
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
1 

95
0 

83
4

A
1

��&������������
(11) EP 1 950 834 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
30.07.2008 Bulletin 2008/31

(21) Application number: 07001518.5

(22) Date of filing: 24.01.2007

(51) Int Cl.:
H01Q 13/10 (2006.01) H01Q 1/24 (2006.01)

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HU IE IS IT LI LT LU LV MC NL PL PT RO SE SI 
SK TR
Designated Extension States: 
AL BA HR MK RS

(71) Applicant: Matsushita Electric Industrial Co., Ltd.
Kadoma City
Osaka 571-8501 (JP)

(72) Inventors:  
• Schoss, Peter

21382 Brietlingen (DE)
• Schaab, Axel

21335 Lüneburg (DE)

(74) Representative: UEXKÜLL & STOLBERG
Patentanwälte 
Beselerstrasse 4
22607 Hamburg (DE)

(54) Wireless module with integrated slot antenna

(57) The present invention relates to a wireless radio-
frequency module (100) comprising a printed circuit
board (102) provided with an electric radio-frequency cir-
cuit (103a, 103b, 103c), a metal casing (101) mounted
to the printed circuit board, and a slot antenna (158)

formed in the metal casing, wherein the printed circuit
board (102) being provided with a coplanar waveguide
(125), being coupled to the radio-frequency circuit and
being coupled to the slot antenna (158) by means of a
feeding mechanism (170, 159).
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Description

[0001] The present invention relates in general to the
field of wireless radio-frequency (RF) modules, and in
particular to wireless RF modules used in communication
devices. More particular, the present invention relates to
a wireless RF module having a grounded or non-ground-
ed metal case, such as a RF circuit module provided with
a metal shielding or metal casing on top, in combination
with a slot antenna formed at said metal casing. For ex-
ample, such a wireless RF module in combination with
said slot antenna can be adapted for use in wireless com-
munication apparatuses such as mobile phones or Blue-
tooth devices. Thus, the size of such apparatuses can
be reduced, and the antenna characteristics thereof can
be improved.
[0002] A common general problem with wireless RF
apparatuses, such as mobile phones or similar wireless
communication devices, is the integration of the antenna
in a small-size wireless component such as a wireless
RF module which is provided with a metal shielding or
metal casing. As already known, the wireless radio-fre-
quency circuit (RF circuit) of the wireless RF module pro-
vided on a printed circuit board (PCB) of the RF module
and the antenna are separate components which are
usually miniaturized separately from each other. Howev-
er, there are limitations with respect to such miniaturiza-
tion.
[0003] The current state of technology is, for example,
described in US 2004/0137971 A1 which discloses a
wireless communication apparatus that allows miniatur-
ization of a wireless communication apparatus as a whole
and improvements of characteristics of an antenna de-
vice. As described in this document, a notch portion is
formed in a shield case formed of conductive material
that covers a radio-frequency wireless communication
circuit provided on a printed wiring board so as to house
the radio-frequency wireless communication circuit with-
in the shield case. In other words, the slot is formed as
a trench that is soldered on its walls to the printed circuit
board (PCB) of the component. However, this construc-
tion is difficult and expensive to produce and therefore
not suited for mass-production - neither in production of
the shielding nor in the later assembly of the printed circuit
board.
[0004] WO 02/095869 A1 and US 2005/0237251 A1
both relate to radio-frequency communication devices
provided with different slot antenna arrangements. How-
ever, these documents have their focus on varying res-
onant frequencies and bandwidth but do not disclose any
teachings with respect to the miniaturization of RF mod-
ules and the coupling between a slot antenna and the
related RF circuit.
[0005] Thus, it is an object of the present invention to
alleviate the above mentioned disadvantages and to pro-
vide a cost-effective and mass-production suited com-
bined wireless RF module in combination with a slot an-
tenna. In particular, it is an object of the invention to pro-

vide a wireless RF module for use in wireless communi-
cations systems, for example, having a metal shielding
or metal casing on top which is provided with a cheap
and easy-to-build slot antenna.
[0006] In general, the present invention comprises two
main ideas:

1. The realization of a slot antenna that can be easily
and cost-effective manufactured.

2. The implementation of a feeding mechanism that
does not impede with mass-production suitability of
the printed circuit board (PCB) of a wireless RF mod-
ule.

