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Description

[0001] This application claims priority to United States
provisional patent application No. 61/019,218, filed Jan-
uary 4, 2008, and United States patent application No.
12/142,744, filed June 19, 2008.

Background

[0002] This invention relates to antennas, and more
particularly, to antenna structures and antennas for elec-
tronic devices.
[0003] Many modem electronic devices use antennas.
For example, portable electronic devices are often pro-
vided with wireless communications capabilities. Porta-
ble electronic devices may use wireless communications
to communicate with wireless base stations. As an ex-
ample, cellular telephones may communicate using cel-
lular telephone bands at 850 MHz, 900 MHz, 1800 MHz,
and 1900 MHz (e.g., the main Global System for Mobile
Communications or GSM cellular telephone bands).
Portable electronic devices may also use other types of
communications links. For example, portable electronic
devices may communicate using the Wi-Fi® (IEEE
802.11) bands at 2.4 GHz and 5.0 GHz and the Blue-
tooth® band at 2.4 GHz. Communications are also pos-
sible in data service bands such as the 3G data commu-
nications band at 2100 MHz band (commonly referred to
as UMTS or Universal Mobile Telecommunications Sys-
tem).
[0004] To satisfy consumer demand for portable wire-
less devices, manufacturers are continually striving to
reduce the size of components that are used in these
devices. For example, manufacturers have made at-
tempts to miniaturize the antennas used in portable elec-
tronic devices.
[0005] A typical antenna may be fabricated by pattern-
ing a metal layer on a circuit board substrate or may be
formed from a sheet of thin metal using a foil stamping
process. These techniques can be used to produce an-
tennas that fit within the tight confines of a portable de-
vice. With conventional portable electronic devices, how-
ever, design compromises are made to accommodate
compact antennas. These design compromises may in-
clude, for example, compromises related to antenna ef-
ficiency and antenna bandwidth.
[0006] US 2001/0040529 A1 shows the implementa-
tion of an antenna which is received within a hinge of a
portable computer.
[0007] It would therefore be desirable to be able to pro-
vide improved antenna structures for electronic devices
such as portable electronic devices.

Summary

[0008] Wireless communications structures for com-
puters or other electronic devices are provided. The wire-
less communications structures may include antennas

and antenna support structures for antennas. The inven-
tion is defined by the independent claim. Optional fea-
tures are set out in the dependent claims. Features of
the invention, its nature and various advantages will be
more apparent from the accompanying drawings and the
following detailed description of the preferred embodi-
ments.

Brief Description of the Drawings

[0009]

FIG. 1 is a perspective view of an illustrative elec-
tronic device such as a portable electronic device in
accordance with an embodiment of the present in-
vention.
FIG. 2 is a schematic diagram of an illustrative elec-
tronic device in accordance with an embodiment of
the present invention.
FIG. 3 is a diagram of illustrative antennas and radio-
frequency transceiver circuitry in accordance with an
embodiment of the present invention.
FIG. 4 is a perspective view of an illustrative set of
antenna resonating elements supported by an an-
tenna carrier in accordance with an embodiment of
the present invention.
FIG. 5 is a schematic top view of an illustrative an-
tenna in accordance with an embodiment of the
present invention.
FIGS. 6-8 are illustrative patterns that may be used
for antenna resonating elements in accordance with
an embodiment of the present invention.
FIG. 9 is a perspective view of an antenna structure
and an underside portion of a top of a base housing
in accordance with an embodiment of the present
invention.
FIG. 10 is a cross-sectional side view of an antenna
carrier and associated antenna resonating element
mounted on the antenna carrier in accordance with
an embodiment of the present invention.
FIG. 11 is a cross-sectional side view of an antenna
showing how a coaxial cable may be used to feed
the antenna in accordance with an embodiment of
the present invention.
FIG. 12 is an exploded perspective view of a portion
of an antenna resonating element formed on an an-
tenna carrier and an associated grounding clip that
may be used to electrically connect a ground con-
ductor of a transmission line such as a coaxial cable
to the base of the antenna resonating element in
accordance with an embodiment of the present in-
vention.
FIG. 13 is a cross-sectional side view of an illustrative
portion of an antenna showing how the antenna res-
onating element of the antenna may protrude above
a plane defined by an upper surface of a base portion
of a portable computer or other electronic device in
accordance with an embodiment of the present in-
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vention.

Detailed Description

[0010] The present invention relates generally to elec-
tronic devices, and more particularly, to antennas for
wireless electronic devices.
[0011] The wireless electronic devices may be any
suitable electronic devices. As an example, the wireless
electronic devices may be desktop computers or other
computer equipment. The wireless electronic devices
may also be portable electronic devices such as laptop
computers, tablet computers, or small portable comput-
ers of the type that are sometimes referred to as ultrap-
ortables. Portable electronic devices may also be some-
what smaller devices. Examples of smaller portable elec-
tronic devices include wrist-watch devices, pendant de-
vices, headphone and earpiece devices, and other wear-
able and miniature devices. With one suitable arrange-
ment, the portable electronic devices may be handheld
electronic devices.
[0012] Examples of portable and handheld electronic
devices include cellular telephones, media players with
wireless communications capabilities, handheld comput-
ers (also sometimes called personal digital assistants),
remote controls, global positioning system (GPS) devic-
es, and handheld gaming devices. The devices may also
be hybrid devices that combine the functionality of mul-
tiple conventional devices. Examples of hybrid devices
include a cellular telephone that includes media player
functionality, a gaming device that includes a wireless
communications capability, a cellular telephone that in-
cludes game and email functions, and a handheld device
that receives email, supports mobile telephone calls, has
music player functionality and supports web browsing.
These are merely illustrative examples.
[0013] An illustrative electronic device such as a port-
able electronic device in accordance with an embodiment
of the present invention is shown in FIG. 1. Device 10
may be any suitable electronic device. As an example,
device 10 may be a portable computer.
[0014] Device 10 may handle communications over
one or more communications bands. For example, wire-
less communications circuitry in device 10 may be used
to handle cellular telephone communications in one or
more frequency bands and data communications in one
or more communications bands. Typical data communi-
cations bands that may be handled by the wireless com-
munications circuitry in device 10 include the 2.4 GHz
band that is sometimes used for Wi-Fi® (IEEE 802.11)
and Bluetooth® communications, the 5.0 GHz band that
is sometimes used for Wi-Fi communications, the 1575
MHz Global Positioning System band, and 3G data
bands (e.g., the UMTS band at 1920-2170). These bands
may be covered by using single-band and multiband an-
tennas. For example, cellular telephone communications
can be handled using a multiband cellular telephone an-
tenna and local area network data communications can

