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An antenna (10) for a wireless device comprises

a flexible substrate (12), which forms a cavity structure;
one or more conductor lines (14) implemented on the
substrate (12); and one or more antenna connectors (16),
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Description
Field
[0001] Examples relate to an antenna, an antenna

module, a wireless communication module, a main board
and a computer device, more particularly, but not exclu-
sively, to an antenna concept for a wireless communica-
tion module.

Background

[0002] Some conventional systems provide wireless
communication services using wireless standards such
as Wireless Fidelity (WiFi), Bluetooth (BT), and Long
Term Evolution (LTE). In such cases wireless communi-
cation modules may be used to provide wireless services
to other components of the system and to enable data
wireless data exchange for computer devices. Typically,
such wireless communication modules comprise high
frequency components such as mixers, filters, low noise
amplifiers, power amplifiers, diplexers, duplexers, anten-
nas, antenna cables, etc.

Brief description of the Figures

[0003] Some examples of apparatuses and/or meth-
ods will be described in the following by way of example
only, and with reference to the accompanying figures, in
which

Fig. 1 shows an example of an antenna;

Fig. 2 shows a wireless communication module with
antenna cables and antennas, and a wireless com-
munication module with a printed antenna;

Fig. 3 shows an example of a mounted wireless com-
munication module;

Fig. 4 shows mounting of an M.2 socket for awireless
communication module on a motherboard;

Fig. 5 shows examples of a wireless communication
chip on a printed circuitboard, an insulator base sup-
port covering the chip and an antenna adapted to
the insulator base;

Fig. 6 further illustrates the mounting of a wireless
communication module in an example;

Fig. 7 illustrates the mounting of a wireless commu-
nication module on a main board using a single screw

in an example; and

Fig. 8 shows an example of a computing device.
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Detailed Description

[0004] Some examples are now described in more de-
tail with reference to the enclosed figures. However, other
possible examples are not limited to the features of these
embodiments described in detail. Other examples may
include modifications of the features as well as equiva-
lents and alternatives to the features. Furthermore, the
terminology used herein to describe certain examples
should not be restrictive of further possible examples.
[0005] Throughout the description of the figures same
or similar reference numerals refer to same or similar
elements and/or features, which may be identical or im-
plemented in a modified form while providing the same
or a similar function. The thickness of lines, layers and/or
areas in the figures may also be exaggerated for clarifi-
cation.

[0006] When two elements A and B are combined us-
ing an "or", this is to be understood as disclosing all pos-
sible combinations, i.e. only A, only B as well as A and
B, unless expressly defined otherwise in the individual
case. As an alternative wording for the same combina-
tions, "at least one of A and B" or "A and/or B" may be
used. This applies equivalently to combinations of more
than two elements.

[0007] If a singular form, such as "a", "an" and "the" is
used and the use of only a single element is not defined
as mandatory either explicitly or implicitly, further exam-
ples may also use several elements to implement the
same function. If a function is described below as imple-
mented using multiple elements, further examples may
implement the same function using a single element or
a single processing entity. It is further understood that
the terms "include", "including”, "comprise" and/or "com-
prising", when used, describe the presence of the spec-
ified features, integers, steps, operations, processes, el-
ements, components and/or a group thereof, but do not
exclude the presence or addition of one or more other
features, integers, steps, operations, processes, ele-
ments, components and/or a group thereof.

