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THIN SECTION INTERLOCK GEOMETRY
FOR MOLDING PLASTIC

BACKGROUND

[0001] As technology advances, computing devices have
become increasingly portable, leading to the development of
lighter, thinner, sleeker housings. Due to durability, protec-
tion, and aesthetics, these housings are commonly con-
structed from sections of metal or metal alloy. Many cur-
rently manufactured computing devices include an antenna.
Particularly 1n portable computing devices, the antenna may
be a slot antenna, the design of which requires that the
sections of metal housing are not touching. To accommodate
the antenna and an increasing number of complex compo-
nents 1n the housing of the computing device while main-
taining a high level of portability, engineers face a challenge
in designing joints for the housings that provide electrical
1solation between adjacent metal sections of the housing, are
strong enough to endure device drops, are sufliciently thin to
achieve a compact form factor, and which may be con-
structed using a wide variety of metal, ceramic, and plastic
materials.

SUMMARY

[0002] To address the 1ssues discussed above, a computing
device comprising a housing, a metal strip, and a plastic
interlock structure. The housing may have a joint including
adjacently arranged first and second metal sections separated
by a void. The metal strip may be joined to a surface of one
of the metal sections. The metal strip may have a hole
formed therein, and the hole may include an undercut
region. The plastic interlock structure may be positioned at
least partially 1n the void. The metal strip may be embedded
in the plastic iterlock structure such that the hole, including
the undercut region, 1s filled with plastic of the plastic
interlock structure to strengthen the joint between the adja-
cently arranged metal sections of the housing. The plastic
interlock structure may physically and electrically 1solate the
adjacent metal sections from one another to form an antenna
that permaits transmission of radio waves.

[0003] This Summary 1s provided to introduce a selection
of concepts 1 a simplified form that are further described
below 1n the Detailed Description. This Summary 1s not
intended to 1dentily key features or essential features of the
claimed subject matter, nor 1s 1t intended to be used to limait
the scope of the claimed subject matter. Furthermore, the
claimed subject matter 1s not limited to implementations that
solve any or all disadvantages noted in any part of this
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 shows a front perspective view of a com-
puting device.
[0005] FIG. 2 shows a rear perspective view of the com-

puting device of FIG. 1.

[0006] FIG. 3 shows a front perspective view of an 1nside
of a housing of the computing device of FIG. 1 and includes

an expanded view of a portion of the housing.

[0007] FIG. 4 shows a front view of the computer housing
of FIG. 3.
[0008] FIG. 5 shows a front view of the computer housing

of FIG. 3, including metal strips.
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[0009] FIG. 6 shows a front view of a section of the
computing device of FIG. 1.

[0010] FIG. 7 shows a bottom perspective view of a metal
strip of the computing device of FIG. 1.

[0011] FIGS. 8A-8D show front views of undercut regions
of the holes 1n the metal strip of FIG. 7.

[0012] FIG. 9 shows a flowchart of a method for a housing
ol a computing device, according to one implementation of
the present disclosure.

[0013] FIG. 10 shows an example computing system
according to an implementation of the present disclosure.

DETAILED DESCRIPTION

[0014] The mventors of the subject application have dis-
covered that forming secure joints between sections of
housing on a computing device 1s constrained not only by
available techniques and materials, but also by user desire to
include increasing numbers of complex components 1n a
sleek and portable housing of decreasing size that 1s resistant
to breakage. Metal and metal alloys are commonly used to
form sections of the housing, which can present a challenge
when the computing device includes an internally mounted
antenna, as metallic materials block radio signals. In some
designs, the metal sections may be separated by a noncon-
ductive material to form an antenna. Techniques such as
nano molding technology (NMT) have been traditionally
utilized to join the sections of housing to the nonconductive
material. However, NMT 1s typically implemented on alu-
minum/aluminum alloys with thermoplastic materials that
contain ester linkages.

[0015] As illustrated in FIG. 1, to address the above
identified 1ssues a computing device 10 1s provided. The
computing device 10 may include a housing 12 having a
joint 18 including adjacently arranged first and second metal
sections 14, 16, as shown 1n FIG. 2. An external surface of
the housing 12 1n a region of the joint 18 between the first
and second metal sections 14, 16 may be substantially
planar. The computing device 10 may further include a
processor 20 mounted on a circuit board 22 within the
housing 12. Further, a memory 24 may be operatively
coupled to the processor 20. While the computing device 10
illustrated 1n the example implementation of FIGS. 1 and 2
1s depicted as a smart phone, 1t will be appreciated that the
present disclosure may be implemented in other types of
computing devices, such as a personal computer, gaming
device, wearable computing device, or smart television.
[0016] Turning now to FIG. 3, a front perspective view of
an 1side of the housing 12 of the computing device 10 of
FIG. 1 1s provided, including the region of the joint 18
between the first and second metal sections 14, 16. An
expanded view of a cutaway portion of the housing 12
provides a detailed 1llustration of the joint 18.