be handled using a multiband wireless local area network
antenna. As another example, device 10 may have a
single multiband antenna for handling communications
in two or more data bands (e.g., at 2.4 GHz and at 5.0
GHz). Two or more multiband antennas of this type may
be used in an antenna diversity arrangement. Antenna
arrangements with three or more antennas may also be
used. For example, device 10 may have two dual-band
Wi-Fi antennas and a Bluetooth antenna (as an exam-
ple).
[0015] Device 10 may have housing 12. Housing 12,
which is sometimes referred to as a case, may be formed
of any suitable materials including plastic, glass, ceram-
ics, metal, other suitable materials, or a combination of
these materials. In some situations, portions of housing
12 may be formed from a dielectric or other low-conduc-
tivity material, so as not to disturb the operation of con-
ductive antenna elements that are located in proximity
to housing 12.
[0016] In general, however, housing 12 will be partly
or entirely formed from conductive materials such as met-
al. An illustrative metal housing material that may be used
is anodized aluminum. Aluminum is relatively light in
weight and, when anodized, has an attractive insulating
and scratch-resistant surface. If desired, other metals
can be used for the housing of device 10, such as stain-
less steel, magnesium, titanium, alloys of these metals
and other metals, etc. In scenarios in which housing 12
is formed from conductive elements, one or more of the
conductive elements may be used as part of the antenna
in device 10. For example, metal portions of housing 12
and metal components in housing 12 may be shorted
together to form a ground plane in device 10 or to expand
a ground plane structure that is formed from a planar
circuit structure such as a printed circuit board structure
(e.g., a printed circuit board structure used in forming
antenna structures for device 10).
[0017] As shown in FIG. 1, housing 12 may have a
base portion 12E that is formed from two housing portions
12A and 12B. Portion 12A may sometimes be referred
to as a top case. Portion 12B may sometimes be referred
to as a bottom case. If desired, internal frames may be
mounted within housing 12 (e.g., within base portion 12E
of housing 12). These internal frames may be used for
mounting electronic components such as a battery, print-
ed circuit boards containing integrated circuits and other
electrical devices, etc. If desired, printed circuit boards
(e.g., a motherboard and other printed circuit boards) and
other components may be mounted directly to housing
12. For example, a motherboard may be attached to top
case 12A using screws or other fasteners. Upper portion
12C of housing 12 may include a frame 12D that is used
to connect a liquid crystal diode (LCD) display 16 or other
suitable display into the upper lid (housing) of device 10.
Portion 12C may be referred to as the display of device
10 or may be referred to a display housing, a display
housing portion, etc.
[0018] Display housing portion 12C may be attached
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to housing base 12E (i.e., the portion of housing 12 that
is formed from top case 12A and bottom case 12B) using
hinges such as hinges 24.
[0019] Housing portion 25 may be located at the rear
edge of base 12E between base 12E and display housing
12C. Hinges 24 and housing portion 25 of housing base
12E may have longitudinal axes that are aligned along
longitudinal axis 28.
[0020] Device 10 may have one or more buttons such
as buttons 14. Buttons 14 may be formed on any suitable
surface of device 10. In the example of FIG. 1, buttons
14 have been formed on the top surface of device 10.
Buttons 14 may form a keyboard on a laptop computer
(as an example).
[0021] Display 16 may be a liquid crystal diode (LCD)
display, an organic light emitting diode (OLED) display,
a plasma display, or any other suitable display. The out-
ermost surface of display 16 may be formed from one or
more plastic or glass layers. If desired, touch screen func-
tionality may be integrated into display 16. Device 10 may
also have a separate touch pad device such as touch
pad 26. An advantage of integrating a touch screen into
display 16 to make display 16 touch sensitive is that this
type of arrangement can save space and reduce visual
clutter. Buttons 14 may, if desired, be arranged adjacent
to display 16. With this type of arrangement, the buttons
may be aligned with on-screen options that are presented
on display 16. A user may press a desired button to select
a corresponding one of the displayed options.
[0022] Device 10 may have circuitry 18. Circuitry 18
may include storage, processing circuitry, and input-out-
put components. Wireless transceiver circuitry in circuitry
18 may be used to transmit and receive radio-frequency
(RF) signals. Transmission lines such as coaxial trans-
mission lines and microstrip transmission lines may be
used to convey radio-frequency signals between trans-
ceiver circuitry and antenna structures in device 10. As
shown in FIG. 1, for example, one or more transmission
line such as transmission line 22 may be used to convey
signals between antenna structure 20 and circuitry 18.
Transmission line 22 may be, for example, a coaxial cable
that is connected between an RF transceiver (sometimes
called a radio) and an antenna. Antenna structures such
as antenna structure 20 may be located within housing
portion 25 at the rear edge of housing base 12E (i.e., at
the juncture between display housing portion 12C and
housing base 12E) or may be located in other suitable
locations.
[0023] A schematic diagram of an embodiment of an
illustrative electronic device such as a portable electronic
device is shown in FIG. 2. Device 10 may be a desktop
computer, a notebook computer, a mobile telephone, a
mobile telephone with media player capabilities, a hand-
held computer, a remote control, a game player, a global
positioning system (GPS) device, a combination of such
devices, or any other wireless device such as a portable
or handheld electronic device.
[0024] As shown in FIG. 2, device 10 may include stor-