[0007] This object is achieved by a wireless RF module
as defined in claim 1. Preferred embodiments of the RF
module are set out in the dependent claims.
[0008] The invention will in the following be described
in connection with different, non-limiting embodiments
shown in the drawings, in which:

Figure 1 shows an exploded and perspective view
from above of a wireless RF module according to a
first embodiment of the present invention;

Figure 2 shows a perspective view from above of the
wireless RF module of Figure 1 after assembly there-
of;

Figure 3 shows a top view of a metal sheet blank for
forming the casing for the wireless RF module of
Figures 1 and 2;

Figure 4 shows an exploded and perspective view
from above of a wireless RF module according to a
second embodiment of the present invention;

Figure 5 shows a perspective view from above of the
wireless RF module of Figure 4 after assembly;

Figure 6 shows an exploded and perspective view
from above of a wireless RF module according to a
third embodiment of the present invention;

Figure 6A shows an exploded and perspective view
from above of a modified version of the wireless RF
module of Figure 6;

Figure 7 shows a perspective view from above of the
wireless RF module of Figure 6 after assembly;

Figure 7A shows a perspective view from above of
the wireless RF module of Figure 6A after assembly;

Figure 8 shows an exploded and perspective view
from above of a wireless RF module according to a
fourth embodiment of the present invention;
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Figure 9 shows a perspective view from above of the
wireless RF module of Figure 8 after assembly;

Figure 10 shows an exploded and perspective view
from above of a wireless RF module according to a
fifth embodiment of the present invention; and

Figure 11 shows a perspective view from above of
the wireless RF module of Figure 10 after assembly.

[0009] In the following detailed description, reference
is made to the accompanying drawings that form part of
it, and in which are shown by way of illustration specific
embodiments of the present invention. Said embodi-
ments of the present invention provide improvements in
wireless RF modules and slot antennas which are used
in, for example, wireless communication RF modules and
wireless communication devices such as mobile phones,
personal digital assistants (PDA), Bluetooth apparatuses
and similar devices.
[0010] Reference is now made to Figures 1 and 2. Fig-
ure 1 shows an exploded and perspective view from
above of a wireless RF module 100 according to a first
embodiment of the present invention, and Figure 2 shows
a perspective view from above of the wireless RF module
100 of Figure 1 after assembly thereof. As shown in Fig-
ures 1 and 2, the wireless RF module 100 includes a
conductive or metal casing 101 and a RF circuit module
formed by a printed circuit board 102 comprising several
electronic components 103a - 103c (see Figure 1) of an
electronic RF circuit (for example a transceiver circuit),
and other electronic means as required for a wireless
communication device. As shown in Figures 1 and 2, the
metal casing 101 is adapted to be attached to the printed
circuit board 102. Details of different attachment config-
urations and attachment methods are explained below
with reference to the present and alternative embodi-
ments of the present invention.
[0011] Figure 3 shows a top view of a metal sheet 150
prior to forming the metal casing 101 for the wireless RF
module 100 of Figures 1 and 2. The metal sheet 150
formed by punching of a metal plate, for example, com-
prises a rectangular main surface 151, left and right side
walls 154, 155, and upper and lower side walls 156, 157
which can be bent downwards along the connection lines
C, preferably with an angle of 90°, to form the metal cas-
ing 101. Thus, the metal casing has a cubic configuration
with an open bottom side wherein the side walls 154,
155, 156, 157 extend substantially perpendicular to the
main surface 151.
[0012] After assembly of the metal casing 101 and the
printed circuit board 102 (see Figure 2), the metal casing
101 serves as an electromagnetic wave shielding mem-
ber for blocking undesired electromagnetic waves emit-
ted from the printed circuit board 102 of the wireless RF
module 100, and in particular from the RF circuit, the
electronic components 103a - 103c, and the conducting
structure thereof.

