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(54) HYBRID MONOPOLE SLOT ANTENNA

(57) A novel antenna topology is proposed. The nov-
el antenna topology is realized for example in a printed
circuit board comprising at least a first and a second layer,
the first layer being essentially non-conductive, the sec-
ond layer being essentially conductive. A microstrip line
fed conductive surface is etched in the first layer, and a
non-conductive surface is etched in the second layer,
one of either the conductive surface or the non-conduc-
tive surface surrounding the other, resulting in an interval
between the conductive surface and the non-conductive
surface in the plane of the printed circuit board. The novel
antenna called hybrid monopole slot antenna preserves
some interesting properties of the known annular slot an-
tenna while improving the operating frequency range
compared to the annular slot antenna.
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Description

1. TECHNICAL FIELD

[0001] The present disclosure relates to an antenna
adapted to be integrated in an apparatus for receiving a
digital signal.

2. BACKGROUND ART

[0002] A slot antenna consists of a metalized surface
with one or more holes or slots cut out. When the metal-
ized surface is driven as an antenna by a driving frequen-
cy, the slot radiates electromagnetic waves in a way sim-
ilar to a dipole antenna. The shape and the size of the
slot determine the radiation pattern. Annular slot antenna
(ASA) are examples of known slot antenna wherein the
slot is annular. The ASA is an interesting simple, low cost,
easy to manufacture planar microstrip printed antenna
with a compact shape factor and almost an omnidirec-
tional radiation pattern when used with a finite ground
plane. Despite of other interesting properties such as a
natural decoupling between the antenna and the rest of
the circuits thanks to the metalized surface, the operating
frequency range of the ASA remains relatively limited
though better than the patch antenna. A printed monop-
ole antenna is another simple low cost known antenna
presenting a wider operating frequency range than the
ASA, but generally requiring a larger ground plane. Inte-
grating a printed monopole antenna in a device also rais-
es coupling issues with the rest of the circuits of the de-
vice. The present disclosure has been designed with the
foregoing in mind.

3. SUMMARY

[0003] A novel antenna topology is proposed. The nov-
el antenna topology is realized for example in a printed
circuit board comprising at least a first and a second layer,
the first layer being essentially non-conductive, the sec-
ond layer being essentially conductive. A microstrip line
fed conductive surface is etched in the first layer, and a
non-conductive surface is etched in the second layer,
one of either the conductive surface or the non-conduc-
tive surface surrounding the other, resulting in an interval
between the conductive surface and the non-conductive
surface in the plane of the printed circuit board. The novel
antenna called hybrid monopole slot antenna preserves
some interesting properties of the known annular slot an-
tenna while improving the operating frequency range
compared to the annular slot antenna.
[0004] To that end a printed circuit board antenna is
disclosed. The printed circuit board antenna comprises
a first layer and a second layer, the first layer comprising
a conductive track connected to a conductive surface,
the second layer comprising a non-conductive surface
within a conductive area, wherein one of either the con-
ductive surface or the non-conductive surface is sur-

rounding the other, the conductive surface and the non-
conductive surface being centred in the plane of the print-
ed circuit board antenna.
[0005] According to a variant, the conductive surface
and the non-conductive surface have a same shape.
[0006] According to another variant, the shape is a
disc.
[0007] According to another variant, the non-conduc-
tive surface and the conductive surface form an interval
of a constant width in the plane of the printed circuit board.
[0008] According to another variant, the constant width
is five millimetres.
[0009] According to another variant, the non-conduc-
tive surface and the conductive surface form an interval
of variable width in the plane of the printed circuit board.
[0010] According to another variant, the first layer is a
top layer of the printed circuit board antenna.
[0011] According to another variant, the first layer is
one of any of internal conductive layers of the printed
circuit board antenna.
[0012] According to another variant, the second layer
is a bottom layer of the printed circuit board antenna.
[0013] According to another variant, the second layer
is one of any of internal conductive layers of the printed
circuit board antenna.
[0014] According to another variant, the non-conduc-
tive surface is surrounding the conductive surface in the
plane of the printed circuit board antenna.
[0015] According to another variant, the printed circuit
board comprises a third layer with a second non-conduc-
tive surface within a second conductive area, the second
non-conductive surface being centred with the conduc-
tive surface and the non-conductive surface, the second
non-conductive surface surrounding the conductive sur-
face in the plane of the printed circuit board antenna.
[0016] According to another variant, the second non-
conductive surface and the non-conductive surface have
different sizes.
[0017] In a second aspect, a digital television receiver
integrating an antenna according any of the above variant
is also disclosed.
[0018] While not explicitly described, the present em-
bodiments may be employed in any combination or sub-
combination. For example, the present principles are not
limited to the described variants, and any arrangement
of variants and embodiments can be used. Moreover,
the present principles are not limited to the described
shape examples and any other type of shape for the con-
ductive and non-conductive surfaces is compatible with
the disclosed principles. The present principles are fur-
ther not limited to the described numbers of layers of the
printed circuit board antenna and are applicable to any
arrangement of any number of layers of a printed circuit
board antenna.