age 34. Storage 34 may include one or more different
types of storage such as hard disk drive storage, nonvol-
atile memory (e.g., flash memory or other electrically-
programmable-read-only memory), volatile memory
(e.g., battery-based static or dynamic random-access-
memory), etc.
[0025] Processing circuitry 36 may be used to control
the operation of device 10. Processing circuitry 36 may
be based on a processor such as a microprocessor and
other suitable integrated circuits. With one suitable ar-
rangement, processing circuitry 36 and storage 34 may
be used to run software on device 10, such as internet
browsing applications, voice-over-internet-protocol
(VOIP) telephone call applications, email applications,
media playback applications, operating system func-
tions, etc. Processing circuitry 36 and storage 34 may be
used in implementing suitable communications proto-
cols. Communications protocols that may be implement-
ed using processing circuitry 36 and storage 34 include
internet protocols, wireless local area network protocols
(e.g., IEEE 802.11 protocolssometimes referred to as Wi-
Fi®), protocols for other short-range wireless communi-
cations links such as the Bluetooth® protocol, protocols
for handling 3G data services such as UMTS, cellular
telephone communications protocols, etc.
[0026] Input-output devices 38 may be used to allow
data to be supplied to device 10 and to allow data to be
provided from device 10 to external devices. Display
screen 16, keys 14, and touchpad 26 of FIG. 1 are ex-
amples of input-output devices 38.
[0027] Input-output devices 38 may include user input-
output devices 40 such as buttons, touch screens, joy-
sticks, click wheels, scrolling wheels, touch pads, key
pads, keyboards, microphones, cameras, speakers, tone
generators, vibrating elements, etc. A user can control
the operation of device 10 by supplying commands
through user input devices 40.
[0028] Display and audio devices 42 may include liq-
uid-crystal display (LCD) screens or other screens, light-
emitting diodes (LEDs), and other components that
present visual information and status data. Display and
audio devices 42 may also include audio equipment such
as speakers and other devices for creating sound. Dis-
play and audio devices 42 may contain audio-video in-
terface equipment such as jacks and other connectors
for external headphones and monitors.
[0029] Wireless communications devices 44 may in-
clude communications circuitry such as radio-frequency
(RF) transceiver circuitry formed from one or more inte-
grated circuits, power amplifier circuitry, passive RF com-
ponents, one or more antennas (e.g., antenna structures
such as antenna structure 20 of FIG. 1), and other cir-
cuitry for handling RF wireless signals. Wireless signals
can also be sent using light (e.g., using infrared commu-
nications).
[0030] Device 10 can communicate with external de-
vices such as accessories 46 and computing equipment
48, as shown by paths 50. Paths 50 may include wired
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and wireless paths. Accessories 46 may include head-
phones (e.g., a wireless cellular headset or audio head-
phones) and audio-video equipment (e.g., wireless
speakers, a game controller, or other equipment that re-
ceives and plays audio and video content).
[0031] Computing equipment 48 may be any suitable
computer. With one suitable arrangement, computing
equipment 48 is a computer that has an associated wire-
less access point or an internal or external wireless card
that establishes a wireless connection with device 10.
The computer may be a server (e.g., an internet server),
a local area network computer with or without internet
access, a user’s own personal computer, a peer device
(e.g., another portable electronic device 10), or any other
suitable computing equipment.
[0032] The antenna structures and wireless communi-
cations devices of device 10 may support communica-
tions over any suitable wireless communications bands.
For example, wireless communications devices 44 may
be used to cover communications frequency bands such
as the cellular telephone bands at 850 MHz, 900 MHz,
1800 MHz, and 1900 MHz, data service bands such as
the 3G data communications band at 2100 MHz band
(commonly referred to as UMTS or Universal Mobile Tel-
ecommunications System), Wi-Fi® (IEEE 802.11) bands
(also sometimes referred to as wireless local area net-
work or WLAN bands), the Bluetooth® band at 2.4 GHz,
and the global positioning system (GPS) band at 1575
MHz. Wi-Fi bands that may be supported include the 2.4
GHz band and the 5.0 GHz bands. The 2.4 GHz Wi-Fi
band extends from 2.412 to 2.484 GHz. Commonly-used
channels in the 5.0 GHz Wi-Fi band extend from
5.15-5.85 GHz. Device 10 can cover these communica-
tions bands and/or other suitable communications bands
with proper configuration of the antenna structures in
wireless communications circuitry 44.
[0033] Antenna structures such as antenna structure
20 of FIG. 1 may be located at any suitable location in
device 10. In configurations in which device 10 has con-
ductive portions (e.g., conductive sidewalls), it may be
advantageous to located antenna structure 20 at a posi-
tion in which antenna structure 20 is not shielded by con-
ductors. This allows the antennas of device 10 to operate
freely without being blocked by the conductive portions
of device 10.
[0034] With one particularly suitable arrangement,
which is described herein as an example, antenna struc-
ture 20 is located in housing portion 25 of housing base
12E. The remainder of housing base 12E may be formed
from top case 12A and bottom case 12B. Top case 12A
and bottom case 12B may be formed from aluminum or
other conductive materials. If antenna structures 20 were
located within such conductive structures, proper anten-
na operation would be disrupted due to the electromag-
netic shielding effects of the conductive sidewalls of base
12E.
[0035] With an arrangement of the type shown in FIG.
1 in which housing portion 25 is located between base

12E and display housing portion 12C, housing portion 25
may be formed from a dielectric. Typical dielectrics in-
clude glass, ceramic, rubber, and plastic. These are
merely illustrative housing materials for housing portion
25. Any suitable materials may be used for housing por-
tion 25 if desired.
[0036] By locating antenna structure 20 within a die-
lectric housing portion such as portion 25, the antenna
resonating elements of device 10 are located at a suffi-
cient distance from the metals and other conductive ma-
terials of housing base 12E and display housing portion
12D to ensure that the antennas in device 10 function
properly. An advantage of locating antenna structure 20
and dielectric housing portion 25 on a portion of base
housing 12E is that this helps to minimize the length of
the transmission lines that are used to convey signals
between radio-frequency transceiver circuitry (e.g., cir-
cuitry 18 of FIG. 1) and antenna structure 20, thereby
helping to reduce signal losses. Arrangements of the type
shown in FIG. 1 also help to avoid the need to pass radio-
frequency transmission lines through a hinged portion of
device 10 where they would be subject to twisting move-
ment and possible mechanical failure.
[0037] FIG. 3 shows a top view of an illustrative anten-
na structure 20 and portions of an associated device 10.
As shown in FIG. 3, wireless communications devices
44 may include three antennas, each of which is formed
from a respective antenna resonating element such as
one of antenna resonating elements 56 and a common
ground plane such as ground plane 54. Ground plane 54
may be formed from conductive structures associated
with base 12E (i.e., top case 12A and the conductive
structures mounted to and electrically connected to top
case 12A). Antenna resonating elements 56 may be
mounted on support structure 64 and may be formed
from any suitable structures such as substantially planar
conductive patterns of the type that are sometimes re-
ferred to as planar inverted-F antenna resonating ele-
ments or inverted-F antenna resonating elements.
[0038] As shown in FIG. 3, each antenna may be fed
using a positive signal conductor (center conductor) 65
in a respective transmission line 62 that is connected to
a respective positive antenna terminal 58 and a ground
signal conductor in that transmission line 62 that is con-
nected to a respective ground antenna terminal 60. If
desired, matching networks may be used at the antenna
feeds to help match the impedance of transmission lines
paths 62 to the impedance of each antenna, to match a
balanced transmission line to an unbalanced antenna,
to match an unbalanced transmission line to a balanced
antenna, etc. Tuning components may also be connected
to the antennas (e.g., to portions of antenna resonating
elements 58) to help tune the performance of the anten-
nas. In the configuration of FIG. 3 in which antenna res-
onating elements are used with ground plane 54 to form
inverted-F antennas that are fed using terminals 58 and
60, the antennas that are formed function as shunt-fed
monopole antennas.
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[0039] Radio-frequency transceiver circuitry 52 may
include switches or passive signal combiners and divid-
ers that allow one or more radio-frequency transmitters
and receivers (sometimes referred to as radios) to be
coupled to the antennas formed from antenna resonating
elements 56. In the example of FIG. 3, there are three
transmission lines 62 connected to radio-frequency
transceiver circuitry 52 and three associated antennas
in devices 44 each of which is formed from a respective
antenna resonating element 56 and common ground
plane 54. Antenna structure 20 of FIG. 3 may be formed
in housing portion 25. Ground plane 54 may be formed
from housing base 12E (e.g., housing portion 12A and/or
12B). In general, there may be any suitable number of
antennas (one or more) in housing portion 25. The ex-
ample of FIG. 3 is merely illustrative.
[0040] In the illustrative configuration of FIG. 3, the left-
most antenna and the rightmost antenna may be used
to handle Wi-Fi signals (e.g., in the 2.4 GHz and 5.0 GHz
bands). These two antennas may be used to implement
an antenna diversity scheme. The center antenna of FIG.
3 may be used to handle Bluetooth® signals at 2.4 GHz
or may be used to handle Wi-Fi communications at 2.4
GHz or 5.0 GHz (e.g., in a diversity scheme working in
conjunction with the leftmost and rightmost antennas).
In these illustrative arrangements, the antennas are
multiband antennas or (in the case of a single-band Blue-
tooth antenna) a single band antenna. If desired, the an-
tennas of antenna structure 20 may all be single band
antennas, may all be multi-band antennas, or may in-
clude both single-band and multi-band antennas.
[0041] Antenna resonating elements 56 may be
mounted on any suitable mounting structure. With one
suitable arrangement, which is sometimes described
herein as an example, antenna resonating elements 56
are formed from conductive traces on a dielectric support
structure. As shown in FIG. 4, for example, antenna res-
onating elements 56 may be formed on a dielectric sup-
port structure such as dielectric support structure 64. The
dielectric material of structure 64 may be a plastic. The
dielectric support structure on which the antenna reso-
nating elements are formed is sometimes referred to as
an antenna carrier. A dielectric support structure such as
structure 64 may be formed from one or more individual
dielectric members. For ease of handing and to reduce
complexity, it may be advantageous to use a single sup-
port member in forming support structure 64.
[0042] Support structure 64 may have a longitudinal
axis that is aligned with longitudinal axis 28. In device
10, support structure 64 and resonating elements 56 may
be mounted within housing portion 25 (FIG. 1). When
mounted within device 10, edge 68 of support 64 may be
aligned with the outermost edge of device 10, whereas
edge 66 of support 64 and resonating elements 56 may
be connected to ground plane 54 (e.g., a housing portion
such as base 12E or, in particular, top case 12A). Screws
or other suitable fasteners may be used to connect an-
tenna resonating elements 56 to the ground plane (e.g.,