[0013] The inventive concept preferably relates to
forming a meander-shaped slot 158 in the metal sheet
150 for the slot antenna wherein the production process
for forming the slot antenna is no additional production
step. As can be seen from Figures 1 to 3, the meander-
shaped slot 158 is made by punching, etching or laser
cutting, for example, the metal sheet 150 prior to forming
the metal sheet 150 into the metal casing 101 by means
of an appropriate forming tool. The punching or etching
technique is well known and best suited for high produc-
tion volumes. Preferably, the manufacturing of the slot
158 is part of the production process for the metal casing
sheet 150 such that no additional production steps for
forming the slot are needed. Further, it is not necessary
to modify the forming tool for the conventional metal cas-
ing for manufacturing the inventive metal casing which
is provided with the slot antenna. The meander-shaped
slot 158 is provided in the main surface 151 and in the
lower side wall 157, and the meander-shaped slot 158
ends at the lower edge of the lower side wall 157 as
shown in Figures 1 to 3, thus forming a terminal portion
159 at the lower side wall 157, the function thereof is
described below in detail. However, it is obvious for a
person skilled in the art after studying the present spec-
ification that alternative configurations are possible.
[0014] The metal sheet 150 is made of conductive met-
al or any other suitable conductive material or material
composition. It is also possible that the metal sheet 150
includes a resin or ceramic layer which is plated with
copper or silver or any other conductive materials. The
term "metal casing" is used to describe a conductive cas-
ing. However, other conductive materials or material
compositions can be used instead of metal.
[0015] The total length of the meander-shaped slot 158
is about 1/2 of the wavelength λ of the used frequency.
The width and depth of the slot 158 is about 1/50 or more
of said wavelength. However, other configurations (in-
stead of the meander-shaped configuration) and dimen-
sions can be used is appropriate and described with re-
spect to other preferred embodiments.
[0016] Further, the top and lower side walls 156, 157
are provided with projections or elongated pins 160a to
160d for mounting the formed metal casing 101 to the
printed circuit board 102 (see Figures 1 to 3) of the wire-
less RF module. However, other means for attaching the
metal casing 101 to the printed circuit board 102 are pos-
sible and obvious for a person skilled in the art.
[0017] Figure 2 shows a perspective view from above
of the wireless RF module 100 of Figure 1 after assembly
thereof, i.e., after the metal casing 101 is attached to the
top surface of the printed circuit board 102. According to
a first embodiment, the metal casing 101 is attached to
the printed circuit board 102 by means of the projections
160a to 160d formed at the upper and lower side walls
156 and 157 of the metal casing. It is obvious that said
projections can also be formed at the left and right side
walls 154 and 155, or at all side walls. For attachment
and to assist correct alignment of the casing 101 with the
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circuit board 102, the front and rear edges (and/or the
left and right edges) of the printed circuit board 102 are
provided with corresponding recesses 110a to 110d
which are adapted for receiving the projections 160a to
160d as best shown in Figure 2.
[0018] It is obvious from Figure 2 that the outer dimen-
sions of the metal casing 101 defined by the bent side
walls 154, 155, 156, 157 correspond to or are slightly
smaller than the outer dimensions of the printed circuit
board 102. Thus, it is possible to mount the metal casing
101 onto the printed circuit board 102 wherein the lower
edges/bottom surfaces of the casing sidewalls 154, 155,
156, 157 abut against the upper surface of the printed
circuit board 102.
[0019] The printed circuit board 102 is made of non-
conductive material, such as epoxy resin, and (as shown
schematically in Figure 1 and 2) at least the upper surface
of the printed circuit board 102 is provided with a con-
ducting layer 120 which forms, after a suitable etching
process, at least part of the wiring for the RF circuit and
a coplanar waveguide (details are described below).
Preferably, the lower surface of the printed circuit board
102 is also provided with a conductive layer to form at
least part the wiring of the electronic circuit, i.e. the elec-
tronic components 103a, 103b, 103c, provided on the
printed circuit board 102, and/or the ground element for
a coplanar waveguide, as described below. However,
alternative wiring solutions are possible. For example,
the wiring for the electronic components 103a, 103b and
103c could be provided or embedded within the non-con-
ductive material of the printed circuit board. This is, the
printed circuit board 102 may have a multi-layer config-
uration comprising a plurality of non-conductive layers
and layers with conducting paths and/or conducting
ground layers disposed therebetween.
[0020] As further shown in Figures 1 and 2, the con-
ductive layer 120 at the upper surface of the printed circuit
board at least partially extends up to the outer edges of
the printed circuit board 102. Thus, after assembly, as
shown in Figure 2, the lower edges (the bottom surfaces
of these edges) of the metal casing sidewalls which abut
against the top surface of the printed circuit board are at
least partially in conductive contact with the conductive
layer 120 on the top surface of the printed circuit board
102. In one embodiment, the recesses 110a to 110d for
receiving the projections 160a to 160d are provided with
a conductive (metal) liner which is in electric contact with
the top conductive layer 120 of the printed circuit board
102. Thus, the electric coupling between the casing 101
and the conductive layer 120 is improved because of the
electric contact between the projections 160a to 160d
and the conductive liners in the recesses 110a to 110d
which are in electric contact with the top conductive layer
120. Further, the metal casing 101 can be attached to
the top conductive layer 120 by welding, i.e., welding
points or welding beads can be made at the projections
160a-160d and the conductive liners in the recesses
110a-110d and/or at the contact areas between the cas-