[0017] Looking at the expanded view of FIG. 3 with
reference to FIG. 4, the first and second metal sections 14,
16 may be separated by a void 26. As shown 1n FIG. 4, each
metal section 14, 16 of the housing 12 may be formed to
have a top surface 28, a bottom surface 30 that 1s parallel to
the top surface 28, and an interior surface 32 connecting the
top surface 28 and the bottom surface 30. The top surface 28
may include an extension 34 standing proud of the top
surface 28 that 1s positioned adjacent the void 26. The
interior surface 32 may include a step 36 that defines an
overhang region 38 of the top surface 28, which 1s also
positioned adjacent the void 26 in a plane parallel to and
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partially beneath the extension 34 standing proud of the top
surface 28. While the example implementation 1illustrates
cach feature described above, it will be appreciated that not
every feature may be present as shown. For example, the top
surface 28 may be formed to be planar 1n the absence of an
extension 34 standing proud. Additionally, the interior sur-
face 32 may also be formed as a planar surface in the
absence of the step 36 that defines the overhang region 38.
Likewise, additional features not represented in the 1llus-
trated implementation may be present, such as an extension
standing proud of the top surface that 1s positioned separate
from the void 26.

[0018] As shown in FIG. 3, a plurality of metal strips 40
may be provided, each being joined to a surface of one of the
metal sections 14, 16. Whale the 1llustrated example includes
two metal strips 40, 1t will be appreciated that the quantity
of metal strips 40 attached to the housing 12 may be more
or fewer than two. While at least one metal strip 40 must be
attached to at least one metal section of the housing 12, each
individual metal section of the housing 12 may be devoid of
metal strips 40, include a single metal strip 40, or include a
plurality of metal strips 40.

[0019] Additionally or alternatively, the metal strip 40
may be a first metal strip 40a, and the computing device 10
may further include a second metal strip 405. As shown 1n
the 1llustrated implementation of FIG. 5, the first metal strip
40a may be joined to the extension 34 standing proud of the
top surface 28 and positioned adjacent the void 26. The
second metal strip 405 may be joined to the underside of the
overhang region 38 of the top surface 28 of the same metal

section of the housing 12 and positioned adjacent the void
26.

[0020] Moreover, as 1illustrated i FIG. 5, the first and

second metal strips 40aq and 405 may be joined to the first
metal section 14 of the housing 12, and a third metal strip
40¢ and a fourth metal strip 404 may be joined to the second
metal section 16 of the housing 12.

[0021] Further, as illustrated in FIG. 5, the metal strips 40
may be positioned at a location selected from the group
consisting of the extension 34a standing proud of the first
metal section 14, the underside of the overhang region 38a
of the first metal section 14, the extension 3456 standing
proud of the second metal section 16, or the underside of the
overhang region 38b of the second metal section 16.

[0022] In the example implementation shown i FIG. 5,
the first and second metal strips 40a, 405 may be joined to
the extension 34a standing proud of the top surface 28a and
to the underside of the overhang region 38a, respectively. As
discussed below, each metal strip may include holes 44,
which are depicted as through holes 1n the 1llustrated imple-
mentation. The third metal strip 40c may be joined to the
extension 345 standing proud of the top surface 285 of the
second metal section 16 and positioned adjacent the void 26
opposite the first metal strip 40a. Similarly, the fourth metal
strip 404 may be joined to the underside of the overhang
region 385 of the top surface 285 of the second metal section
16 and positioned adjacent the void 26 opposite the second
metal strip 405. The provided example 1llustrates the metal
strips 40 joined to the extension 34 standing proud of the top
surface or to the underside of the overhang region 38.
However, 1t will be appreciated that a metal strip 40 may be
positioned on a surface of a metal section 1n an alternate
location to those described above, such as on the interior
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surface 32 or the mside of the step 36 of the first or second
metal sections 14, 16 of the housing 12.

[0023] In the depicted implementation, the metal strips 40
are positioned adjacent the void 26. However, 1t will be
appreciated that the metal strips 40 may be arranged at an
alternate location separate from the void 26, such as on the
top surtace 28 of a metal section of the housing 12.

[0024] The example implementation provided in FIG. 5
illustrates that welds 42 are provided to join the metal strips
40a, 400, 40c, 40d to the housing 12. The welds 42 are
preferably formed by laser welding. However, it will be
understood that another mechanism may be provided to
secure the metal strips 40 to the metal sections 14, 16 of the
housing 12, such as adhesives or fasteners.