to the conductive housing). Antenna support structure 64
may be configured to form tabs 70 each of which has an
associated screw hole 72 through which a screw or other
fastener may be passed when affixing antenna support
structure 64 and antenna resonating elements 56 to the
ground plane formed by base 12E of housing 12.
[0043] As shown in the illustrative configuration of FIG.
5, antenna resonating elements 56 may be formed from
conductive traces such as trace 74. Antenna resonating
element 56 may be electrically and mechanically at-
tached to ground plane 54 by using screws or other fas-
teners in holes 72 to attach support 64 to housing portion
12A at edge 66.
[0044] The meandering conductive trace shape shown
in the illustrative antenna resonating element 56 of FIG.
5 is merely illustrative. Antenna resonating elements 56
may have any suitable shape.
[0045] In general, the shape that is chosen for each
antenna resonating element 56 may be determined
based on the desired operating frequencies for the an-
tennas of device 10. For example, in a dual-band antenna
arrangement, it may be desirable to configure the shape
of the antenna’s resonating element 56 so that the an-
tenna’s fundamental operating frequency corresponds
to a first frequency band of interest (e.g., 2.4 GHz) and
so that the antenna’s second harmonic operating fre-
quency corresponds to a second frequency band of in-
terest (e.g., 5.0 GHz). The antenna resonating element’s
length may be adjusted to be approximately equal to a
quarter of a wavelength at the fundamental frequency.
Bends, notches, protruding stubs, and other features
may be incorporated into a given antenna resonating el-
ement to adjust its resonant frequencies and its band-
width in each band of interest. As an example, folded
shapes may be incorporated into the antenna resonating
element. The folded shapes may help an antenna de-
signer optimize antenna performance in situations in
which it is desired to modify the frequency of the second
harmonic resonance without significantly affecting the lo-
cation of the fundamental antenna resonance. This is
because folds may add reactances that affect the har-
monic resonance more than the fundamental resonance.
If desired, the length of an antenna fold may be adjusted
to correspond to an additional secondary resonance that
is configured to resonate in band.
[0046] When selecting a layout for a given antenna res-
onating element, it is also generally desirable to take into
account the influence of structures that enclose the an-
tenna resonating element (e.g., nearby conductive struc-
tures such as housing walls). The impact of nearby con-
ductive structures can affect the frequency response of
an antenna resonating element. An antenna resonating
element will typically perform differently when mounted
inside of an enclosure as opposed to being mounted in
an unenclosed arrangement. This is because a given an-
tenna resonating element will tend to excite resonances
in its enclosure that are tuned via the antenna resonating
element.

9 10 



EP 2 235 788 B1

7

5

10

15

20

25

30

35

40

45

50

55

[0047] These techniques or other suitable techniques
may be used to select a shape for an antenna resonating
element that satisfies design goals (e.g., frequency band
coverage, efficiency, etc.).
[0048] Examples of suitable patterns that may be used
for the three antenna resonating elements 56 of FIG. 4
are shown respectively in FIGS. 6, 7, and 8. An advan-
tage of using multiple tabs 72 along the edge of each
antenna resonating element (e.g., three tabs 72 as in the
examples of FIGS. 6, 7, and 8) is that this helps to pro-
mote formation of a low resistance path between the an-
tenna resonating element and housing portion 12E.
[0049] A perspective view of the underside of an illus-
trative support structure 64 and top case 12A showing
how support structure 64 and antenna resonating ele-
ment 56 may be electrically and mechanically connected
to top case 12A is shown in FIG. 9. As shown in FIG. 9,
top case 12A may have tabs 78 with holes 80 that are
aligned with corresponding tabs 70 and holes 72 on sup-
port structure 64. Screws 76 or other suitable fasteners
may pass through holes 72 and 80. Nuts or threads in
holes 80 may be used to secure screws 76.
[0050] A cross-sectional side view of an illustrative por-
tion of antenna structure 20 is shown in FIG. 10. As shown
in FIG. 10, antenna resonating elements such as antenna
resonating element 56 may be formed from a conductive
layer on dielectric support structure 64. Conductive layer
portion 86 may coat dielectric portions of support struc-
ture 64 that are configured to form tabs 70. Conductive
layer portions 84 may form substantially planar portions
of resonating element 56 (e.g., using patterns of the types
shown in FIGS. 6, 7, and 8). These substantially planar
portions of antenna resonating element 56 may be
curved along the arc defined by the semi-circular cross-
sectional shape of antenna support structure 64, as
shown in FIG. 10. In the vicinity of positive antenna feed
terminal 56, via 82 may be formed through support struc-
ture 64. The conductive layer of antenna resonating el-
ement 56 may have portions 88 that coat the inner side-
walls of via 82, thereby ensuring that molten solder will
flow through via 82 when soldering center conductor 65
(FIG. 5) to antenna terminal 58 on the concave underside
of antenna support structure 64.
[0051] Any suitable technique may be used to form
conductive structures for antenna resonating element 56.
For example, conductive structures for antenna resonat-
ing element 56 may be formed from stamped metal foil,
flexible printed circuit board structures (e.g., polyimide-
based structures of the type that are sometimes referred
to as flex circuits), etc. With one suitable arrangement,
antenna support structure 64 may be formed using a
molded interconnect device (MID) manufacturing proc-
ess such as a two-shot molded interconnect device proc-
ess.
[0052] In a two-shot MID process, a plastic may be
formulated to repel or attract conductive coatings by se-
lective incorporation of chemical additives. When a first
set of additives is incorporated into the plastic, the result-