[0008] Fig. 1 shows an example of an antenna 10 for
a wireless device. The antenna 10 for wireless commu-
nication comprises a flexible substrate 12, which forms
acavity structure. The antenna 10 comprises one or more
conductor lines 14 implemented on the substrate 12. The
antenna 10 further comprises one or more antenna con-
nectors 16, which are coupled to the one or more con-
ductor lines 14, and which are configured to connect to
connector pads of a printed circuit board. In the example
shown in Fig. 1 the conductor lines 14 are configured to
form multiple antenna elements (one in the front and one
in the back). The first antenna element "Antenna 1" has
its ground connector in the very front with its "Antenna 1
feed" next to it. The second antenna element "Antenna
2" has its ground connector "Antenna 2 GND" behind the
gap in the substrate 12 next to the connector of "Antenna
1"and the feed of "Antenna 2" is next to "Antenna 2 GND"
further to the back.
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[0009] The substrate 12 maybe a foil or any other flex-
ible insulator material, which can serve as base substrate
for the conductor lines 14. The substrate 12 material may
be flexible to an extent that allows the antenna 10 to be
clipped on an insulator base structure or a printed circuit
board as will be laid out in more detail in the sequel.
[0010] The cavity structure enables the antenna 10 to
be clipped on, to be put over, or to cover an insulator
base, which sets or defines a distance between the an-
tenna and circuitry underneath to reduce coupling.
[0011] The antenna connectors 16 in Fig. 1 are con-
nectors, which enable an electrical connection or cou-
pling to corresponding connector pads on a printed circuit
board through a clamp- or clipped connection, e.g. just
by touching the connector pads on the printed circuit
board. Therefore, the antenna can be mounted without
the use of antenna cables.

[0012] Fig. 1 further shows an optional ground isolation
in the center of the substrate structure. As further shown
in Fig. 1 the flexible substrate 12 is configured to form a
cover structure for a wireless communication module, as
will be further detailed subsequently. In examples, there
are multiple options for antenna types formed by the con-
ductor lines 14. The conductor lines 14 can be configured
to form a planar inverted-F antenna as shown in Fig. 1.
In other examples, the conductor lines 14 may be con-
figured to form a micro strip antenna.

[0013] Wireless modules (e.g. using WiFi, BT, LTE)
are, for example, made in a M.2 (also referred to as next
generation form factor (NGFF)) or other module config-
uration. Due to a demand for a small form factor in em-
bedded products, the modules may use a variety of min-
iature antenna connectors. In conventional concepts
there may be a need for a cable to connect the external
antennas to these small miniature antenna connectors.
[0014] Fig. 2 shows a wireless communication module
with antenna cables and antennas, and a wireless com-
munication module with a printed antenna. Fig. 2 shows
an M.2 wireless module with antenna miniature connec-
tors at the top left and two antennas at the top right. In
between, antenna cables are shown, which are used to
connect the wireless module to the antennas using the
antenna cables. At the bottom, Fig. 2 shows a wireless
communication module with a printed circuitboard, which
has a printed antenna.

[0015] Theantennacableshavebeenachallenge from
multiple aspects:

1) Mechanical stability during shock and vibration,
which is a major concern for applications such as
automotive and industrial.

2) Losses associated with the cable decrease the
output power of the wireless module and therefore
the range and coverage.

3) Customer confusion and difficulty in finding the
right antenna cable, which has been one of the de-
terrents in WiFi IOT (internet of things) eco system
development. There are many differenttypes, stand-
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ards and names for the miniature antenna connector
such as U.FL, or MHF4 or IPEX.

[0016] Selectingthe rightkind of cable has been a chal-
lenge for a lot of users.

[0017] Some modules use printed antennas or inte-
grated antennas as the one shown at the bottom of Fig.
2, which may eliminate the need for cables. The antenna
used in module of Fig. 2 is a microstrip antenna that is
constructed using a microstrip transmission line on an
extension of the module PCB (printed circuit board). Such
a method of integrating an antenna as part of the module
may be limited to a single antenna due to size limitation
and space required to incorporate two antennas needed
for MIMO (multiple-input-multiple-output) configuration
with adequate performance and needed isolation. They
are also constrained to single frequency band and com-
promised performance (i.e., gain flatness, and return
loss).

[0018] Examples may use a clip-on concept, which
may eliminate the need for antenna cables while achiev-
ing adequate performance in MIMO configurations with
very stable and secure attachment to the module using
the same screw that holds the module to the mother-
board. The antennas 10 may be constructed using a rigid
plastic base as support structure and a semi-rigid or flex-
ible PCB as substrate 12 that incorporates and integrates
the antenna and antenna connectors. This antenna 10
assembly may enhance stability against any shock and
vibration. Examples may eliminate the difficulty in select-
ing the right antenna cable/connectors and provide a very
compact and stable MIMO. Examples may allow cost
savings by replacing cable and two external antennas
with one plastic base and a semi-rigid PCB antenna 10.
[0019] Fig. 3 shows an example of a mounted wireless
communication module 20. The wireless communication
module 20 comprises an antenna module with an insu-
lator base support structure 18 and an antenna 10 ac-
cording to Fig. 1. The wireless communication module
20 further comprises communication circuitry 22 on a
printed circuit board 24, which is covered by the antenna
module 10, 18. The communication circuitry 22 may com-
prise a chip or a semiconductor device with an imple-
mentation of a wireless modem for a respective commu-
nication standard, e.g. WiFi, BT, LTE, etc. For example,
the communication circuitry 22 is configured for wireless
communication according to IEEE (Institute of Electrical
and Electronics Engineers) 802.11.

