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Description

[0001] The invention concerns generally the techno-
logical field of planar antennas in portable radio devices.
Especially the invention concerns a planar antenna con-
struction that has only limited dependencies on the other
structures of the radio device. Additionally the invention
concerns a portable radio device equipped with such a
planar antenna construction.

[0002] Mobile telephones were traditionally fitted with
protruding helical antennas and/or fixed or retractable
whip antennas. The evolution of smaller and smaller
mobile telephones and other portable radio receivers
and transceivers like pagers and wirelessly communi-
cating personal digital assistants has promoted the in-
troduction of planar antennas that do not protrude out-
side the smooth contours of the device. This develop-
ment will most probably continue in the future.

[0003] One of the known and widely applicable planar
antenna solutions used in mobile telephones is the PIFA
or Planar Inverted F Antenna. It consists of a planar con-
ductive sheet (that may have a smooth outer contour or
comprise various cuts) that acts as a radiator, and a pla-
nar conductive ground surface which is essentially par-
allel to the radiator. The surfaces need not be exactly
planar, and they need not be exactly parallel to each oth-
er. There are one or a few conductive connections be-
tween the radiator and the ground surface, usually im-
plemented as conductive pins or strips that are essen-
tially perpendicular to the direction of the planar surfac-
es. A feeding pin or a feeding strip coupled to a certain
feeding point of the planar radiator serves to couple the
antenna to the antenna port of a radio device.

[0004] Fig. 1 illustrates a known PIFA construction
and its use in a mobile telephone, which in Fig. 1 is seen
in an opened position so that its keypad, display, micro-
phone and loudspeaker which are located on the distant
side of the right-hand part are not seen. The functional
parts of the mobile telephone 101 have been construct-
ed onto a printed circuit board or PCB 102. The PCB
with all the components attached thereto has been en-
closed into an outer cover 103 which consists of two
halves 103a and 103b and also serves as a support
structure. The PCB 102 is attached to the front half 103a
of the outer cover. At the top end of the PCB 102 there
is an antenna feeding pad 104 and a ground plane 105
which are parts of the conductive structures formed on
the planar surface of the PCB. In most mobile tele-
phones and other small radio devices the PCB is of the
multilayer type in which case the ground plane 105 could
be also located at one of the inner layers.

[0005] At the top end of the inside of the back cover
103b there is a conductive radiator 106 which is made
e.g. by glueing a copper sheet or a corresponding flat
piece of metal onto the inner surface of the back cover
103b. A feeding pin 107 and a grounding pin 108 pro-
trude from the conductive radiator 106 into a direction
which is towards the PCB 102 when the two cover
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halves 103a and 103b are attached together. The feed-
ing pin 107 and grounding pin 108 are made e.g. by
forming a pair of elongated strips at the edge of the cop-
per sheet 106 at the phase when it is cut out of a larger
piece of metal, and bending the elongated strips into the
appropriate direction. The idea is that when the cover is
closed, the conductive radiator 106 and the ground
plane 105 come into a parallel configuration and the
feeding pin 107 and grounding pin 108 touch the anten-
na feeding pad 104 and ground plane 105 respectively,
so a PIFA antenna is produced. The back cover 103b
must be electrically non-conductive atleast at its top end
where the conductive radiator 106 is located.

[0006] The prior art structure of Fig. 1 has certain
drawbacks. The manufacturers of mobile phones usu-
ally want to concentrate in their operation on the design
of the basic circuitry and functions of the mobile tele-
phones, and buy auxiliary components like antennas
from subcontractors. This is not possible with the struc-
ture of Fig. 1, unless the subcontractor provides also the
back covers or the back covers are circulated back and
forth between the telephone manufacturer and the sub-
contractor. Testing separately the operation of the mo-
bile telephone or the antenna is also problematic, and
the operational characteristics of the antenna depend
on whether or not the whole back cover of the telephone
has been correctly fastened in place.

[0007] It is an object of the present invention to pro-
vide a planar antenna structure that would not have the
disadvantages of prior art solutions. It is especially an
object of the presentinvention that the antenna structure
is applicable to large scale mass production and sub-
contracting. A further object of the invention is that the
antenna structure is reliable in operation.

[0008] The objects of the invention are achieved with
a structure where a planar radiator and its associated
ground plane are integrated into a structurally independ-
ent part which comprises means for attaching it to the
main part of a portable radio device.

[0009] The antenna structure according to the inven-
tion comprises a planar radiator bounded by a certain
first outline and attachment means for mechanically at-
taching the antenna part to a portable radio device. It is
characterized in that it additionally comprises a ground
plane which is essentially parallel to the planar radiator,
separated from the planar radiator by a certain essen-
tially constant distance and bounded by a second out-
line which is essentially the same as the first outline.
[0010] The invention applies also to a portable radio
device comprising an outer cover having a certain outer
appearance, an antenna part having a planar radiator
and an inner grounded part. It is characterized in that
the antenna part comprises an integral ground plane
which is essentially parallel to the planar radiator, sep-
arated from the planar radiator by a certain essentially
constant distance and coupled to the inner grounded
part of the portable radio device.