4. BRIEF DESCRIPTION OF THE DRAWINGS

[0019]
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- Figure 1 illustrates an annular slot antenna accord-
ing to the prior art;

- Figure 2 shows a hybrid monopole slot antenna ac-
cording to a specific and non-limiting embodiment of
the disclosed principles;

- Figure 3A and 3B shows simulation results for a
hybrid monopole slot antenna, according to a spe-
cific and non-limiting embodiment;

- Figure 4 shows five examples of antenna according
to five specific and non-limiting embodiments of the
disclosed principles;

- Figure 5 shows three further examples of antenna
according to three specific and non-limiting embod-
iments of the disclosed principles;

- Figure 6 shows four further examples of antenna
according to four specific and non-limiting embodi-
ments of the disclosed principles.

[0020] It should be understood that the drawing(s) are
for purposes of illustrating the concepts of the disclosure
and are not necessarily the only possible configuration
for illustrating the disclosure.

5. DESCRIPTION OF EMBODIMENTS

[0021] The present description illustrates the principles
of the present disclosure. All examples and conditional
language recited herein are intended for educational pur-
poses to aid the reader in understanding the principles
of the disclosure and the concepts contributed by the
inventor to furthering the art, and are to be construed as
being without limitation to such specifically recited exam-
ples and conditions.
[0022] Moreover, all statements herein reciting princi-
ples, aspects, and embodiments of the disclosure, as
well as specific examples thereof, are intended to en-
compass both structural and functional equivalents
thereof. Additionally, it is intended that such equivalents
include both currently known equivalents as well as
equivalents developed in the future, i.e., any elements
developed that perform the same function, regardless of
structure. Thus, for example, it will be appreciated by
those skilled in the art that the block diagrams presented
herein represent conceptual views of illustrative circuitry
embodying the principles of the disclosure.
[0023] Figure 1 illustrates an annular slot antenna ac-
cording to the prior art. Figure 1 shows three schematic
views of the ASA 10. The two left hand views 10A, 10B
represent respectively a top side 10A and a bottom side
10B of the ASA 10. The right-hand view represents the
elements present both at the top and bottom sides of the
ASA 10. The bottom side of the ASA 10 is a conductive
ground plane 12 comprising an annular slot 110. The top
side of the ASA is a non-conductive substrate 11 com-
prising a metallized microstrip line 120. When the met-
allized microstrip line 120 is driven by a signal at a given
frequency, the annular slot 110 radiates electronic waves
in a way similar to a dipole antenna. The slot nature of