[0025] In any of the implementations described herein, the
metal strips 40 and the metal sections 14, 16 of the housing
12 may be formed of magnesium or a magnesium alloy. In
addition to being lightweight, strong, and durable, magne-
stum and its alloys also effectively dissipate heat and
dampen shock and vibrations, thereby making them advan-
tageous materials for use 1 housings of computing devices.
Alternatively, 1t will be appreciated that the metal strips 40
and the metal sections 14, 16 of the housing 12 of the
computing device 10 of any of the implementations
described herein may be formed of any sufliciently durable
material, such as aluminum or the like.

[0026] As illustrated in FIG. 3, the metal strips 40 may
have a plurality of holes 44 formed therein. Turning to FIG.
7, 1t 1s further 1llustrated that the holes 44 1n the metal strips
40 may each have an undercut region 46. Moreover, each
hole 44 may be a through hole formed 1n the metal strip 40
that bottoms at the surface of the metal section to which 1t
1s joined. As shown, the through hole may have an undercut
region 46, which 1s bordered by the surface of the metal
section. FIG. 7 illustrates a metal strip 40 1n which the
through hole 1s one of a plurality of through holes. In the
illustrated implementation, each through hole may have a
corresponding undercut region 46, and the plurality of
through holes may be arranged in a periodic pattern along
the metal strip 40. The depicted pattern includes two rows of
holes, although a single row or multiple rows may be
provided. The holes may also be staggered in a zigzag
pattern, or provided in other patterns that distribute the holes
along the metal strips.

[0027] FIGS. 8A-8D provide front views of the holes 44,
illustrating a variety of shapes in which the undercut regions
46 of the through holes may be formed. For example, the
undercut regions 46 may have a shape selected from the
group consisting of funnel (see FIG. 8A), dovetail (see FIG.
8B), bell (see FIG. 8C), and upside down T (see FIG. 8D).
Alternatively, the shape of the undercut region 46 may be
formed 1n a configuration that is not illustrated, such as a
threaded cylinder or a plus sign (+). The undercut regions 46
of the through holes may be formed by exclusion molding,
ctching, pressing, or rolling. Alternatively, another tech-
nique such as layering may be utilized to form the undercut
regions 46. While the 1llustrated implementations shown in
FIGS. 7 and 8A-8D depict a through hole, 1t will be
appreciated that the through hole may be implemented 1n
any ol the implementations described herein as a hole 44 1n
the metal strip 40 that does not bottom at the surface of the
metal section to which it 1s joined.

[0028] Looking now at FIG. 6, a plastic interlock structure
48 may be positioned at least partially 1n the void 26. As
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shown 1n FIG. 6 with reference to the cutaway 1n FIG. 3, the
metal strips 40 may be embedded 1n the plastic interlock
structure 48. In the illustrated configuration, the hole 44,
including the undercut region 46, may be filled with plastic
of the plastic interlock structure 48. As discussed above and
shown 1n FIG. 5, the metal strip 40 may be a first metal strip
40a joined to the extension 34a standing proud of the top
surface 28a of the first metal section 14. Additionally or
alternatively, the computing device 10 may further include
a second metal strip 405. In this example implementation of
FIG. 6, the second metal strip 405 may be jomed to the
extension 34H standing proud of the top surface 285 of the
second metal section 16. The plastic interlock structure 48
may be configured to fill the void 26 between two adjacently
arranged metal sections 14, 16 of the housing 12. As shown,
the plastic mterlock structure 48 fills the entire void 26
between the first and second metal sections 14, 16 of the
housing 12, including a wider area at a base of the void 26
tformed by the overhang regions 38a, 380 of the first and
second metal sections 14, 16. The plastic interlock structure
48 may be further configured to extend beyond the void 26
to cover at least a portion of the extensions 34a, 346 standing,
proud of the top surfaces 28a, 286 of the two adjacently
arranged metal sections 14, 16. In this arrangement, the
plastic interlock structure 48 may encase the first and second
metal strips 40a, 405 joined to each of the two adjacently
arranged metal sections 14, 16.

[0029] To position the plastic interlock structure 48 such
that it fills the void 26 and the undercut region 46 of the
through holes, the plastic interlock structure 48 may be
injection molded on to the metal strip 40 that 1s joined to a
metal section of the housing 12. As 1llustrated 1n FIG. 6, the
first and second metal sections 14, 16 of the housing 12,
metal strips 40, and plastic interlock structure 48 may be
stacked 1n this order 1n a stack. In the illustrated implemen-
tation, a height H of the stack may be 1n a range of 0.5 mm
to 2.0 mm. However, it will be appreciated that the height of
the stack of the metal housing 14, 16, metal strip 40, and
plastic interlock structure 48 may be lower or higher than the
provided example.