[0011] According to the invention there is provided a
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compact and structurally independent part that houses
a planar radiator, an associated ground plane, contact
means for arranging the necessary electromagnetic
couplings between the antenna structure and the rest of
the radio device and the eventual structural parts that
provide for mechanical support and appearance. Struc-
tural independence means that it is possible to manufa-
ture the antenna part and handle it in the mass produc-
tion of radio devices essentially without involving the
other parts of the radio device. Most advantageously the
antenna part also has integrated attaching means for
attaching it to a radio device for example by a snap-on
joint.

[0012] According to the most advantageous embodi-
ment of the invention the antenna part comprises an out-
er cover, a radiator element, a support frame and a
ground plane in a sandwiched configuration. The con-
tact means are most advantageously contact pins that
may be formed of the same material as the radiator el-
ement and/or the ground plane. They may also be sep-
arate components that are attached to the radiator ele-
ment and/or the ground plane. A degree of flexibility may
be built into the contact pins to provide a spring force
that in the completed radio device presses the contact
pin(s) against the corresponding contact surface(s) in
the rest of the radio device. The grounding connection
from the ground plane of the antenna part to that of the
radio device does not necessarily need a galvanic con-
tact at all, if there is in the radio device a grounded part
that comes in the completed construction near enough
to the ground plane of the antenna part so that a capac-
itive coupling is formed.

[0013] If the outer cover and support frame of the an-
tenna part are made from plastics, an advantageous
method of assembling the antenna part is by ultrasonic
welding. The plastic parts themselves are most advan-
tageously made by injection moulding.

[0014] The novel features which are considered as
characteristic of the invention are set forth in particular
in the appended Claims. The invention itself, however,
both as to its construction and its method of operation,
together with additional objects and advantages thereof,
will be best understood from the following description of
specific embodiments when read in connection with the
accompanying drawings.

Fig. 1 illustrates a known planar antenna
construction in a mobile tele-
phone,

Figs. 2a and 2b illustrate an antenna part accord-
ing to the present invention in ex-
ploded view,

Figs. 3a and 3b illustrate an antenna part accord-
ing to the present invention when
assembled,
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illustrates the attachment of an an-
tenna part to a mobile telephone
and

Fig. 4

illustrates an alternative attach-
ment of an antenna part to a mo-
bile telephone.

Fig. 5

[0015] Fig. 2ais an exploded view of an antenna part
according to an advantageous embodiment of the
present invention. The antenna part consists of an outer
cover 201 made of plastics, a planar radiating antenna
element 202 made of a metal sheet, a support frame
203 made of plastics, a ground plane 204 made of metal
sheet, two long telescopic spring pins 205 and 206 and
a short telescopic spring pin 207. The telescopic spring
pins are small metallic structures where an upper part
may be partly pushed in the vertical direction into a lower
part; a spring inside the lower part constantly pushes
the upper part towards its topmost position. Fig. 2b is
an exploded cutaway diagram of the same antenna part
where the cutaway plane corresponds to the vertical
dashed line shown in Fig. 2a.

[0016] The antenna part illustrated in Figs. 2a and 2b
is assembled by first pressing the radiating antenna el-
ement 202 upwards against the lower surface of the
support frame 203 so that the lower plastic assembly
pins 208 in the latter coincide with the corresponding
through holes in the former. The plastic assembly pins
208 are most advantageously clenched on the lower
side of the radiating antenna element 202 so that the
radiating antenna element 202 is permanently attached
to the support frame 203; also in order to make the struc-
ture as compact as possible it is necessary not to allow
the pins to protrude to a remarkable depth through the
radiating antenna element. Thereafter the combined ra-
diating antenna element 202 and support frame 203 is
pressed downwards against the outer cover 201 so that
the plastic assembly pins 209 in the latter coincide with
the corresponding through holes in the radiating anten-
na element 202. The protruding ends of the plastic as-
sembly pins are again most advantageously clenched
on the upper side of the radiating antenna element.
[0017] After that the two long telescopic spring pins
205 and 206 are attached to the upper side of the radi-
ating antenna element 202 by soldering. It should be
noted that the invention does not require the use of tel-
escopic spring pins, because any upwards extending
conductive elongated elements that are in electrically
conductive contact with the radiating antenna element
would fulfil the same function. The ground plane 204 is
pushed downwards agains the upper surface of the sup-
port frame 203 so that the upper plastic assembly pins
210 in the latter coincide with the corresponding through
holes in the former. Again the protruding ends of the
plastic assembly pins are most advantageously
clenched so that a permanently assembled structure is
formed and all unnecessarily protruding pin heads are
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eliminated. There are holes in the ground plane 204 for
the long telescopic spring pins 205 and 206 so that after
attaching the ground plane to the support frame the long
telescopic spring pins 205 and 206 extend through the
ground plane. Because one of the long telescopic spring
pins 205 and 206 is meant to be used a feed pin and the
other as a grounding pin of the radiating antenna ele-
ment, the hole for the former is large enough to make
sure that the protruding end of the pin does not come
into contact with the ground plane, whereas the hole for
the latter pin is tight enough so that a conductive con-
nection between the pin and the ground plane is easily
obtained e.g. by soldering. Instead of providing a hole
for the feed pin the edge of the ground plane may be cut
into a shape that defines a notch so that the feed pin
does not go through the ground plane but past its edge.
[0018] The assembling of the antenna partis complet-
ed by soldering the short telescopic spring pin 207 onto
the upper surface of the ground plane 204. Again any
elongated conductive element, e.g. a strip of the same
piece and material as the ground plane itself, will do.
Later we will explain how the antenna part according to
the invention may be made even completely without
grounding pins.