[0020] As canbe seen from Fig. 3 the antenna module,
the insulator support structure 18 and the antenna 10, is
clipped on the printed circuit board 24, covering the com-
munication circuitry 22. The communication circuitry 22
resides in or under the cavity structure formed by the
antenna 10 and the support structure 18.

[0021] The printed circuit board 24 comprises antenna
connector pads 25 and the one or more antenna connec-
tors 16 of the antenna 10 are directly connected (without
cables or intermediate components) to the antenna con-
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nector pads 25.

[0022] Examples may use one or more PIFA (Planar
Inverted-F Antenna) type antennas manufactured on a
flexible or semi-rigid PCB 12 (e.g. a foil carrier) and at-
tached to an insulator-based support 18. For example, a
PIFAtype antenna may be favorized as it can fitin smaller
size with improved performance in terms of efficiency,
gain and better SAR (specific absorption rate), however,
in the future microstrip type antennas could also be a
viable solution. In examples, the wireless communication
module 20 may be configured as a M.2 module.

[0023] An example of a complete antenna configura-
tion attached to a wireless M.2 module conceptis shown
in Fig. 3. As further illustrated by Fig. 3 the antenna mod-
ule 10, 18 and the printed circuit board 24 comprise a
common attachment or mounting option. The common
attachment or mounting option is implemented as a com-
mon recess for a screw.

Fig. 4 shows mounting of an M.2 socket for awireless
communication module on a motherboard 26 in an
example. Fig. 4 illustrates an M.2 socket 28 mounted
on the motherboard 26.

Ascrew 30is used to secure the module and antenna
assembly. A screw nut 32 is mounted on the moth-
erboard 26. Another example is a main board or
motherboard 26 for a computer comprising the wire-
less communication module 20. For example, the
wireless communication module 20 is attached to
the main board 26 with an M.2 socket 28 and one
additional screw 30.

Fig. 5 shows examples of a wireless communication
chip 22 on a printed circuit board 24, an insulator
base support 18, which is configured to cover the
chip 22 and an antenna 10 adapted to the insulator
base 18. In Fig. 5 the respective components are
shown separately to illustrate the mounting process.
The chip 22 on the PCB 24 is covered with the insu-
lator base 18. The insulator base 18 ensures the
antenna 10, which gets mounted on top of the insu-
lator base 18, has a certain distance from the chip
22 to avoid strong electromagnetic coupling with the
chip 22. Fig. 6 further illustrate the mounting of a
wireless communication module 20 in an example.
Fig. 7 illustrates the mounting of a wireless commu-
nication module 20 on a main board using a single
screw in an example.

Fig. 5 shows the components 10, 18, 22, 24 of an
example of the entire system separately and its as-
sembly process is shown in Figs. 6 and 7. The M.2
socket 28 and screw nut 32

(Fig. 4) are mounted on the mother board 26 as shown
in Fig. 4. Fig. 4 also shows the screw 30 used to hold the
module and antenna assembly securely to the mother-
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board 26 as well as providing an additional GND path for
isolation. Fig. 5 shows at the top an example of a WiFi/BT
M.2 module 22, 24 with a shield and label and two an-
tenna connectors 25. Antennainsulator base 18 is shown
in Fig. 5in the middle and aflexible semi-rigid PCB where
the multi-band PIFA antenna 10 is designed is shown in
Fig. 5 at the bottom.