ing 101 and the top conductive layer 120. Alternatively
or additionally, the length of the projections 160a-160d
can be elongated such that the lower ends of projections
can be bent around the lower edges towards the bottom
surface of the printed circuit board 102 (similar to the
embodiment shown in Figures 4 and 5). In this case,
welding is not required as the contact forces between the
lower edges/bottom surfaces of the sidewalls of the metal
casing 101 and the top conductive layer 120 of the printed
circuit board 102 are sufficient to provide the required
electric contact.
[0021] In addition, a coplanar waveguide 125 is pro-
vided at the upper surface of the printed circuit board, a
first end of which is connected to the RF input/output of
the RF circuit, and in particular to the electronic compo-
nent 103a, as shown in Figure 1. The coplanar waveguide
125 is formed by an elongated strip element 130 formed
in the conductive layer 120. Additionally, the non-con-
ductive circuit board 102 and (preferably) a conductive
ground layer (not shown) at the bottom of the circuit board
are used for forming the coplanar waveguide 125. In the
embodiment of Figure 1, the conductive strip element
130 is formed by etching an elongated strip in the con-
ductive layer 120. In other words, insulation areas or in-
sulation grooves 135 for isolating the strip element 130
against the remaining surface of the conductive layer 120
are made by etching or other known methods. As obvious
from Figure 1, the input/output end of the conductive strip
130 (i.e. first end) is electrically connected to the elec-
tronic RF circuit (e.g. electronic component 103a). The
dimensions of the conductive strip 130 (i.e. shape, length,
thickness, and width thereof, and thickness of the non-
conductive material of the printed circuit board 102) de-
pend on the frequency of the signals to be transmitted,
the impedance of the electronic RF circuit, and other pa-
rameters. Further, the coplanar waveguide 125 (i.e. the
conductive strip 130) is open-ended with a distance (de-
fined by the gap 140) to the right edge of the printed
circuit board 102 (see Figure 1). In Figure 1, the coplanar
waveguide 125 extends from the electronic component
103a towards the front edge of the circuit board, and is
curved with an angle of 90° to extend in parallel to the
front edge of the circuit board. However, other configu-
rations are possible. The length of the conductive strip
130 (defined by the length of gap 140 at the second end
of the strip 130 opposite to the first end thereof) is ad-
justed with the goal that, at the position of a recess 170
(see Figure 1) for feeding the signals into the slot antenna
158 formed in the metal casing 101, a maximum coupling
to the slot antenna 158 is achieved after assembly. De-
tails of the coupling features are described below.
[0022] It is noted that this invention is not limited to
using a coplanar waveguide 125 as the coupling element
to the slot antenna 158, any other transmission line like
micro-strips etc. can be used similarly.
[0023] In contrary to the prior art solutions, the feeding
mechanism between the coplanar waveguide 125 and
the slot antenna 158 according to the present invention
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can be realized without soldering an additional part of
the metal casing 101 to the printed circuit board 102 of
the wireless RF module 100, but by providing a coplanar
RF wave guide 125 coupled to an opening or recess 170
which is provided at the top conductive layer 120 of the
printed circuit board 102 which recess is adapted for com-
munication with the slot antenna as described in detail
below. In other words, the RF signals from the electronic
RF circuit (e.g. electronic component 103a) provided at
the printed circuit board are transmitted by means of re-
cess 170 which is coupled to the coplanar waveguide
into the slot antenna 158 of the metal casing 101. It is
obvious from the above explanations and from Figures
1 and 2 that, as an important feature, the terminal portion
159 of the slot antenna 8 is in alignment with the recess
170 for transmission of signals between the slot antenna
and the coplanar waveguide.
[0024] In Figures 1 and 2, and in particular in the en-
circled enlarged views A and B of Figures 1 and 2, the
first embodiment of the implementation of such a feeding
mechanism for transmission of signals between the slot
antenna 158 and the coplanar waveguide 125 is shown.
As mentioned above, the conductive strip 130 is provided
on the printed circuit board 102, wherein the conductive
strip 130 is isolated at both longitudinal sides thereof
against the remaining area of the top conductive layer
120 by means of insulation areas or grooves 135 etched
in the conductive layer 120. Thereby, at both longitudinal
sides, conductive areas are provided which are insulted
against the conductive strip portion 130 of the coplanar
waveguide 125. Such a configuration is conventional in
the technical area of coplanar waveguides. In the em-
bodiment of Figures 1 and 2, a conductive elongated strip
portion 136 is provided between the front edge of the
circuit board 102 and the insulation groove 135 of the
coplanar wave guide 125. Further, an opening or recess
170 is formed in the conductive elongated strip portion
136, for example by means of etching or similar tech-
niques. Therefore, the recess 170 is as a non-conductive
(isolating) area between the insulation groove 135 and
the front edge of the printed circuit board 102. In the first
embodiment, the recess 170 has a tapered configuration,
i.e., the recess 170 is tapered from the insulation groove
135 towards the front edge of the printed circuit board.
[0025] Said recess 170 is arranged in alignment with
the terminal portion 159 of the slot antenna 158 formed
in the metal casing 101, after assembly of the RF module
100. Thus, as shown in the enlarged view B of Figure 2,
the width of the groove of the slot antenna 158 and the
width of the terminal portion 159 correspond to the width
of the narrow end of the tapered recess 170. Therefore,
improved coupling between the coplanar waveguide 125
and the slot antenna 158 can be achieved. In summary,
the recess 170 and the terminal portion 159 of the slot
antenna 125 are adapted to provide a feeding mecha-
nism between the coplanar waveguide 125 and the slot
antenna 158.
[0026] The non-conductive gap 140 (i.e. by varying the