[0030] In any of the implementations described herein, the
plastic interlock structure 48 preferentially includes plastic
formed of a matenal selected from the group consisting of
polyetherimide, polybutylene terephthalate, polyether ether
ketone, polycarbonate, and polyamide. However, the plastic
interlock structure 48 of any of the implementations
described herein may be formed of any sufliciently injection
moldable thermoplastic material, such as polyphenylene
sulfide or polyphthalamide.

[0031] Turning back to FIG. 3, the example implementa-
tion 1llustrates that the first and second metal sections 14, 16
are positioned adjacent to, and separated by, the plastic
interlock structure 48. Being formed of a plastic material as
discussed above, the plastic interlock structure 48 1s a
nonconductive material. Thus, the placement of the plastic
interlock structure 48 between the first and second metal
sections 14, 16 may physically and electrically 1solate the
adjacent metal sections from one another to form an antenna
that 1s configured to transmit and/or receive radio waves.

[0032] As shown i FIG. 4, the width of the plastic
interlock structure 48 spans a distance D, between the
extensions 34 standing proud of the top surfaces 28 of the
first and second metal sections 14, 16 may be within a range
of 0.1 mm to 5.0 mm. Similarly, a distance D, that defines
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a width of the plastic interlock structure 48 between the
bottom surfaces 30 of the first and second metal sections 14,
16 may be within a range of 0.1 mm to 5.0 mm. In the
illustrated implementation, D, 1s less than D, to facilitate
interlocking. However, it will be appreciated that in alternate
implementations, D, may be equal to or greater than D,.
[0033] While a typical implementation 1s 1llustrated as a
computing device 10 with a slot antenna, an alternate
implementation may 1nclude an mternally mounted antenna
50, as depicted by the dotted line mm FIG. 3. When an
internally mounted antenna 50 1s included, 1t will be appre-
ciated that the distance between the first and second metal
sections 14, 16 may be within a range of 5.0 mm to 10.0 mm
to permit radio waves to pass through the housing 12 to the
internally mounted antenna 50.

[0034] In any of the implementations described herein, the
configuration of metal strips 40 joined to the first and second
metal sections 14, 16 and embedded 1n the plastic interlock
structure 48 that fills the void 26 between the first and
second metal sections 14, 16 serves to thereby strengthen the
joimt 18 between the adjacently arranged metal sections 14,
16 of the housing 12. The inclusion of the metal strips 40 1n
the joint 18 contribute additional infrastructure to the hous-
ing 12 of the computing device 10 to prevent breakage or
fracture of the housing 12 in the event that the computing
device 10 1s dropped or experiences an 1mpact event.

[0035] FIG. 9 shows an example method 800 according to
an 1mplementation of the present description. At step 802,
the method 800 may include forming a housing to have a
jomt including adjacently arranged first and second metal
sections separated by a void.

[0036] Proceeding from step 802 to step 804, the method
may include joining a metal strip to a surface of one of the
metal sections, the metal strip having a through hole with an
undercut region. As discussed above, the through hole may
bottom at the surface of the metal section to which it 1s
jomed, and the undercut region may be bordered by the
surtace.

[0037] Advancing from step 804 to step 806, the method
may include molding a plastic interlock structure to be
positioned at least partially 1n the void. As described above
in an example implementation, the plastic interlock structure
may be configured to fill the void between two adjacently
arranged metal sections of housing, including a wider area
at the base of the void that 1s formed by the overhang regions
of the first and second metals sections. The plastic interlock
structure may be further configured to over at least a portion
of the extensions standing proud of the top surfaces of the
metal sections and encase the metal strips joined to the metal
sections.

[0038] Continuing from step 806 to step 808, the method
may include embedding the metal strip 1n the plastic inter-
lock structure to fill the through hole with plastic of the
interlock structure. As discussed above, the undercut region
of the through hole may also be filled with the material of the
plastic interlock structure. The configuration of embedding
a metal strip, which i1s joined to a metal section of the
housing, in the plastic interlock structure strengthens the
jomt between adjacently arranged metal sections of the
housing.

[0039] Proceeding from step 808 to step 810, the method
may include physically and electrically isolating the adja-
cent metal sections with the plastic interlock structure to
form an antenna that permits transmission of radio waves.
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As discussed above, the plastic interlock structure i1s non-
conductive. Thus, arranging the plastic interlock structure
between adjacent metal sections of the housing physically
and electrically 1solates the metal sections and enables the
metal sections and slot to function as a slot antenna capable
of transmitting and/or receiving radio waves.