ing formulation will attract conductive coatings. When a
second set of additives is incorporated into the plastic,
the plastic will repel conductive coatings. The different
coating behaviors of these two types of plastic allow pat-
terns to be defined for an antenna resonating element
(i.e., by patterning the attractive plastic appropriately).
An example of a conductive coating that may be used
for coating portions of antenna support structure 64 is
wet-plated copper. Other suitable coating materials in-
clude gold, chrome, nickel, tin, other suitable metals, al-
loys of these metals, etc. These materials may be de-
posited using electrochemical deposition (e.g., wet plat-
ing techniques) or other suitable techniques.
[0053] With a two-shot process, portions of antenna
support structure 64 that are to be maintained free of
conductor may be constructed from a first "shot" using a
plastic blend that repels copper (or other conductor). Por-
tions of MID antenna support structure 64 on which an-
tenna resonating elements 56 are to be formed are con-
structed from a second "shot" using a plastic blend that
attracts copper (or other conductor). During a subse-
quent plating process, only those portions of antenna
support structure that were formed from the copper-at-
tracting blend of plastic will be plated with copper. Por-
tions of the antenna support structure that were formed
from the copper-repelling blend of plastic will remain un-
coated.
[0054] In the example of FIG. 10, the portions of an-
tenna support structure 64 beneath the conductive layers
that form antenna resonating element 56 are formed from
a plastic blend that attracts copper (or other conductor),
whereas the portions of antenna support structure 64 that
are not covered by antenna resonating element 56 are
formed from a plastic blend that repeals copper (or other
conductor).
[0055] The two portions of the antenna support struc-
ture (i.e., the portion to be coated by conductor and the
portion that remains uncoated) may be formed using sep-
arate MID tool pieces called cavities. In a two-shot proc-
ess, two cavities are used. In general, any suitable
number of shots may be used in forming antenna support
structure 64. The use of a two-shot process is merely
illustrative.
[0056] If desired, other techniques may be used for
forming antenna support structures such as support
structure 64. For example, a plastic having portions that
are selectively activated by exposure to laser light may
be used in forming the antenna support structure. The
plastic may be, for example, a thermoplastic that has a
organo-metallic additive that is sensitive to light at the
wavelengths produced by a laser. The antenna resonat-
ing element pattern may be imposed on the plastic of the
support structure by exposing the plastic to laser light
only in areas in which conductive antenna structures are
desired. After exposing desired portions of the plastic to
laser light to activate those portions, the plastic may be
plated with a suitable conductor such as copper. During
plating operations, the laser-activated portions of the
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plastic attract the plating conductor (e.g., copper), there-
by forming conductive antenna resonating element 56.
Techniques in which laser light is used to imprint a de-
sired plating pattern on a plastic support are sometimes
referred to as laser direct structuring (LDS) techniques.
Laser direct structuring services for forming molded in-
terconnect devices in this way are available from LPKF
Laser & Electronics AG of Garbsen, Germany.
[0057] In general, antenna resonating element struc-
tures may be formed on any suitable support structure.
The foregoing examples, in which conductive antenna
resonating element structures are formed by coating
plastic support structures with patterns of metal (e.g., by
plating) are merely illustrative.
[0058] A cross-sectional view of a portion of device 10
in the vicinity of housing portion 25 is shown in FIG. 11.
As shown in FIG. 11, a coaxial cable or other suitable
transmission line 62 may be used to feed the antenna
formed from antenna resonating element 56 and the
ground plane provided by housing portion 12A. Cable 62
may have an insulating jacket 96, a conductive braid that
serves as ground conductor 94, dielectric core 92, and
center conductor 65. At positive antenna feed terminal
58, the tip of center conductor 65 may be electrically con-
nected to the portions of antenna resonating element 56
that coat the interior of via 82 using solder 90. Ground
conductor 94 may be electrically connected to tab 70 at
ground antenna terminal 60.
[0059] Any suitable attachment mechanism may be
used when attaching ground conductor 94 of transmis-
sion line 62 to the portion of electrical conductor on tab
70. As an example, ground conductor 94 may be con-
nected to tab 70 using solder, fasteners (e.g., screws),
welding, etc.
[0060] As shown in FIG. 12, a conductive structure
such as clip 98 may be used to help electrically connect
ground conductor 94 of transmission line 62 to tabs 70
on antenna support structure 64. Clip 98 may have holes
100 that are aligned with corresponding holes 72 on tabs
70. Clip 98 may be formed from any suitable conductor
such as sheet metal. An example of a sheet metal that
may be used for clip 98 is tin-plated cold rolled steel.
Crimped portion 102 of clip 98 may be used to mechan-
ically hold transmission line 62 in place.
[0061] As shown in the cross-sectional view of FIG.
13, antenna support structure 64 may curve sufficiently
to allow at least some of antenna resonating element 56
to protrude upwards from the top surface of base 12E.
Top case portion 12A of housing 12 may have an upper
surface that is aligned with plane 104. Display housing
portion 12C may rotate about rotational axis 106 when
the lid of device 10 is opened and closed. Plane 104 may,
if desired, be located above rotational axis 106. At least
in region 108, antenna resonating element 56 lies above
plane 104 (and rotational axis 106). In this position, an-
tenna resonating element 56 protrudes outwards from
device 10 and away from housing surface 12A and the
conductive portions of display housing portion 12C. Be-