length thereof) is used for tuning the efficiency of feeding
RF waves from the coplanar waveguide 125 into the re-
cess 170 and, therefore, into the slot antenna 158.
[0027] Figure 4 shows an exploded and perspective
view from above of a wireless RF module 200 according
to a second embodiment of the present invention, and
Figure 5 shows a perspective view of said wireless RF
module of Figure 4 after assembly. In these Figures, cor-
responding reference numbers (the value 100 has been
added to the reference numbers in Figures 1 to 3) are
used.
[0028] As shown in Figures 4 and 5, the wireless RF
module 200 also includes a metal casing 201 and a print-
ed circuit board 202 as in the embodiment of Figures 1
and 2. The metal casing 201 is made by means of a
procedure as described with reference to Figure 3.
[0029] As can be seen in Figures 4 and 5, a meander-
shaped slot 258 is formed in the metal casing 201 by
punching, for example, as described with reference to
Figures 1 to 3. The meander-shaped slot 258 is longer
than the slot 158 in Figures 1 to 3, i.e. comprises more
turns. Thus, the antenna of the second embodiment can
be used for lower frequencies. Due to crosstalk between
the different turns, careful layout can lead to a multi-band
capability in addition to the lower operating frequency.
[0030] Similar to Figures 1 to 3, the top and lower side
walls 256, 257 are provided with projections or elongated
pins 260a to 260d for mounting the formed metal casing
201 to the printed circuit board 202 (see Figure 5) of the
RF module. According to the second embodiment, the
metal casing 201 is attached to the printed circuit board
202 by means of the projections 260a to 260d formed at
the upper and lower side walls 256 and 257. It is obvious
that said projections can also be formed at the left and
right side walls, or at all side walls. To assist correct align-
ment of the casing 201 with the printed circuit board 202
and to improve connection therebetween, the front and
rear edges (and/or the left and right edges) of the printed
circuit board 202 are provided with corresponding de-
pressions 280a to 280d having a depth corresponding to
the thickness of the metal casing 201 and which are
adapted for receiving the broader portions of the projec-
tions 260a to 260d as best shown in Figure 5.
[0031] As can be seen in Figure 5, the length of the
projections 260a to 260d is sufficient such that the lower
ends of projections can be bent around the lower edges
of the printed circuit board 202 towards the bottom sur-
face thereof. In addition to this attachment method, ad-
ditional welding can be used to improve the attachment,
however, welding is not required as the contact forces
between the lower edges/bottom surfaces of the side-
walls of the casing 201 and the top conductive layer of
the printed circuit board 202 are sufficient to provide the
required electric contact.
[0032] The coplanar waveguide 225 is similar to that
described in connection with Figures 1 and 2. Thus, a
detailed description is omitted.
[0033] In Figures 4 and 5, and in particular in the en-