[0040] The computing device 10 1s illustrated as a smart
phone. However, the computing device 10 may take a
variety of other forms. A computing system 900 i1s generally
illustrated in FI1G. 10, which may serve as computing device
10 of FIGS. 1 and 2. Computing system 900 may be 1n the
form of one or more personal computers, server computers,
tablet computers, home-entertainment computers, network
computing devices, gaming devices, mobile computing
devices, mobile communication devices (e.g., smartphone),
and/or other computing devices, and wearable computing
devices such as smart wristwatches and head mounted
augmented reality devices.

[0041] Computing system 900 includes a logic processor
902, volatile memory 903, and a non-volatile storage device
904. Computing system 900 may optionally include a dis-
play subsystem 906, imnput subsystem 908, communication
subsystem 1000, and/or other components not shown 1n FIG.

10.

[0042] Logic processor 902 includes one or more physical
devices configured to execute instructions. For example, the
logic processor may be configured to execute instructions
that are part of one or more applications, programs, routines,
libraries, objects, components, data structures, or other logi-
cal constructs. Such instructions may be implemented to
perform a task, implement a data type, transform the state of
one or more components, achieve a technical eflect, or
otherwise arrive at a desired result.

[0043] The logic processor may include one or more
physical processors (hardware) configured to execute soft-
ware 1nstructions. Additionally or alternatively, the logic
processor may include one or more hardware logic circuits
or firmware devices configured to execute hardware-imple-
mented logic or firmware instructions.

[0044] Non-volatile storage device 904 includes one or
more physical devices configured to hold instructions
executable by the logic processors to implement the methods
and processes described herein. When such methods and
processes are implemented, the state of non-volatile storage
device 904 may be transformed—e.g., to hold different data.

[0045] Non-volatile storage device 904 may include
physical devices that are removable and/or built-in. Non-
volatile storage device 904 may include optical memory

(e.g., CD, DVD, HD-DVD, Blu-Ray Disc, etc.), semicon-
ductor memory (e.g., ROM, EPROM, EEPROM, FLASH
memory, etc.), and/or magnetic memory (e.g., hard-disk
drive, floppy-disk drive, tape drive, MRAM, etc.), or other
mass storage device technology. Non-volatile storage device
904 may include nonvolatile, dynamic, static, read/write,
read-only, sequential-access, location-addressable, file-ad-
dressable, and/or content-addressable devices. It will be
appreciated that non-volatile storage device 904 1s config-
ured to hold instructions even when power 1s cut to the
non-volatile storage device 904.

[0046] Volatile memory 903 may include physical devices
that include random access memory. It will be appreciated
that random access memory may also be provided in non-
volatile memory. Volatile memory 903 1s typically utilized
by logic processor 902 to temporarily store information
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during processing of software instructions. It will be appre-
ciated that volatile memory 903 typically does not continue
to store instructions when power 1s cut to the volatile
memory 903.

[0047] Aspects of logic processor 902, volatile memory
903, and non-volatile storage device 904 may be integrated
together into one or more hardware-logic components. Such
hardware-logic components may include field-program-
mable gate arrays (FP GAs), program- and application-
specific integrated circuits (PASIC/ASICs), program- and
application-specific standard products (PSSP/ASSPs), sys-
tem-on-a-chip (SOC), and complex programmable logic
devices (CPLDs), for example.

[0048] When included, display subsystem 906 may be

used to present a visual representation of data held by
non-volatile storage device 904. The visual representation
may take the form of a graphical user interface (GUI).
Display subsystem 906 may include one or more display
devices utilizing virtually any type of technology. Such
display devices may be combined with logic processor 902,
volatile memory 903, and/or non-volatile storage device 904
in a shared enclosure, or such display devices may be
peripheral display devices.

[0049] When included, mput subsystem 908 may com-
prise or interface with one or more user-input devices such
as a keyboard, mouse, touch screen, microphone, camera, or
game controller.

[0050] When included, communication subsystem 1000
may be configured to communicatively couple various com-
puting devices described herein with each other, and with
other devices. Communication subsystem 1000 may include
wired and/or wireless communication devices compatible
with one or more different communication protocols. As
non-limiting examples, the communication subsystem may
be configured for communication via a wireless telephone
network, or a wired or wireless local- or wide-area network.
In some implementations, the communication subsystem
may allow computing system 900 to send and/or receive
messages to and/or from other devices via a network such as
the Internet.