cause antenna resonating element 56 protrudes away
from the conductive housing structures of device 10, an-
tenna resonating element 56 may exhibit good perform-
ance (e.g., by maintaining line-of-sight communications
with wireless equipment such as accessories 46 and
computing equipment 48 of FIG. 2).
[0062] In accordance with an embodiment, a portable
computer antenna is provided that includes a molded in-
terconnect device dielectric antenna support structure, a
conductive coating on the molded interconnect device
dielectric antenna support structure that defines at least
one antenna resonating element for the antenna, and a
conductive case that serves as an antenna ground plane
for the antenna.
[0063] In accordance with another embodiment, mold-
ed interconnect device dielectric antenna support struc-
ture includes a two-shot molded interconnect device an-
tenna support structure having a portion that is coated
with plated metal that forms the antenna resonating ele-
ment.
[0064] In accordance with another embodiment, the at
least one antenna resonating element includes at least
three antenna resonating elements on the molded inter-
connect device dielectric antenna support structure each
of which forms a separate antenna with the antenna
ground plane and at least two of the separate antennas
are multiband antennas.
[0065] In accordance with another embodiment, the
conductive case includes a portable computer base
housing that has a top surface that lies in a plane and
the molded interconnect device dielectric antenna sup-
port structure and at least part of the antenna resonating
element protrude above the plane.
[0066] In accordance with another embodiment, the
molded interconnect device dielectric antenna support
structure includes a plurality of tabs each of which has a
hole and the tabs are coated with conductor that is elec-
trically connected to the antenna resonating element.
[0067] In accordance with another embodiment, the
molded interconnect device dielectric antenna support
structure includes a plurality of tabs that are coated with
conductor and that are electrically connected to the an-
tenna ground plane and the portable computer also in-
cludes a transmission line that carries antenna signals
and a conductive clip that grounds a ground conductor
in the transmission line to the tabs.
[0068] In accordance with an embodiment, an elec-
tronic device is provided that includes a conductive base
housing that forms an antenna ground plane, a two-shot
molded interconnect device dielectric antenna support
structure having at least one antenna resonating ele-
ment, where the antenna resonating element and the an-
tenna ground plane form an antenna, and a transmission
line that feeds the antenna.
[0069] In accordance with another embodiment, the at
least one antenna resonating element includes at least
three antenna resonating elements and at least two of
the antenna resonating elements form multiband anten-
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nas with the antenna ground plane.
[0070] In accordance with another embodiment, the
molded interconnect device dielectric antenna support
structure has metal-coated tabs with holes that are elec-
trically connected to the antenna resonating element, the
electronic device also includes a metal clip that electri-
cally connects the transmission line to the antenna res-
onating element at the tabs, and the antenna resonating
element includes a via to which a center conductor as-
sociated with the transmission line is connected to form
a positive antenna feed terminal for the antenna.
[0071] In accordance with an embodiment, a portable
computer is provided that includes a conductive base
housing that forms an antenna ground plane, a display
housing that is connected to the conductive base housing
with hinges, a dielectric housing portion that is located
between the conductive base housing and the display
housing and that is rigidly attached to the conductive base
housing, a dielectric antenna support structure that is
mounted within the dielectric housing portion, and at least
one antenna resonating element on the dielectric anten-
na support structure, where the antenna resonating ele-
ment and the antenna ground plane form an antenna for
the portable computer.
[0072] In accordance with another embodiment, the di-
electric antenna support structure includes a two-shot
molded interconnect device dielectric antenna support
structure having a portion that is coated with conductor
that forms the antenna resonating element.
[0073] In accordance with another embodiment, the
portable computer also includes at least two antenna res-
onating elements on the dielectric antenna support struc-
ture each of which forms a separate antenna with the
antenna ground plane.
[0074] In accordance with another embodiment, the
portable computer also includes at least three antenna
resonating elements on the dielectric antenna support
structure each of which forms a separate antenna with
the antenna ground plane and at least two of the antenna
resonating elements are configured to operate in two
communications bands.
[0075] In accordance with another embodiment, the
portable computer also includes at least three antenna
resonating elements on the dielectric antenna support
structure each of which forms a separate antenna with
the antenna ground plane and at least two of the antenna
resonating elements are configured to operate at 2.4 GHz
and 5.0 GHz communications bands.
[0076] In accordance with another embodiment, the di-
electric antenna support structure includes a curved sur-
face on which the antenna resonating element is formed.
[0077] In accordance with another embodiment, the
conductive base housing has a top surface that lies in a
plane and the dielectric antenna support structure pro-
trudes above the plane.
[0078] In accordance with another embodiment, the di-
electric antenna support structure includes a plurality of
tabs that are coated with conductor and that are electri-

cally connected to the antenna ground plane and the port-
able computer also includes a transmission line that car-
ries antenna signals and a metal clip that is crimped to
a ground conductor in the transmission line and that elec-
trically connects the ground conductor to the tabs.
[0079] In accordance with another embodiment, the di-
electric antenna support structure includes a plurality of
tabs that are coated with conductor that is electrically
connected to the dielectric antenna resonating element
and that is electrically connected to the antenna ground
plane using screws.
[0080] In accordance with another embodiment, the
conductive base housing includes a top case and a bot-
tom case, the top case has a plurality of tabs, the dielectric
antenna support structure includes a plurality of tabs that
are coated with conductor that is electrically connected
to the antenna resonating element, and the tabs of the
dielectric antenna support structure are connected to the
tabs of the top case using screws.
[0081] In accordance with another embodiment, the
conductive base housing includes a top case and a bot-
tom case, the top case has a plurality of tabs, the dielectric
antenna support structure includes a plurality of tabs that
are coated with conductor that is electrically connected
to the antenna resonating element, the tabs of the die-
lectric antenna support structure are connected to the
tabs of the top case using screws, the conductive base
housing has a top surface that lies in a plane, and the
dielectric antenna support structure protrudes above the
plane.
[0082] The foregoing is merely illustrative of the prin-
ciples of this invention and various modifications can be
made by those skilled in the art without departing from
the scope of the invention. The foregoing embodiments
may be implemented individually or in any combination.

Claims

1. A portable computer (10), comprising:

a base housing (12E); a display housing (12C)
that is connected to the base housing (12E) with
hinges (24);
a dielectric housing portion (25) that is located
between the base housing (12E) and the display
housing (12C) and that is rigidly attached to the
base housing (12E);

characterized in that:

the base housing (12E) is conductive and forms
an antenna ground plane (54);
the portable computer (10) further comprises:

a dielectric antenna support structure (64)
that is mounted within the dielectric housing
portion (25);
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and at least one antenna resonating ele-
ment (56) on the dielectric antenna support
structure (64),
wherein the at least one antenna resonating
element (56) and the antenna ground plane
(54) form an antenna (20) for the portable
computer (10).

2. The portable computer (10) defined in claim 1 where-
in the dielectric antenna support structure (64) com-
prises a two-shot molded interconnect device die-
lectric antenna support structure (64) having a por-
tion (84 and 88) that is coated with conductor that
forms the antenna resonating element (56).

3. The portable computer (10) defined in claim 1 com-
prising at least two antenna resonating elements (56)
on the dielectric antenna support structure (64) each
of which forms a separate antenna (20) with the an-
tenna ground plane (54).

4. The portable computer (10) defined in claim 1 com-
prising at least three antenna resonating elements
(56) on the dielectric antenna support structure (64)
each of which forms a separate antenna with the
antenna ground plane (54), wherein at least two of
the antenna resonating elements (56) are configured
to operate in two communications bands.

5. The portable computer (10) defined in claim 1 com-
prising at least three antenna resonating elements
(56) on the dielectric antenna support structure (64)
each of which forms a separate antenna (20) with
the antenna ground plane (54), wherein at least two
of the antenna resonating elements (56) are config-
ured to operate at 2.4 GHz and 5.0 GHz communi-
cations bands.

6. The portable computer (10) defined in claim 1 where-
in the dielectric antenna support structure (64) com-
prises a curved surface on which the antenna reso-
nating element (56) is formed.

7. The portable computer (10) defined in claim 1 where-
in the conductive base housing (12E) has a top sur-
face that lies in a plane (104) and wherein the die-
lectric antenna support structure (64) protrudes
above the plane (104).