the ASA presents also some interesting features, such
as, the easy integration of active devices in the slot for
radiation pattern or frequency reconfiguration of the an-
tenna. Another advantage of a slot antenna such as the
ASA is the natural decoupling between the antenna and
the rest of the circuits which could be realized either on
the space available backside of the ground plane where
the radiating slot is etched or on a separate printed circuit
board (PCB) which is shielded by the slot ground plane.
This makes the ASA antenna a good candidate for being
integrated in electronic devices such as communication
devices.
[0024] The term "slot" is used throughout the disclosed
principles to refer to a non-conductive area etched in a
conductive area within a same layer of for example a
PCB. The slot represents a hole cut out of for example
a metal surface.
[0025] Figure 2 shows a Hybrid Monopole Slot (HMS)
antenna according to a specific and non-limiting embod-
iment of the disclosed principles. According to the spe-
cific and non-limiting embodiment, the HMS antenna 20
is a printed circuit board antenna comprising a first layer
20A and a second layer 20B separated by a non-con-
ductive substrate. The first layer 20A comprises a con-
ductive track 221 feeding a conductive surface 220. The
first layer is for example made of a non-conductive sub-
strate 21, on which a conductive track such as a micro-
strip line 221 and a conductive surface 220 are printed,
the conductive track 221 being connected to the conduc-
tive surface 220. In another example, the conductive
track and the conductive surface are etched on the PCB.
In yet another example, the conductive track and the con-
ductive surface are stuck on the PCB. The conductive
surface is for example a metallized surface of any shape,
for example a disc shape as illustrated. Figure 2 shows
the microstrip line and the conductive surface as the only
conductive elements printed on the non-conductive sub-
strate. However, any first layer comprising other conduc-
tive elements such as conductive tracks between com-
ponents or circuits (not represented in Figure 2) are also
compatible with the disclosed principles. The second lay-
er 20B comprises a non-conductive surface 210 embed-
ded in a conductive area. The conductive area at least
surrounds the non-conductive surface. The non-conduc-
tive surface 210 is for example etched from a fully con-
ductive layer 22. In other words, the second layer 20B is
fully conductive except the surface 210 being etched in
the conductive layer 22. Partially conductive layers, for
example, comprising areas of conductive surfaces
(wherein one of them surrounds the non-conductive sur-
face), although not being fully conductive are also com-
patible with the disclosed principles. The second layer
needs only to be sufficiently conductive to serve for ex-
ample as a ground layer in a PCB.
[0026] According to the specific and non-limiting em-
bodiment of the disclosed principles, one of either the
conductive surface 220 or the non-conductive surface
210 is surrounding the other, the conductive surface 220
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and the non-conductive surface 210 being centred in the
plane of the printed circuit board antenna 20. An interval
211 between the non-conductive surface 210 and the
conductive surface 220 results from one of either the con-
ductive surface 220 or the non-conductive surface 210
being surrounding the other. By "surrounding" it is meant
here and throughout the document that one surface is
overlapping the other in the plane of the PCB. In other
words, when looking at projections of both surfaces in
the plane of the PCB, one projected surface is completely
included in the other. The interval between the non-con-
ductive surface 210 and the conductive surface 220 of
different layers of the PCB antenna behaves as a slot
antenna by radiating electromagnetic waves. The inter-
val although behaving as a slot, differs from a slot as an
interval is a hole between conductive surfaces of different
layers while a slot is a hole within a conductive surface
of same layer.
[0027] According to a first variant, (represented in Fig-
ure 2), the non-conductive surface 210 is surrounding
the conductive surface 220 in the plane of the PCB, form-
ing an interval 211 between the conductive 220 and the
non-conductive 210 surfaces. Said differently, a projec-
tion of the conductive surface 220 in the plane of the PCB
is included in the projection of the non-conductive surface
210 in the same plane of the PCB. According to a second
variant (not represented in Figure 2), the conductive sur-
face 220 is surrounding the non-conductive surface 210
in the plane of the PCB, also forming an interval 211
between the conductive 220 and the non-conductive 210
surfaces. The interval between 211 between the conduc-
tive 220 and the non-conductive 210 surfaces of the HMS
antenna behaves as a slot in a slot antenna, by radiating
electromagnetic waves when the conductive track is driv-
en by a signal.
[0028] According to this specific and non-limiting em-
bodiment, the conductive surface 220 and the non-con-
ductive surface 210 have a same shape, being a disc (as
represented in Figure 2). Other shapes (as represented
further in Figures 4 and 6) are compatible with the dis-
closed principles. Moreover, a HMS antenna with a con-
ductive surface and a non-conductive surface of different
shapes, wherein one of the surface is surrounding the
other, is also compatible the disclosed principles.
[0029] In a specific variant, the first layer 20A is the top
layer of the printed circuit board antenna, and/or the sec-
ond layer 20B is the bottom layer of the printed circuit
board antenna. The top and bottom layers are the two
external layers of the PCB, being respectively the front
and the back side of the PCB. The disclosed principles
are not limited to PCBs with the first and the second layers
20A, 20B being external layers. Any PCB wherein one
or both of the first and the second layers are internal
layers of the PCB is also compatible with the disclosed
principles.
[0030] According to the specific variant, the HMS an-
tenna 20 is composed of a microstrip line fed circular
conductive disc 220 etched on one side of a PCB and a