[0019] The complete antenna part comprises most
advantageously some mechanical attachment points
through which it is possible to attach it mechanically to
a radio device. In the embodiment of Figs. 2a and 2b
the edges of the outer cover 201 comprise snap-on
tongues 211 that are meant to be snapped into corre-
sponding notches in the body of the radio device. One
edge of the outer cover also comprises a lip 212 the task
of which is to strengthen the mechanical joint between
the antenna part and the radio device and to help to find
the correct positioning at the final assembly stages of
the radio device. The location of snap-on tongues, lips
and other corresponding mechanical attachment means
at different points of the antenna part is naturally not lim-
ited by the invention in any way. In addition or as an al-
ternative to a snap-on attachment for example screwing,
glueing and other attachment means known as such can
be used. A snap-on attachment is also possible to make
so that the tongues are in the other parts of the radio
device, so that the antenna part has only slots.

[0020] In the embodiment of Figs. 2a and 2b the sup-
port frame 203 is a complete rectangular structure which
corresponds in size and form to the edges of the radiat-
ing antenna element 202 and the ground plane 204, and
which even comprises a pair of intersecting supporting
beams between its inner walls, coinciding with its hori-
zontal symmetry axes. The invention does not require
such a complete reinforced rectangular support frame
to be used, because more or less any support structure
would suffice which keeps the radiating antenna ele-
ment 202 and the ground plane 204 in essentially planar
form and essentially parallel to each other. However,
care must be taken to ensure that the antenna structure
fulfils the mechanical strength criteria set to portable ra-
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dio devices in general: the outer cover of the antenna
part will most advantageously become a part of the outer
cover surface of the radio device, so the antenna part
may be the first part to take the impact when the radio
device is accidentally dropped or otherwise mistreated
and hits a floor or other relatively hard object.

[0021] Figs 3a and 3b show the antenna part of Figs.
2a and 2b in assembled configuration. Although all
spring pins are shown in Figs. 3a and 3b to be arranged
so that their top ends are on the same level, this is not
required by the invention. The height and direction to
which each spring pin or other contact means reaches
depends on the location of the contact surface in the
radio device against which each spring pin or other con-
tact means is meant to be squeezed when the antenna
part is attached to a radio device.

[0022] Fig. 4 shows schematically the attachment of
an antenna part 401 to a mobile telephone 402. The
shap-on tongues 403 and 404 engage the correspond-
ing slots 405 and 406 respectively. The grounding pins
407 and 408 come into contact with the grounding pads
409 and 410 respectively. There is a connection from
the grounding pads 409 an 410 to a ground plane on
some surface or inner layer of the printed circuit board
416. The feed pin 411 comes into contact with the an-
tenna port pad 412. There is a connection from the an-
tenna port pad 412 to the duplex filter or other functional
component in the radio frequency parts of the mobile
telephone. The slot 413 defined by the edge of the
ground plane 414 prevents contact between the feed pin
and the ground plane. The ends 415 of the plastic as-
sembly pins are clenched. Because the antenna part
has its own ground plane, the top end of the printed cir-
cuit board 416 can be used for components instead of
a plain gound plane.

[0023] Fig. 5 shows an alternative embodiment of at-
taching an antenna part 501 to a mobile telephone 502.
The printed circuit board of the mobile telephone 502
does not extend to the top part. Additionally the radio
device is very flat at the top part, so when the antenna
part is attached, the ground plane 414 comes very near
to a conductive coating 504 on the inside of the radio
device's front cover. The conductive coating is grounded
and acts as an EMI (ElectroMagnetic Interference)
shield. The close proximity of the antenna's ground
plane and the grounded conductive inside of the front
cover makes separate grounding pins unnecessary, be-
cause the capacitive coupling therebetween is practical-
ly a short circuit on radio frequencies. The feed pin 411
engages with an antenna port pad 412 which is coupled
to the duplex filter or other functional part of the mobile
telephone through a strip conductor 503. Otherwise the
structure is similar to that of Fig. 4.