[0024] The antenna and module assembly are shown
in Figs. 6 and 7. Once the M.2 module 20 is inserted into
the socket 28 and secured the antenna assembly starts
(Fig. 6 at the top). The antenna assembly begins with
putting the insulator base 18 on the module (Fig. 6 at the
bottom) and next wrapping and attaching the flexible
semi-rigid antenna 10 on top of the insulator base 18
(Fig. 7). Finally, the screw 30 will secure the M.2 module
20 and antenna assembly to a motherboard (Fig. 7). For
example, the mounting of the antenna 10 (Fig. 1) onto
the insulator base 18 may be done at an antenna man-
ufacturing site and an end user just puts the whole an-
tenna system 10, 18 (e.g. components 10 and 18 of Fig.
5 are attached together in one piece) on the module 22,
24 and clip-on the antenna connectors 25 and screws
the entire module 20 onto the mother board 26.

[0025] Fig. 8illustrates an example of a computing de-
vice 700 in accordance with one implementation of the
invention. The computing device 700 houses a board
702, 26. The board 702 may include a number of com-
ponents, including but not limited to a processor 704 and
at least one communication chip 706, 20. The processor
704 is physically and electrically coupled to the board
702. In some implementations the at least one commu-
nication chip 706, 20 is also physically and electrically
coupled to the board 702, 26. As outlined above, com-
munication chip 706 may be comprised in a wireless com-
munication module 20, which mounted onto a mother-
board 26 using an M.2 socket and a screw. Depending
on its applications, computing device 700 may include
other components that may or may not be physically and
electrically coupled to the board 702. These other com-
ponents include, but are not limited to, volatile memory
(e.g., DRAM), non-volatile memory (e.g., ROM), flash
memory, a graphics processor, a digital signal processor,
a crypto processor, a chipset, an antenna, a display, a
touchscreen display, a touchscreen controller, a battery,
an audio codec, a video codec, a power amplifier, aglobal
positioning system (GPS) device, a compass, an accel-
erometer, a gyroscope, a speaker, a camera, and a mass
storage device (such as hard disk drive, compact disk
(CD), digital versatile disk (DVD), and so forth).

[0026] The communication chip 706, 20 enables wire-
less communications for the transfer of data to and from
the computing device 700. The term "wireless" and its
derivatives may be used to describe circuits, devices,
systems, methods, techniques, communications chan-
nels, etc., that may communicate data through the use
of modulated electromagnetic radiation through a non-
solid medium. The term does not imply that the associ-
ated devices do not contain any wires, although in some
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embodiments they might not. The communication chip
706, 20 may implement any of a number of wireless
standards or protocols, including but not limited to Wi-Fi
(IEEE 802.11 family), WiMAX (IEEE 802.16 family), IEEE
802.20, long term evolution (LTE), Ev-DO, HSPA+, HSD-
PA+, HSUPA+, EDGE, GSM, GPRS, CDMA, TDMA,
DECT, Bluetooth, derivatives thereof, as well as any oth-
er wireless protocols that are designated as 3G, 4G, 5G,
and beyond. The computing device 700 may include a
plurality of communication chips 706. For instance, a first
communication chip 706 may be dedicated to shorter
range wireless communications such as Wi-Fi and Blue-
tooth and a second communication chip 706 may be ded-
icated to longer range wireless communications such as
GPS, EDGE, GPRS, CDMA, WIMAX, LTE, Ev-DO, and
others.

[0027] The processor 704 of the computing device 700
includes an integrated circuit die packaged within the
processor 704. In some implementations of the invention,
the integrated circuit die of the processor includes one
or more devices that are assembled in an ePLB oreWLB
based POP package that that includes a mold layer di-
rectly contacting a substrate, in accordance with imple-
mentations of the invention. The term "processor" may
refer to any device or portion of a device that processes
electronic data from registers and/or memory to trans-
form that electronic data into other electronic data that
may be stored in registers and/or memory. The commu-
nication chip 706 also includes an integrated circuit die
packaged within the communication chip 706. In accord-
ance with another implementation of the invention, the
integrated circuit die of the communication chip includes
one or more devices that are assembled in an ePLB or
eWLB based POP package that thatincludes a mold layer
directly contacting a substrate, in accordance with imple-
mentations of the invention.