7 8 



EP 1 950 834 A1

6

5

10

15

20

25

30

35

40

45

50

55

circled enlarged views A and B of Figures 4 and 5, it can
be seen that the opening or recess 270 has a rectangular
configuration, instead of the tapered shape as in the first
embodiment. Further, as shown in the enlarged view B
of Figure 5, the width of the groove of the slot antenna
258 and the width of the terminal portion 259 corresponds
to the width of the rectangular recess 270. Also in this
embodiment, the recess 270 in combination with the ter-
minal portion 259 form the feeding mechanism as de-
scribed with respect to the first embodiment.
[0034] Figure 6 shows an exploded and perspective
view from above of a wireless RF module according to a
third embodiment of the present invention, wherein Fig-
ure 6A shows a modified version of the wireless RF mod-
ule of Figure 6. Figures 7 and 7A show the wireless RF
module of Figures 6 and 6A after assembly. In these Fig-
ures, corresponding reference numbers (the value 100
has been added to the reference numbers in Figures 4
to 5) are used. The features not described regarding the
third embodiment correspond to the first and second em-
bodiment, thus, the description thereof is omitted.
[0035] The RF module 300 according to the third em-
bodiment is similar to the first and second embodiment.
However, as shown, the slot antenna 358 has a simple
tapered slot configuration leading to a wider operating
bandwidth. With respect to the other features, in partic-
ular the coplanar waveguide 325, the third embodiment
is similar to the first and second embodiments. It is noted
that in the third embodiment, a tapered recess 370 and
a rectangular recess can be used (see Figure 4). Another
difference relates to the means for attaching the metal
casing 301 to the printed circuit board 302. As shown in
Figures 6 and 7, the metal casing is provided with pro-
jections 360a to 360d which are adapted to be inserted
into corresponding holes 311a to 311d having a circular
or rectangular cross section. The projections may have
a sufficient length to be bent at the bottom surface of the
printed circuit board. Additionally or alternatively, the
metal casing can be welded to the printed circuit board
(see weld beads 399 in Figures 7 and 7A). In case of
welding, the projections and the holes may serve as
means for correct alignment between the casing and the
circuit board.
[0036] Figure 8 shows an exploded and perspective
view from above of a wireless RF module 400 according
to a fourth embodiment of the present invention, and Fig-
ure 9 shows the wireless RF module 400 of Figure 8 after
assembly. It is obvious from these figures that the general
configuration of the fourth embodiment is similar to that
of the previous embodiments. Thus, a detailed descrip-
tion is omitted. The slot antenna 458 has a configuration
similar to that of Figures 4 and 5.
[0037] Similar to Figures 4 and 5, the top and lower
side walls are provided with projections 460a to 460d for
mounting the metal casing 401 to the printed circuit board
402 of the RF module. Further, the front and rear edges
of the printed circuit board 402 are provided with corre-
sponding depressions 410a to 410d having a depth cor-