[0024] Close proximity between the ground plane of
the antenna part and a grounded portion of the radio
device, and the resulting capacitive coupling and avoid-
ance of separate grounding pins, does not require that
the grounded portion of the radio device is an essentially
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planar element which is of the equal size as the ground
plane. If, for example, in the arrangement of Fig. 5 the
top edge of the printed circuit board in the mobile tele-
phone comes relatively close to the antenna ground
plane after assembly, a certain grounded portion at or
near the top edge of the printed circuit board suffices to
establish the capacitive grounding for the antenna.

Claims

1. Anantenna part (401, 501) for portable radio devic-
es (402, 502), comprising

- a planar radiator (202) bounded by a certain
first outline and

- attachment means (211, 403, 404) for mechan-
ically attaching the antenna part to a portable
radio device,

characterized in that it additionally comprises a
ground plane (204, 414) which is essentially parallel
to the planar radiator (202), separated from the pla-
nar radiator (202) by a certain essentially constant
distance and bounded by a second outline which is
essentially the same as the first outline.

2. An antenna part according to claim 1, character-
ized in that it additionally comprises a support frame
(203) attached to both the planar radiator (202) and
said ground plane (204, 414).

3. An antenna part according to claim 2, character-
ized in that said support frame (203) is bounded by
a third outline which is essentially the same as the
first and second outlines.

4. An antenna part according to claim 2, character-
ized in that said support frame (203)

- comprises a first set of assembly pins (208) and
a second set of assembly pins (210),

- is attached to the planar radiator (202) so that
said first set of assembly pins (208) engages
with a set of corresponding holes in the planar
radiator (202) and

- is attached to said ground plane (204, 414) so
that said second set of assembly pins (210) en-
gages with a set of corresponding holes in said
ground plane (204).

5. An antenna part according to claim 4, character-
ized in that the ends of the assembly pins (208, 210)
are clenched (415) at the distal sides of the planar
radiator (202) and said ground plane (204).

6. An antenna part according to claim 1, character-
ized in that it additionally comprises a feed pin (205,
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10.

1.

12

13.

14.

15.

411) which is galvanically coupled to the planar ra-
diator (202) and extends into a direction which is
essentially perpendicular to the planar radiator
(202).

An antenna part according to claim 6, character-
ized in that said feed pin (205, 411) is a telescopic

spring pin.

An antenna part according to claim 1, character-
ized in that it additionally comprises at least one
grounding pin (206, 207, 407, 408) which is galvan-
ically coupled to the planar radiator (202) and said
ground plane (204, 414) and extends into a direc-
tion which is essentially perpendicular to the planar
radiator (202).

An antenna part according to claim 8, character-
ized in that said grounding pin (206, 207, 407, 408)
is a telescopic spring pin.

An antenna part according to claim 1, character-
ized in that it additionally comprises an outer cover
(201) which is attached to the planar radiator (202)
and encloses the planar radiator (202) and said
ground plane (204).

An antenna part according to claim 10, character-
ized in that the attachment means (211, 403, 404)
are integral parts of said outer cover (201).

A portable radio device (402. 502) comprising

- an outer cover having a certain outer appear-
ance

- an antenna part (401, 501) having a planar ra-
diator (202) and

- aninner grounded part (409, 410, 504),

characterized in that the antenna part (401, 501)
comprises an integral ground plane (204, 414)
which is essentially parallel to the planar radiator
(202), separated from the planar radiator (202) by
a certain essentially constant distance and coupled
to the inner grounded part (409, 410, 504)of the
portable radio device (402, 502).

A portable radio device according to claim 12, char-
acterized in thatthe inner grounded partis a ground
plane on a printed circuit board (416).

A portable radio device according to claim 12, char-
acterized in that the inner grounded part is a
grounded conductive coating (504) on the inner sur-
face of the outer cover.

A portable radio device according to claim 12, char-
acterized in that said integral ground plane (204,
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414) of the antenna part (401, 501) is galvanically
coupled to the inner grounded part of the portable
radio device (402, 502) through a contact pin (206,
207, 407, 408).

16. A portable radio device according to claim 12, char-
acterized in that said integral ground plane (204,
414) of the antenna part is capacitively coupled to
the inner grounded part of the portable radio device
(402, 502).

17. A portable radio device according to claim 12, char-
acterized in that the antenna part (401, 501) com-
prises an outer cover (201) having a certain outer
appearance which together with the outer appear-
ance of the portable radio device's outer cover de-
fines a smooth outer surface enclosing the portable
radio device (402, 502).
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