[0051] The following paragraphs provide additional sup-
port for the claims of the subject application. One aspect
provides a computing device comprising a housing having a
joint including adjacently arranged first and second metal
sections separated by a void, a metal strip joined to a surface
of one of the metal sections, and a plastic interlock structure
positioned at least partially in the void. The metal strip may
have a hole formed therein, the hole having an undercut
region. The metal strip may be embedded in the plastic
interlock structure such that the hole, including the undercut
region, may be filled with plastic of the plastic interlock
structure to thereby strengthen the joint between the adja-
cently arranged metal sections of the housing. The plastic
interlock structure may physically and electrically 1solate the
adjacent metal sections from one another to form an antenna
that 1s configured to transmit and/or receive radio waves. In
this aspect, additionally or alternatively, the hole may be a
through hole formed in the metal strip that bottoms at the
surface of the metal section to which 1t 1s joined, the through
hole having an undercut region bordered by the surface. In
this aspect, additionally or alternatively, each metal section
of the housing may comprise a top surface including an
extension standing proud of the top surface and positioned
adjacent the void, a bottom surface parallel to the top
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surface, and an interior surface connecting the top surface
and the bottom surface and positioned adjacent the void, the
interior surface including a step that defines an overhang
region of the top surface. In this aspect, additionally or
alternatively, the metal strip may be positioned adjacent the
vold, and the metal strip may be positioned at a location
selected from the group consisting of the extension standing
proud of the first metal section, the underside of the over-
hang region of the first metal section, the extension standing
proud of the second metal section, or the underside of the
overhang region of the second metal section. In this aspect,
additionally or alternatively, the metal strip may be a {first
metal strip, and the computing device may further include a
second metal strip. The first metal strip may be joined to the
extension standing proud of the top surface and positioned
adjacent the void, and the second metal strip may be joined
to the underside of the overhang region of the top surface
and positioned adjacent the void. In this aspect, additionally
or alternatively, the first and second metal strips may be
joined to the first metal section of the housing, and a third
metal strip and a fourth metal strip may be joined to the
second metal section of the housing. The third metal strip
may be joined to the extension standing proud of the top
surface and positioned adjacent the void opposite the first
metal strip, and the fourth metal strip may be joined to the
underside of the overhang region of the top surface and
positioned adjacent the void opposite the second metal strip.
In this aspect, additionally or alternatively, the metal strip
may be a first metal strip, and the computing device may
turther include a second metal strip. The plastic interlock
structure may be configured to fill the void between two
adjacently arranged metal sections of housing, including a
wider area at a base of the void formed by the overhang
regions of the first and second metal sections, and extend
beyond the void to cover at least a portion of the extensions
standing proud of the top surfaces of the two adjacently
arranged metal sections, thereby encasing the first and
second metal strips joined to each of the two adjacently
arranged metal sections. In this aspect, additionally or
alternatively, the through hole may be one of a plurality of
through holes each having a corresponding undercut region,
the plurality of through holes being arranged in a periodic
pattern along the metal strip. In this aspect, additionally or
alternatively, the undercut regions of the through holes may
have a shape selected from the group consisting of funnel,
dovetail, bell, and upside down T. In this aspect, additionally
or alternatively, the undercut regions of the through holes
may be formed by exclusion molding, etching, pressing, or
rolling. In this aspect, additionally or alternatively, welds
may be provided to join the metal strip to the housing. In this
aspect, additionally or alternatively, an external surface of
the housing in a region of the joint may be substantially
planar. In this aspect, additionally or alternatively, the hous-
ing may be formed of magnesium or a magnesium alloy, and
the metal strip may be formed of magnesium or a magne-
sium alloy. In this aspect, additionally or alternatively, the
plastic iterlock structure may be mjection molded on to the
metal strip, and may include plastic formed of a material
selected from the group consisting of polyetherimide, poly-
butylene terephthalate, polyether ether ketone, polycarbon-
ate, and polyamide. In this aspect, additionally or alterna-
tively, the metal housing, metal strip, and plastic interlock
structure may be stacked 1n this order in a stack, and a height
of the stack may be 1n a range of 0.5 mm to 2.0 mm. In this
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aspect, additionally or alternatively, the computing device
may further comprise a processor mounted on a circuit board
within the housing and a memory operatively coupled to the
Processor.