8. The portable computer (10) defined in claim 1 where-
in the dielectric antenna support structure (64) com-
prises a plurality of tabs (70) that are coated with
conductor and that are electrically connected to the
antenna ground plane (54), the portable computer
(10) further comprising:

a transmission line (62) that carries antenna sig-
nals; and

a metal clip (98) that is crimped to a ground con-
ductor (94) in the transmission line (62) and that
electrically connects the ground conductor (94)
to the tabs (70).

9. The portable computer (10) defined in claim 1 where-
in the dielectric antenna support structure (64) com-
prises a plurality of tabs (70) that are coated with
conductor that is electrically connected to the anten-
na resonating element (56) and that is electrically
connected to the antenna ground plane (54) using
screws (76).

10. The portable computer (10) defined in claim 1 where-
in the conductive base housing (12E) comprises a
top case (12A) and a bottom case (12B), wherein
the top case (12A) has a plurality of tabs (70), where-
in the dielectric antenna support structure (64) com-
prises a plurality of tabs (70) that are coated with
conductor that is electrically connected to the anten-
na resonating element (56), and wherein the tabs
(70) of the dielectric antenna support structure (64)
are connected to the tabs (70) of the top case (12A)
using screws (76).

11. The portable computer (10) defined in claim 1 where-
in the conductive base housing (12E) comprises a
top case (12A) and a bottom case (12B), wherein
the top case (12A) has a plurality of tabs (70), where-
in the dielectric antenna support structure (64) com-
prises a plurality of tabs (70) that are coated with
conductor that is electrically connected to the anten-
na resonating element (56), wherein the tabs (70) of
the dielectric antenna support structure (64) are con-
nected to the tabs (70) of the top case (12A) using
screws (76), wherein the conductive base housing
(12E) has a top surface that lies in a plane (104),
and wherein the dielectric antenna support structure
(64) protrudes above the plane (104).

Patentansprüche

1. Tragbarer Computer (10), enthaltend:

ein Basisgehäuse (12E); ein Anzeigegehäuse
(12C), das mit dem Basisgehäuse (12E) über
Scharniere (24) verbunden ist;
ein dielektrischer Gehäuseteil (25), der zwi-
schen dem Basisgehäuse (12E) und dem An-
zeigegehäuse (12C) angeordnet und starr mit
dem Basisgehäuse (12E) verbunden ist;
dadurch gekennzeichnet, dass
das Basisgehäuse (12E) leitfähig ist und eine
Antennen-Grundplatte (54) ausbildet;

wobei der tragbare Computer (10) weiter enthält:
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eine dielektrische Antennen-Trägerstruktur
(64), die innerhalb des dielektrischen Gehäuse-
teils (25) montiert ist;
und mindestens ein Antennen-Resonanzele-
ment (56) auf der dielektrischen Antennen-Trä-
gerstruktur (64),
worin das mindestens eine Antennen-Resonan-
zelement (56) und die Antennen-Grundplatte
(54) eine Antenne (20) für den tragbaren Com-
puter (10) bilden.

2. Tragbarer Computer (10) nach Anspruch 1, worin
die dielektrische Antennen-Trägerstruktur (64) eine
zweistufig spritzgegossene Verbundelement dielek-
trische Antennen-Trägerstruktur (64) aufweist, mit
einem Teil (84 und 88), der mit leitfähigem Material
beschichtet ist, das das Antennen-Resonanzele-
ment (56) bildet.

3. Tragbarer Computer (10) nach Anspruch 1, enthal-
tend mindestens zwei Antennen-Resonanzelemen-
te (56) auf der dielektrischen Antennen-Trägerstruk-
tur (64), die jeweils eine separate Antenne (20) mit
der Antennen-Grundplatte (54) bilden.

4. Tragbarer Computer (10) nach Anspruch 1, enthal-
tend mindestens drei Antennen-Resonanzelemente
(56) auf der dielektrischen Antennen-Trägerstruktur
(64), von denen jedes eine separate Antenne mit der
Antennen-Grundplatte (54) bildet, worin mindestens
zwei der Antennen-Resonanzelemente (56) konfi-
guriert sind, um in zwei Kommunikationsbändern zu
arbeiten.

5. Tragbarer Computer (10) nach Anspruch 1, enthal-
tend mindestens drei Antennen-Resonanzelemente
(56) auf der dielektrischen Antennen-Trägerstruktur
(64), von denen jedes eine separate Antenne (20)
mit der Antennen-Grundplatte (54) bildet, worin min-
destens zwei der Antennen-Resonanzelemente (56)
konfiguriert sind, um bei 2.4 GHz und 5.0 GHz Kom-
munikationsbändern zu arbeiten.

6. Tragbarer Computer (10) nach Anspruch 1, worin
die dielektrische Antennen-Trägerstruktur (64) eine
gekrümmte Oberfläche aufweist, auf der das Anten-
nen-Resonanzelement (56) ausgebildet ist.

7. Tragbarer Computer (10) nach Anspruch 1, worin
das leitfähige Grundgehäuse (12E) eine obere Ober-
fläche aufweist, die in einer Ebene (104) liegt und
worin die dielektrische Antennen-Trägerstruktur (64)
über die Ebene (104) hinausragt.

8. Tragbarer Computer (10) nach Anspruch 1, worin
die dielektrische Antennen-Trägerstruktur (64) eine
Mehrzahl von Vorsprüngen (70) aufweist, die mit leit-
fähigen Material beschichtet sind und die elektrisch

verbunden sind mit der Antennen-Grundplatte (54),
wobei der tragbare Computer (10) weiter enthält:

eine Übertragungsleitung (62), die Antennen-
signale führt; und
ein Metallclip (98), der an einen Grundleiter (94)
in der Übertragungsleitung (62) gecrimpt ist und
den Grundleiter (94) elektrisch mit dem Vor-
sprüngen (70) verbindet.

9. Tragbarer Computer (10) nach Anspruch 1, worin
die dielektrische Antennen-Trägerstruktur (64) eine
Vielzahl von Vorsprüngen (70) aufweist, die mit leit-
fähigem Material beschichtet sind, das elektrisch mit
dem Antennen-Resonanzelement (56) verbunden
ist und das elektrisch verbunden ist mit der Anten-
nen-Grundplatte (54) unter Verwendung von
Schrauben (76).

10. Tragbarer Computer (10) nach Anspruch 1, worin
das leitfähige Basisgehäuse (12E) ein oberes Ge-
häuse (12A) und ein unteres Gehäuse (12B) auf-
weist, worin das obere Gehäuse (12A) eine Mehr-
zahl von Vorsprüngen (70) aufweist, worin die die-
lektrische Antennen-Trägerstruktur (64) eine Mehr-
zahl von Vorsprüngen (70) aufweist, die mit leitfähi-
gem Material beschichtet sind, das elektrisch mit
dem Antennen-Resonanzelement (56) verbunden
ist und worin die Vorsprünge (70) der dielektrischen
Antennen-Trägerstruktur (64) mit dem Vorsprüngen
(70) des oberen Gehäuses (12A) unter Verwendung
von Schrauben (76) verbunden sind.