circular non-conductive disc slot 210 realized on the other
side (the ground side) of the substrate. The sizing of the
HMS antenna is so that the non-conductive circular disc
slot 210 and the conductive circular disc 220 are aligned
in the (x,y) plane, while the diameter of the first is 10 mm
larger than the diameter of the second and so that the
interval 211 generated between the circular disc etched
on one side of the substrate and the circular slot realized
on the other side presents almost the same dimensions
as the slot of a regular ASA.
[0031] Figure 3A and 3B show simulation results for
a HMS antenna designed for a central frequency around
600MHz, according to a specific and non-limiting embod-
iment.
[0032] The antenna is printed on a commonly used
FR4 (Flame Resistant 4) substrate (εr = 4.2, tan(δ) = 0.02)
with a thickness of 1.041mm. The PCB is a square of
300mm by 300mm. The diameter of the disc (conductive
surface) is 160 mm. The width of the interval between
both discs is constant and about 5 mm. Figure 3A shows
proposed antenna input reflection coefficient magnitude
in dB compared from one side, to an "equivalent" regular
ASA (with the exact same dimensions and excited
through microstrip to slot line quarter-wave transition)
and, on the other side a monopole (with the same dimen-
sions and ground-disc distance of 5mm). As it can be
noticed, the HMS antenna has a performance similar to
an ASA however with a wider bandwidth. This can also
be seen from the radiation efficiency given in Figure 3B,
showing a comparison of the radiation efficiency over the
frequency band for the HMS, the ASA and the monopole
antenna. Although the Monopole antenna shows a wider
radiation efficiency than the ASA or the HMS, it does not
provide the same advantages as the ASA. The HMS an-
tenna is advantageous compared to the existing antenna
because it preserves the advantages of the ASA (omni-
directional pattern, natural decoupling of the antenna with
the rest of the circuits) and provides an increased radia-
tion efficiency compared to the ASA. Increasing the ra-
diation efficiency in the lower frequencies (around 200
MHz) is particularly interesting as it allows to reduce the
size of the antenna (for a same level of performance)
facilitating its integration in a device. As the HMS antenna
provides the same omnidirectional radiation pattern as
the ASA, the same natural decoupling properties with an
increased radiation efficiency in the lower frequencies,
the HMS antenna is a very good omnidirectional antenna
solution for being integrated in a device.
[0033] According to a specific and non-limiting embod-
iment, the antenna is designed for a central frequency
around 600MHz, corresponding for example to a digital
terrestrial transmission frequency band. The PCB anten-
na is for example a square of 300mm by 300mm, the
diameter of the conductive disc (conductive surface) is
160 mm, and the diameter of the non-conductive disc is
170 mm. This antenna design is for example well suited
for being integrated in digital TV receivers so that the TV
receivers, with integrated HMS antenna are adapted for
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an indoor TV reception without requiring any external or
outdoor antenna. The integration a HMS antenna directly
in a digital TV receiver allows for easier deployment of
digital TV receivers by avoiding the need of any external
outdoor antenna solution. The HMS antenna is further
compatible with other frequency bands and suited for be-
ing integrated in other communications devices such as
cell phones, Wi-Fi devices, and wireless access points
of any wireless standard. According to another specific
and non-limiting embodiment, the antenna is designed
for a central frequency around 5GHz, for example corre-
sponding to Wi-Fi devices. To a first approximation, the
dimensions of antenna are adapted to another frequency
band by applying a ratio on its dimensions corresponding
to the ratio of the central frequencies (here 600/5000).
According to this specific and non-limiting embodiment,
a HMS antenna designed for the 5GHz band would fit in
a PCB square of 36 mm by 36 mm and the diameters of
the conductive disc and non-conductive discs being re-
spectively of 19 mm and 20.5 mm. Such an antenna de-
vice can be integrated in wireless devices such a cell
phones, Wi-Fi cards or Wi-Fi access points. Any HMS
design with dimensions adapted to a targeted frequency
is compatible with the disclosed principles.
[0034] Figure 4 shows five examples of HMS antenna
4A, 4B, 4C, 4D, 4E, according to five specific and non-
limiting embodiments of the disclosed principles. All the
HMS examples illustrated at Figure 4 represent conduc-
tive and non-conductive surfaces of a same shape,
wherein the shape is a triangle 4A, a square 4B, a polygon
4C, an ellipse 4D or a ripple 4E.
[0035] Figure 5 shows three examples of HMS anten-
na 5A, 5B, 5C according to three specific and non-limiting
embodiments of the disclosed principles. Figure 5 shows
two HMS antenna 5A, 5B wherein the PCB is a square.
Figure 5 shows a HMS antenna 5C wherein the PCB is
a polygon. Figure 5 also illustrates different positions and
length of the conductive track connected to the conduc-
tive surface.
[0036] Figure 6 shows four examples of HMS antenna
6A, 6B, 6C, 6D according to four specific and non-limiting
embodiments of the disclosed principles. While Figures
2, 4 and 5 show HMS antenna with an interval between
the conductive and the non-conductive surfaces of a con-
stant width, the HMS antenna 6A, 6B, 6C, 6D comprise
an interval 211 between the conductive and the non-con-
ductive surfaces of variable width in the plane of the HMS
antenna. Moreover, the HMS antenna 6C and 6D com-
prise conductive surfaces and non-conductive surfaces
of different shapes. Adjusting the shape, and/or the width
of the interval allow for example to further finetune some
other characteristics of the antenna such as for example
and without limitation the frequency adaptation, the ra-
diating pattern, frequency band efficiency.
[0037] According to a non-illustrated specific and non-
limiting embodiment, the PCB comprises a third layer
with a second non-conductive surface embedded in a
second conductive area, the second non-conductive sur-