[0052] Another aspect provides a method for a computing
device comprising forming a housing to have a joint includ-
ing adjacently arranged first and second metal sections
separated by a void, joining a metal strip to a surface of one
of the metal sections, the metal strip having a hole formed
therein that bottoms at the surface, the hole having an
undercut region bordered by the surface, molding a plastic
interlock structure to be positioned at least partially in the
vold, embedding the metal strip 1in the plastic interlock
structure such that the hole, including the undercut region, 1s
filled with plastic of the plastic interlock structure, to thereby
strengthen the joint between the adjacently arranged metal
sections of the housing, and physically and electrically
1solating the adjacent metal sections from one another with
the plastic interlock structure to form an antenna that 1s
configured to transmit and/or receive radio waves. In this
aspect, additionally or alternatively, the method may further
comprise mnjection molding the plastic interlock structure on
to the metal strip and including plastic formed of a material
selected from the group consisting of polyetherimide, poly-
butylene terephthalate, polyether ether ketone, polycarbon-
ate, and polyamide. In this aspect, additionally or alterna-
tively, the method may further comprise forming each
section of metal housing to include a top surface including
an extension standing proud of the top surface and posi-
tioned adjacent the void, a bottom surface parallel to the top
surface, and an interior surface connecting the top surface
and the bottom surface and positioned adjacent the void,
wherein the interior surface including a step that defines an
overhang region of the top surface, positioning the metal
strip adjacent the void, and joining the metal strip to the
housing at a location selected from the group consisting of
the extension standing proud of the first metal section, the
underside of the overhang region of the first metal section,
the extension standing proud of the second metal section, or
the underside of the overhang region of the second metal
section.

[0053] Another aspect provides a computing device com-
prising a housing having a jomt including adjacently
arranged first and second metal sections separated by a void,
a first metal strip formed of magnesium and joined to a
surface of one of the first metal section adjacent the void, a
second metal strip formed of magnesium and joined to a
surface of the second metal section adjacent the void oppo-
site the first metal strip, and a plastic interlock structure
positioned at least partially in the void. The first metal strip
may have a hole formed therein, the hole having an undercut
region, and the second metal strip may have a hole formed
therein, the hole having an undercut region. The first and
second metal strips may be embedded 1n the plastic interlock
structure such that the holes 1n the first and second metal
strips, mncluding the undercut regions, are filled with plastic
of the plastic interlock structure.

[0054] It will be understood that the configurations and/or
approaches described herein are exemplary in nature, and
that these specific implementations or examples are not to be
considered 1n a limiting sense, because numerous variations
are possible. The specific routines or methods described
herein may represent one or more ol any number of pro-
cessing strategies. As such, various acts 1illustrated and/or
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described may be performed in the sequence illustrated
and/or described, 1n other sequences, in parallel, or omitted.
Likewise, the order of the above-described processes may be
changed.

[0055] The subject matter of the present disclosure
includes all novel and non-obvious combinations and sub-
combinations of the various processes, systems and configu-
rations, and other features, functions, acts, and/or properties
disclosed herein, as well as any and all equivalents thereof.

1. A computing device, comprising;:

a housing having a joint including adjacently arranged
first and second metal sections separated by a void;

a metal strip jomned to a surface of one of the metal
sections, the metal strip having a hole formed therein,
the hole having an undercut region;

a plastic 1interlock structure positioned at least partially in
the void;

wherein the metal strip 1s embedded 1n the plastic inter-
lock structure such that the hole, including the undercut
region, 1s lilled with plastic of the plastic interlock
structure, to thereby strengthen the joint between the
adjacently arranged metal sections of the housing; and

the plastic interlock structure physically and electrically
1solates the adjacent metal sections from one another to
form an antenna that 1s configured to transmit and/or
receive radio waves.

2. The computing device according to claim 1, wherein

the hole 1s a through hole formed 1n the metal strip that
bottoms at the surface of the metal section to which 1t
1s joined, the through hole having an undercut region
bordered by the surface.

3. The computing device according to claim 1, wherein

cach metal section of the housing comprises:

a top surface including an extension standing proud of the
top surface and positioned adjacent the void;

a bottom surface parallel to the top surface; and

an 1nterior surface connecting the top surface and the
bottom surface and positioned adjacent the void, the
interior surface including a step that defines an over-
hang region of the top surtace.

4. The computing device according to claim 3, wherein

the metal strip 1s positioned adjacent the void; and

the metal strip 1s positioned at a location selected from the
group consisting of the extension standing proud of the
first metal section, the underside of the overhang region
of the first metal section, the extension standing proud
of the second metal section, or the underside of the
overhang region of the second metal section.

5. The computing device according to claim 4, wherein

the metal strip 1s a first metal strip;

the computing device further includes a second metal
strip;

the first metal strip 1s joined to the extension standing
proud of the top surface and positioned adjacent the
void; and

the second metal strip 1s joined to the underside of the

overhang region of the top surface and positioned
adjacent the void.