11. Tragbarer Computer (10) nach Anspruch 1, worin
das leitfähige Basisgehäuse (12E) ein oberes Ge-
häuse (12A) und ein unteres Gehäuse (12B) auf-
weist, worin das obere Gehäuse (12A) eine Mehr-
zahl von Vorsprüngen (70) hat, worin die dielektri-
sche Antennen-Trägerstruktur (64) eine Mehrzahl
von Vorsprüngen (70) aufweist, die mit leitfähigem
Material beschichtet sind, das elektrisch mit dem An-
tennen-Resonanzelement (56) verbunden ist, worin
die Vorsprünge (70) der dielektrischen Antennen-
Trägerstruktur (64) mit dem Vorsprünge (70) des
oberen Gehäuses (12 A) verbunden sind unter Ver-
wendung von Schrauben (76), worin das leitfähige
Basisgehäuse (12E) eine obere Oberfläche auf-
weist, die in einer Ebene (104) liegt, und worin die
dielektrische Antennen-Trägerstruktur (64) über die
Ebene (104) hinausragt.

Revendications

1. Un ordinateur portable (10), comprenant :

un boitier conducteur de base (12E) ;
un boitier d’afficheur (12C) qui est relié au boitier
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conducteur de base (12E) par des charnières
(24) ;
une partie diélectrique de boitier (25) qui est si-
tuée entre le boitier conducteur de base (12E)
et le boitier d’afficheur (12C) et qui est rigide-
ment solidarisée au boitier conducteur de base
(12E) ;

caractérisé en ce que :

le boitier conducteur de base (12E) est conduc-
teur et forme un plan de masse d’antenne (54) ;
l’ordinateur portable (10) comprend en outre :

une structure diélectrique support d’anten-
ne (64) qui est montée à l’intérieur de la par-
tie diélectrique de boitier (25) ;
et au moins un élément résonateur d’anten-
ne (56) sur la structure diélectrique support
d’antenne (64),
le au moins un élément résonateur d’anten-
ne (56) et le plan de masse d’antenne (54)
formant une antenne (20) pour l’ordinateur
portable (10).

2. L’ordinateur portable (10) de la revendication 1, dans
lequel la structure diélectrique support d’antenne
(64) comprend une structure diélectrique support
d’antenne de dispositif d’interconnexion moulée en
deux injections (64) avec une partie (84 et 88) qui
est revêtue d’un conducteur qui forme l’élément ré-
sonateur d’antenne (56).

3. L’ordinateur portable (10) de la revendication 1, com-
prenant au moins deux éléments résonateurs d’an-
tenne (56) sur la structure diélectrique support d’an-
tenne (64), chacun d’entre eux formant avec le plan
de masse d’antenne (54) une antenne distincte (20).

4. L’ordinateur portable (10) de la revendication 1, com-
prenant au moins trois éléments résonateurs d’an-
tenne (56) sur la structure diélectrique support d’an-
tenne (64), chacun d’entre eux formant avec le plan
de masse d’antenne (54) une antenne distincte (20),
au moins deux des éléments résonateurs d’antenne
(56) étant configurés pour opérer dans deux bandes
de communication.

5. L’ordinateur portable (10) de la revendication 1, com-
prenant au moins trois éléments résonateurs d’an-
tenne (56) sur la structure diélectrique support d’an-
tenne (64), chacun d’entre eux formant avec le plan
de masse d’antenne (54) une antenne distincte (20),
au moins deux des éléments résonateurs d’antenne
(56) étant configurés pour opérer sur les bandes 2,4
GHz et 5,0 GHz.

6. L’ordinateur portable (10) de la revendication 1, dans

lequel la structure diélectrique support d’antenne
(64) comprend une surface courbée sur laquelle est
formé l’élément résonateur d’antenne (56).

7. L’ordinateur portable (10) de la revendication 1, dans
lequel le boitier conducteur de base (12E) présente
une surface supérieure qui s’étend dans un plan
(104), et dans lequel la structure diélectrique support
d’antenne (64) fait saillie au-dessus du plan (104).

8. L’ordinateur portable (10) de la revendication 1, dans
lequel la structure diélectrique support d’antenne
(64) comprend une pluralité de pattes (70) qui sont
revêtues d’un conducteur et qui sont électriquement
reliées au plan de masse d’antenne (54), l’ordinateur
portable (10) comprenant en outre :

une ligne de transmission (62) qui véhicule des
signaux d’antenne ; et
un clip métallique (98) qui est serti sur un con-
ducteur de masse (94) de la ligne de transmis-
sion (62) et qui relie électriquement le conduc-
teur de masse (94) aux pattes (70).

9. L’ordinateur portable (10) de la revendication 1, dans
lequel la structure diélectrique support d’antenne
(64) comprend une pluralité de pattes (70) qui sont
revêtues d’un conducteur qui est électriquement re-
lié à l’élément résonateur d’antenne (56) et qui est
électriquement relié au plan de masse d’antenne
(54) au moyen de vis (76).

10. L’ordinateur portable (10) de la revendication 1, dans
lequel le boitier conducteur de base (12E) comprend
un coffret de dessus (12A) et un coffret de dessous
(12B), le coffret de dessus (12A) possédant une plu-
ralité de pattes (70), la structure diélectrique support
d’antenne (64) comprenant une pluralité de pattes
(70) qui sont revêtues d’un conducteur qui est élec-
triquement relié à l’élément résonateur d’antenne
(56), et les pattes (70) de la structure diélectrique
support d’antenne (64) étant reliées aux pattes (70)
du coffret de dessus (12A) au moyen de vis (76).

11. L’ordinateur portable (10) de la revendication 1, dans
lequel le boitier conducteur de base (12E) comprend
un coffret de dessus (12A) et un coffret de dessous
(12B), le coffret de dessus (12A) possédant une plu-
ralité de pattes (70), la structure diélectrique support
d’antenne (64) comprenant une pluralité de pattes
(70) qui sont revêtues d’un conducteur qui est élec-
triquement relié à l’élément résonateur d’antenne
(56), les pattes (70) de la structure diélectrique sup-
port d’antenne (64) étant reliées aux pattes (70) du
coffret de dessus (12A) au moyen de vis (76), le boi-
tier conducteur de base (12E) possédant une surfa-
ce de dessous qui s’étend dans un plan (104), et la
structure diélectrique support d’antenne (64) faisant
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saillie au-dessus du plan (104).

23 24 



EP 2 235 788 B1

14



EP 2 235 788 B1

15



EP 2 235 788 B1

16



EP 2 235 788 B1

17



EP 2 235 788 B1

18



EP 2 235 788 B1

19



EP 2 235 788 B1

20



EP 2 235 788 B1

21



EP 2 235 788 B1

22



EP 2 235 788 B1

23



EP 2 235 788 B1

24



EP 2 235 788 B1

25

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 61019218 B [0001]
• US 12142744 B [0001]

• US 20010040529 A1 [0006]


	bibliography
	description
	claims
	drawings
	cited references