face being centred with the surface and the non-conduc-
tive surface, the second non-conductive surface sur-
rounding at least one of the conductive and the non-con-
ductive surfaces in the plane of the printed circuit board
antenna. In a first variant the second non-conductive sur-
face surrounds only one of either the conductive or the
non-conductive surfaces in the plane of the printed circuit
board antenna. In that first variant, the surface being sur-
rounded by the second non-conductive surface is the
smaller surface. In a second variant the second non-con-
ductive surface surrounds only both the conductive or
the non-conductive surfaces in the plane of the printed
circuit board antenna. According to that second variant,
the second non-conductive surface and the non-conduc-
tive surface have different sizes. Adding such additional
layers comprising further non-conductive surfaces as de-
scribed above allows to further expand the frequency
band of the antenna by multiplying resonators to neigh-
bouring frequencies.

Claims

1. A printed circuit board antenna (20, 4A, 4B, 4C, 4D,
4E, 5A, 5B, 5C, 6A, 6B, 6C, 6D) comprising a first
layer (20A) and a second layer (20B), the first layer
(20A) comprising a conductive track (221) connect-
ed to a conductive surface (220), the second layer
(20B) comprising a non-conductive surface (210)
within a conductive area (22), wherein one of either
the conductive surface (220) or the non-conductive
surface (210) is surrounding the other, the conduc-
tive surface (220) and the non-conductive surface
(210) being centred in the plane of the printed circuit
board antenna (20).

2. The antenna according to claim 1, wherein the con-
ductive surface (220) and the non-conductive sur-
face (210) have a same shape.

3. The antenna according to claim 2, wherein the shape
is a disc.

4. The antenna according to claim 2, wherein the shape
belongs to a set comprising a, triangle, a square, a
rectangle, an ellipse, a polygon, a ripple.

5. The antenna according to any of claims 1 to 4, where-
in the non-conductive surface (210) and the conduc-
tive surface (220) form an interval (211) of a constant
width in the plane of the printed circuit board.

6. The antenna according to claim 5 wherein the con-
stant width is five millimetres.

7. The antenna according to claim 1, wherein the non-
conductive surface (210) and the conductive surface
(220) form an interval (211) of variable width in the
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plane of the printed circuit board.

8. The antenna according to any of claims 1 to 7, where-
in the first layer is a top layer of the printed circuit
board antenna.

9. The antenna according to any of claims 1 to 7, where-
in the first layer is one of any of internal conductive
layers of the printed circuit board antenna.

10. The antenna according to any of claims 1 to 9, where-
in the second layer is a bottom layer of the printed
circuit board antenna.

11. The antenna according to any of claims 1 to 9, where-
in the second layer is one of any of internal conduc-
tive layers of the printed circuit board antenna.

12. The antenna according to any of claims 1 to 11,
wherein the non-conductive surface is surrounding
the conductive surface in the plane of the printed
circuit board antenna.

13. The antenna according to any of claims 1 to 12
wherein the printed circuit board comprises a third
layer with a second non-conductive surface within a
second conductive area, the second non-conductive
surface being centred with the conductive surface
and the non-conductive surface, the second non-
conductive surface surrounding the conductive sur-
face in the plane of the printed circuit board antenna.

14. The antenna according to claim 13 wherein the sec-
ond non-conductive surface and the non-conductive
surface have different sizes.

15. A digital television receiver integrating an antenna
according to any of claims 1 to 14.
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