6. The computing device according to claim S5, wherein

the first and second metal strips are joined to the first
metal section of the housing, and

a third metal strip and a fourth metal strip are joined to the
second metal section of the housing, wherein
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the third metal strip 1s joined to the extension standing
proud of the top surface and positioned adjacent the
void opposite the first metal strip; and

the fourth metal strip 1s joined to the underside of the

overhang region of the top surface and positioned
adjacent the void opposite the second metal strip.

7. The computing device according to claim 4, wherein

the metal strip 1s a first metal strip;

the computing device further includes a second metal

strip; and

the plastic interlock structure 1s configured to:

f1ll the void between two adjacently arranged metal
sections ol housing, including a wider area at a base
of the void formed by the overhang regions of the
first and second metal sections; and

extend beyond the void to cover at least a portion of the
extensions standing proud of the top surfaces of the
two adjacently arranged metal sections, thereby
encasing the first and second metal strips joined to
cach of the two adjacently arranged metal sections.

8. The computing device according to claim 2, wherein
the through hole 1s one of a plurality of through holes each
having a corresponding undercut region, the plurality of
through holes being arranged 1n a periodic pattern along the
metal strip.

9. The computing device according to claim 8, wherein
the undercut regions of the through holes have a shape
selected from the group consisting of funnel, dovetail, bell,
and upside down T.

10. The computing device according to claim 8, wherein
the undercut regions of the through holes are formed by
exclusion molding, etching, pressing, or rolling.

11. The computing device according to claim 1, wherein
welds are provided to join the metal strip to the housing.

12. The computing device according to claim 1, wherein
an external surface of the housing 1n a region of the joint 1s
substantially planar.

13. The computing device according to claim 1, wherein

the housing 1s formed of magnesium or a magnesium

alloy; and

the metal strip 1s formed of magnesium or a magnesium

alloy.

14. The computing device according to claim 1, wherein

the plastic interlock structure 1s injection molded on to the
metal strip, and includes plastic formed of a material
selected from the group consisting of polyetherimide,
polybutylene terephthalate, polyether ether ketone,
polycarbonate, and polyamide.

15. The computing device according to claim 1, wherein

the metal housing, metal strip, and plastic interlock struc-
ture are stacked 1n this order 1n a stack, and

a height of the stack 1s 1n a range of 0.5 mm to 2.0 mm.

16. The computing device according to claim 1, further

comprising;

a processor mounted on a circuit board within the hous-
ing; and

a memory operatively coupled to the processor.

17. A method for a computing device, the method com-

prising;:

forming a housing to have a joint including adjacently
arranged {irst and second metal sections separated by a
void;

joining a metal strip to a surface of one of the metal
sections, the metal strip having a hole formed therein
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that bottoms at the surface, the hole having an undercut
region bordered by the surface;

molding a plastic interlock structure to be positioned at
least partially 1n the void;

embedding the metal strip in the plastic interlock structure
such that the hole, including the undercut region, 1s
filled with plastic of the plastic interlock structure, to
thereby strengthen the joint between the adjacently
arranged metal sections of the housing; and

physically and electrically 1solating the adjacent metal
sections Irom one another with the plastic interlock
structure to form an antenna that i1s configured to
transmit and/or receive radio waves.

18. The method for a computing device according to

claim 17, the method further comprising;

injection molding the plastic interlock structure on to the
metal strip, and

including plastic formed of a material selected from the
group consisting of polyetherimide, polybutylene
terephthalate, polyether ether ketone, polycarbonate,
and polyamide.

19. The method for a computing device according to

claim 17, the method further comprising:

forming each section of metal housing to include:

a top surface including an extension standing proud of
the top surface and positioned adjacent the void;

a bottom surface parallel to the top surface; and

an interior surface connecting the top surface and the
bottom surface and positioned adjacent the void, the
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interior surface including a step that defines an
overhang region of the top surface; and

positioning the metal strip adjacent the void and joining
the metal strip to the housing at a location selected from
the group consisting of the extension standing proud of
the first metal section, the underside of the overhang
region of the first metal section, the extension standing
proud of the second metal section, or the underside of
the overhang region of the second metal section.

20. A computing device, comprising:

a housing having a joint including adjacently arranged
first and second metal sections separated by a void;

a 1irst metal strip formed of magnesium and joined to a
surface of one of the first metal section adjacent the
void, the first metal strip having a hole formed therein,
the hole having an undercut region;

a second metal strip formed of magnesium and joined to
a surface of the second metal section adjacent the void
opposite the first metal strip, the second metal strip
having a hole formed therein, the hole having an
undercut region; and

a plastic mterlock structure positioned at least partially 1n
the void;

wherein the first and second metal strips are embedded 1n
the plastic interlock structure such that the holes 1n the
first and second metal strips, including the undercut
regions, are filled with plastic of the plastic interlock
structure.
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