[0028] The aspects and features described in relation
to a particular one of the previous examples may also be
combined with one or more of the further examples to
replace an identical or similar feature of that further ex-
ample or to additionally introduce the features into the
further example.

[0029] Examples may further be or relate to a (compu-
ter) program including a program code to execute one or
more of the above methods when the program is execut-
ed on a computer, processor or other programmable
hardware component. Thus, steps, operations or proc-
esses of different ones of the methods described above
may also be executed by programmed computers, proc-
essors or other programmable hardware components.
Examples may also cover program storage devices, such
as digital data storage media, which are machine-, proc-
essor- or computer-readable and encode and/or contain
machine-executable, processor-executable or compu-
ter-executable programs and instructions. Program stor-
age devices may include or be digital storage devices,
magnetic storage media such as magnetic disks and
magnetic tapes, hard disk drives, or optically readable
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digital data storage media, for example. Other examples
may also include computers, processors, control units,
(field) programmable logic arrays ((F)PLAs), (field) pro-
grammable gate arrays ((F)PGAs), graphics processor
units (GPU), application-specific integrated circuits
(ASICs), integrated circuits (ICs) or system-on-a-chip
(SoCs) systems programmed to execute the steps of the
methods described above.

[0030] It is further understood that the disclosure of
several steps, processes, operations or functions dis-
closed in the description or claims shall not be construed
to imply that these operations are necessarily dependent
on the order described, unless explicitly stated in the in-
dividual case or necessary for technical reasons. There-
fore, the previous description does not limit the execution
of several steps or functions to a certain order. Further-
more, in further examples, a single step, function, proc-
ess or operation may include and/or be broken up into
several sub-steps, -functions, -processes or -operations.
[0031] Ifsome aspects have been described in relation
to a device or system, these aspects should also be un-
derstood as a description of the corresponding method.
For example, a block, device or functional aspect of the
device or system may correspond to a feature, such as
a method step, of the corresponding method. According-
ly, aspects described in relation to a method shall also
be understood as a description of a corresponding block,
a corresponding element, a property or a functional fea-
ture of a corresponding device or a corresponding sys-
tem.

[0032] An example (e.g., example 1) relates to an an-
tenna (10) for a wireless device, the antenna (10) com-
prising a flexible substrate (12), which forms a cavity
structure; one or more conductor lines (14) implemented
on the substrate (12); and one or more antenna connec-
tors (16), which are coupled to the one or more conductor
lines (14), and which are configured to connect to con-
nector pads (25) of a printed circuit board (24).

[0033] Another example (e.g., example 2) relates to
the antenna (10) as previously described, wherein the
flexible substrate (12) is configured to form a cover struc-
ture for a wireless communication module (20).

[0034] Another example (e.g., example 3) relates to
the antenna (10) as previously described, wherein the
conductor lines (14) are configured to form multiple an-
tenna elements.

[0035] Another example (e.g., example 4) relates to
the antenna (10) as previously described, wherein the
conductor lines (14) are configured to form a planar in-
verted-F antenna.

[0036] Another example (e.g., example 5) relates to
the antenna (10) as previously described, wherein the
conductor lines (14) are configured to form a micro strip
antenna.

[0037] Another example (e.g., example 6) relates to
antenna module, comprising an insulator base support
structure (18) and an antenna (10) as previously de-
scribed.
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[0038] Anotherexample (e.g., example 7)is a wireless
communication module (20) comprising the antenna
module as previously described.

[0039] Another example (e.g., example 8) is the wire-
less communication module (20) as previously de-
scribed, further comprising communication circuitry (22)
on a printed circuit board (24), which is covered by the
antenna module.

[0040] Another example (e.g., example 9) is the wire-
less communication module (20) as previously de-
scribed, wherein the antenna module is clipped on the
printed circuit board (24).

[0041] Anotherexample (e.g., example 10)is the wire-
less communication module (20) as previously de-
scribed, wherein the printed circuit board (24) comprises
antenna connector pads (25) and wherein the one or
more antenna connectors (16) of the antenna (10) are
directly connected to the antenna connector pads (25.
[0042] Anotherexample (e.g., example 11)is the wire-
less communication module (20) as previously de-
scribed, wherein the antenna module and the printed cir-
cuit board (24) comprise a common attachment option.
[0043] Anotherexample (e.g., example 12)is the wire-
less communication module (20) as previously de-
scribed, wherein the communication circuitry (22) is con-
figured for wireless communication according to IEEE
802.11.