responding to the thickness of the metal casing 401 and
which are adapted for receiving the projections 460a to
460d as best shown in Figure 9. Welding is used for se-
curing the metal casing 401 to the printed circuit board
402 (see welding beads in Figure 9). Further, it is noted
that in the fourth embodiment, a tapered recess and a
rectangular recess for coupling the coplanar waveguide
with the slot antenna can be used as described with ref-
erence to the previous embodiments.
[0038] Figure 10 shows an exploded and perspective
view from above of a wireless RF module 500 according
to a fifth embodiment of the present invention, and Figure
11 shows a perspective view of the wireless RF module
of Figure 10 after assembly. As can be seen from these
figures, the slot antenna 558 has the same configuration
as in Figures 6, 6A, 7 and 7A. Similar to the fourth em-
bodiment, also in the fifth embodiment, a tapered recess
and a rectangular recess 570 for coupling the coplanar
waveguide with the slot antenna 558 can be used. How-
ever, in the fifth embodiment, the metal casing 501 does
not have any projections for securing the casing 501 to
the printed circuit board 502. Instead, the metal casing
501 is welded to the circuit board (see welding beads
599).

Claims

1. Wireless radio-frequency module (100; 200; 300;
400; 500) comprising:

- a printed circuit board (102; 202; 302; 402; 502)
provided with an electric radio-frequency circuit
(103a, 103b, 103c);
- a metal casing (101; 201; 301; 401; 501)
mounted to the printed circuit board; and
- a slot antenna (158; 258; 358; 458; 558) formed
in the metal casing;

characterized in that

- the printed circuit board (102; 202; 302; 402;
502) being provided with a coplanar waveguide
(125; 225; 325; 425; 525);
- the coplanar waveguide (125; 225; 325; 425;
525) being coupled to the radio-frequency cir-
cuit; and
- the coplanar waveguide (125; 225; 325; 425;
525) being coupled to the slot antenna (158;
258; 358; 458; 558) by means of a feeding mech-
anism (170; 270; 370; 470; 570; 159; 259; 359;
459; 595).

2. Wireless radio-frequency module of claim 1, wherein
the metal casing (101; 201; 301; 401; 501) is formed
by a metal sheet (150) comprising a rectangular main
surface (151), left and right side walls (154, 155),
and upper and lower side walls (156, 157).
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3. Wireless radio-frequency module of claim 2, wherein
the left and right side walls (154, 155), and the upper
and lower side walls (156, 157) are bent, such that
the side walls (154, 155, 156, 157) extend substan-
tially perpendicular to the main surface (151) to form
the metal casing (101; 201; 301; 401; 501) having a
cubic configuration with an open bottom.

4. Wireless radio-frequency module of any of the pre-
ceding claims, wherein the slot of the slot antenna
(158; 258; 358; 458; 558) is formed by punching or
etching a metal sheet (150) prior to forming the metal
sheet (150) into the metal casing (101; 201; 301;
401; 501).

5. Wireless radio-frequency module of any of the pre-
ceding claims, wherein the slot is formed in main
surface (151) and at a side wall (157) of the metal
casing (101; 201; 301; 401; 501), and ends at the
lower edge of said side wall (157) thus forming a
terminal portion (159) at said side wall (157).

6. Wireless radio-frequency module of any of the claims
2 to 5, wherein the top and lower side walls (156,
157) and/or the left and right side walls (154, 155)
are provided with projections (160a, 160b, 160c,
160d; 260a, 260b, 260c, 260d; 360a, 360b, 360c,
360d; 460a, 460b, 460c, 460d) for mounting the
formed metal casing (101; 201; 301; 401) to a printed
circuit board of the circuit module.

