region and a second
side of the first region, the second side opposite to
the first side, and wherein the first side and the sec-
ond side extend substantially perpendicularly from
the surface of the package substrate.
Example 38 may include the computer device of ex-
ample 37, wherein the surface finish includes nickel,
palladium, or gold.
Example 39 may include the computer device of any
of examples 26-30, wherein the component is a de-
vice with moving elements (DME), and wherein an
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element of the DME extends within the cavity.

[0122] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
disclosed embodiments of the disclosed device and as-
sociated methods without departing from the spirit or
scope of the disclosure. Thus, it is intended that the
present disclosure covers the modifications and varia-
tions of the embodiments disclosed above provided that
the modifications and variations come within the scope
of any claims and their equivalents.

Claims

1. A package assembly, comprising:

a package substrate that includes a guard ring,
wherein the guard ring extends from a surface
of the package substrate and around a circum-
ference of a cavity; and
a component coupled to the guard ring by a sol-
der joint along an entirety of the guard ring,
wherein the cavity is located between the pack-
age substrate and the component and the cavity
is hermetically-sealed via the guard ring and the
solder joint.

2. The package assembly of claim 1, wherein the pack-
age substrate includes a dielectric material that ex-
tends within the guard ring and provides hermeticity.

3. The package assembly of claim 2, wherein the die-
lectric material is located on the surface of the pack-
age substrate.

4. The package assembly of claim 2, wherein the die-
lectric material is an inorganic dielectric material.

5. The package assembly of claim 2, wherein the die-
lectric material includes silicon, nitrogen, aluminum,
or oxygen.

6. The package assembly of any of claims 1-5, wherein
the package substrate further includes an intercon-
nect element located within the guard ring, wherein
the interconnect element extends from the surface
of the package substrate, is coupled to the compo-
nent, and provides electrical connectivity between
the package substrate and the component.

7. The package assembly of any of claims 1-5, wherein
the guard ring includes a first region located on the
surface of the package substrate and a second re-
gion located on the first region, and wherein the first
region includes copper and the second region in-
cludes solder.

8. The package assembly of any of claims 1-5, wherein
the guard ring includes a first region located on the
surface of the package substrate, a second region
located on the first region, and a third region located
on the second region, wherein the first region in-
cludes copper, wherein the second region includes
a surface finish, and wherein the third region includes
solder.

9. The package assembly of claim 8, wherein the sur-
face finish includes nickel, palladium, or gold.

10. The package assembly of any of claims 1-5, wherein
the guard ring includes a first region located on the
surface of the package substrate and a second re-
gion located on the first region, and wherein the first
region includes copper and the second region in-
cludes a surface finish.

11. The package assembly of claim 10, wherein the sur-
face finish includes nickel, palladium, or gold.

12. The package assembly of claim 10, wherein the sec-
ond region further is located on a first side of the first
region and a second side of the first region, the sec-
ond side opposite to the first side, and wherein the
first side and the second side extend substantially
perpendicularly from the surface of the package sub-
strate.

13. The package assembly of claim 12, wherein the sur-
face finish includes nickel, palladium, or gold.

14. The package assembly of any of claims 1-5, wherein
the component is a device with moving elements
(DME), and wherein an element of the DME extends
within the cavity.

15. A method of producing a hermetic cavity within a
package assembly, comprising:

forming a guard ring on a surface of a package
substrate, wherein the guard ring is to extend
around a circumference of the hermetic cavity;
positioning a component on the guard ring; and
forming a solder joint coupling the guard ring
and the component, wherein the solder joint her-
metically seals the hermetic cavity.
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