[0044] Anotherexample (e.g., example 13)is the wire-
less communication module (20) as previously de-
scribed, being configured as a M.2 module.

[0045] Another example (e.g., example 14) is a main
board (26) for a computer comprising the wireless com-
munication module (20) as previously described.
[0046] Anotherexample (e.g., example 15)is the main
board (26) as previously described, wherein the wireless
communication module (20)is attached to the main board
(26) with an M.2 socket and one additional screw.
[0047] Another example (e.g., example 16) is a com-
puter device or system with a main board as previously
described.

[0048] Another example (e.g., example 17) is a man-
ufacturing method comprising mounting an antenna (10)
as previously described on an insulator base support
structure (18) to obtain an antenna module; mounting the
antenna module onto a PCB (24) with a communication
circuitry (22) to obtain a wireless communication module
(20).

[0049] Anotherexample (e.g., example 18)is the man-
ufacturing method as previously described further com-
prising mounting the wireless communication module
(20) onto a main- or mother board (26) of a computer
device or system.

[0050] The following claims are hereby incorporated in
the detailed description, wherein each claim may stand
onits own as a separate example. It should also be noted
that although in the claims a dependent claim refers to a
particular combination with one or more other claims, oth-
er examples may also include a combination of the de-
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pendent claim with the subject matter of any other de-
pendent or independent claim. Such combinations are
hereby explicitly proposed, unless it is stated in the indi-
vidual case that a particular combination is not intended.
Furthermore, features of a claim should also be included
for any other independent claim, even if that claim is not
directly defined as dependent on that other independent
claim.

Claims

1. An antenna (10) for a wireless device, the antenna
(10) comprising a flexible substrate (12), which forms
a cavity structure;
one or more conductor lines (14) implemented on
the substrate (12);
one or more antenna connectors (16), which are cou-
pled to the one or more conductor lines (14), and
which are configured to connect to connector pads
(25) of a printed circuit board (24).

2. Theantenna(10)ofclaim 1, wherein the flexible sub-
strate (12) is configured to form a cover structure for
a wireless communication module (20).

3. Theantenna (10) of one of the claims 1 or 2, wherein
the conductor lines (14) are configured to form mul-
tiple antenna elements.

4. Theantenna (10) of one of the claims 1 to 3, wherein
the conductor lines (14) are configured to form a pla-
nar inverted-F antenna.

5. Theantenna (10) of one of the claims 1 to 3, wherein
the conductor lines (14) are configured to form a mi-
cro strip antenna.

6. An antenna module, comprising an insulator base
supportstructure (18) and an antenna (10) according
to any one of claims 1 to 5.

7. A wireless communication module (20) comprising
the antenna module of claim 6.

8. The wireless communication module (20) of claim 7,
further comprising communication circuitry (22) on
a printed circuit board (24), which is covered by the
antenna module.

9. The wireless communication module (20) of claim 8,
wherein the antenna module is clipped on the printed
circuit board (24).

10. The wireless communication module (20) of one of
the claims 8 or 9, wherein the printed circuit board
(24) comprises antenna connector pads (25) and
wherein the one or more antenna connectors (16) of
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the antenna (10) are directly connected to the an-
tenna connector pads (25.

The wireless communication module (20) of one of
the claims 8 to 10, wherein the antenna module and
the printed circuit board (24) comprise a common
attachment option.

The wireless communication module (20) of one of
the claims 8 to 11, wherein the communication cir-
cuitry (22) is configured for wireless communication
according to IEEE 802.11.

The wireless communication module (20) of one of
the claims 8 to 12, being configured as a M.2 module.

A main board (26) for a computer comprising the
wireless communication module (20) of one of the
claims 8 to 13.

The mainboard (26) of claim 15, wherein the wireless
communication module (20) is attached to the main
board (26) with an M.2 socket and one additional
screw.
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