7. Wireless radio-frequency module of any of the claims
2 to 6, wherein the metal sheet (150) is made of
conductive metal or any other suitable conductive
material or material composition.

8. Wireless radio-frequency module of any of the claims
2 to 7, wherein the metal sheet (150) is made of a
resin layer which is plated with copper or silver or
any other conductive materials.

9. Wireless radio-frequency module of any of the pre-
ceding claims, wherein the slot of the slot antenna
has a total length of about 1/2 of the wavelength λ
of the used frequency.

10. Wireless radio-frequency module of any of the pre-
ceding claims, wherein the slot of the slot antenna
has a width and depth of about 1/50 or more of the
used wavelength.

11. Wireless radio-frequency module of any of the pre-
ceding claims, wherein the radio-frequency circuit of
the printed circuit board comprises several electronic
components (103a, 103b, 103c) for providing a
transceiver circuit.

12. Wireless radio-frequency module of any of the pre-

ceding claims, wherein the metal casing (101; 201;
301; 401; 501) is mounted onto the printed circuit
board (102; 202; 302; 402; 502) with the bottom sur-
faces of the casing sidewalls abut against the top
surface of the printed circuit board.

13. Wireless radio-frequency module of any of the pre-
ceding claims, wherein the printed circuit board (102;
202; 302; 402; 502) is provided with a coplanar wave
guide (125; 225; 325; 425; 525) that is coupled to a
recess (170; 270; 370; 470; 570) formed on the print-
ed circuit board for feeding RF signals from the RF
circuit into the slot antenna (158; 258; 358; 458; 558)
of the casing (101; 201; 301; 401; 501).

14. Wireless radio-frequency module of any of the pre-
ceding claims, wherein the slot antenna (158; 258;
358; 458; 558) is provided with a terminal portion
(159; 259; 359; 459; 559) at an outer edge of the
metal casing which is in communication with the co-
planar waveguide (125; 225; 325; 425; 525).

15. Wireless radio-frequency module of any of the pre-
ceding claims, wherein the slot antenna (158; 258;
358; 458; 558) is provided with a terminal portion
(159; 259; 359; 459; 559) at an outer edge of the
metal casing, and the coplanar waveguide (125; 225;
325; 425; 525) is formed with a recess (170; 270;
370; 470; 570) being arranged in alignment with the
recess (170; 270, 370; 470; 570) for coupling the
coplanar waveguide of the printed circuit board to
the slot antenna (158; 258; 358; 458; 558) of the
metal casing.

16. Wireless radio-frequency module of any of the pre-
ceding claims, wherein the upper surface of the print-
ed circuit board is provided with a conducting layer
(120), the coplanar waveguide being formed by said
conducting layer (120).

17. Wireless radio-frequency module of any of the pre-
ceding claims, wherein the feeding mechanism com-
prises a recess (170; 270; 370; 470; 570) having a
rectangular or a tapered configuration.

18. Wireless radio-frequency module of any of the pre-
ceding claims, wherein the slot antenna (158; 258;
458) has meander-shaped configuration.

19. Wireless radio-frequency module of any of the pre-
ceding claims, wherein the slot antenna (358; 558)
has linear and tapered configuration.

11 12 



EP 1 950 834 A1

8



EP 1 950 834 A1

9



EP 1 950 834 A1

10



EP 1 950 834 A1

11



EP 1 950 834 A1

12



EP 1 950 834 A1

13



EP 1 950 834 A1

14



EP 1 950 834 A1

15



EP 1 950 834 A1

16



EP 1 950 834 A1

17



EP 1 950 834 A1

18



EP 1 950 834 A1

19



EP 1 950 834 A1

20



EP 1 950 834 A1

21



EP 1 950 834 A1

22



EP 1 950 834 A1

23

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 20040137971 A1 [0003]
• WO 02095869 A1 [0004]

• US 20050237251 A1 [0004]


	bibliography
	description
	claims
	drawings
	search report

