EP 3 700 015 A1

(19) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 3700 015 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
26.08.2020 Bulletin 2020/35

(21) Application number: 19158830.0

(22) Date of filing: 22.02.2019

(51) IntClL:

HO01Q 9/04 (2006.01)
HO01Q 21/06 (2006.01)

H01Q 5/371 (2015.01)

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(71) Applicant: Rohde & Schwarz GmbH & Co. KG
81671 Miinchen (DE)

(72) Inventors:
+ WUNSCHE, Robert
81671 Miinchen (DE)

¢ PRICK, Joachim
81671 Miinchen (DE)

¢ EINHAUS, Michael
81671 Miinchen (DE)

¢ KLINGER, Jens
81671 Miinchen (DE)

(74) Representative: Prinz & Partner mbB

Patent- und Rechtsanwailte
Rundfunkplatz 2
80335 Miinchen (DE)

(54) MULTIBAND PATCH ANTENNA

(57) A multiband patch antenna (10) comprises at
least two different patch fields (16; 24, 26, 28) being of
at least two different patch field types (A, B, C), wherein
at least two of the patch fields (16; 24, 26, 28) have over-
lapping areas (O). The feedpoint (18) is positioned in a

way that, each of the at least two patch fields (16; 24, 26,

28) emits electromagnetic radiation having the frequency
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of the predefined resonance frequency (f, fy, f3) of the
respective patch field (16; 24, 26, 28) and/or a combina-
tion of two or more of the at least two patch field (16; 24,
26, 28) emits electromagnetic radiation having a frequen-
cy of one of the resonance frequencies (fy, f,, f3) or a
further frequency.
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Description

[0001] The invention is concerned with a multiband
patch antenna.

[0002] Multiband patch antennas are known and are
used for wireless communication devices with no exter-
nal antennas, i.e. devices in which the antenna is within
a housing. However, multiband patch antennas are
weakly directional meaning that the emitted electromag-
netic radiation is also radiated deeper into the housing
of the device. This leads to adverse effects, like interfer-
ence with the electronic components within the housing.
[0003] Multiband patch antennas with highly direction-
al radiation characteristics that do not interfere with the
electronic components are usually very thick and thus
occupy valuable space within the housing.

[0004] It is the purpose of the invention to provide a
thin multiband patch antenna with a highly directional ra-
diation characteristic.

[0005] For this purpose, a multiband patch antenna, in
particular a multiband printed circuit board (PCB) anten-
na is provided, comprising a ground plane, at least one
feedpoint, and at least two different patch fields being of
atleasttwo different patch field types, wherein each patch
field type is designed for a different predefined resonance
frequency. At least two of the patch fields have overlap-
ping areas, and the feedpoint is positioned in a way that,
when a feed signal is fed to the feedpoint, each of the at
least two patch fields emits electromagnetic radiation
having the frequency of the predefined resonance fre-
quency of the respective patch field and/or a combination
of two or more of the at least two patch field emits elec-
tromagnetic radiation having a frequency of one of the
resonance frequencies or a further frequency.

[0006] By overlapping several patch fields with differ-
ent resonance frequencies, it is possible to achieve a
highly directional radiation characteristic of the multiband
patch antenna 10.

[0007] Of course, the patch fields emit electromagnetic
radiation in conjunction with the ground plane. However,
for the sake of simplicity, it is referred to that the patch
fields emit the electromagnetic radiation.

[0008] Preferably, the at least two patch fields are free
of cutouts and/or define a continuous antenna area so
that the fabrication of the antenna is simplified.

[0009] The at least two patch fields may have a rec-
tangular geometry and/or the patch fields of the at least
two patch field types may have different sizes. This way,
the resonance frequency of the patch fields may be tuned
easily.

[0010] To this end, the vertical length and/or the hori-
zontal length of the patch fields may depend on the res-
onance frequency of the respective patch field type.
[0011] In an embodiment of the invention, for at least
one of the at least two patch field types two patch fields
are provided in order to improve radiation performance.
[0012] In an aspect, the multiband patch antenna is
symmetrical with respect to an axis, particularly wherein
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the axis extend through the geometric center of the patch
fields. This way, the radiation characteristics may be im-
proved further.

[0013] The geometric center of the patch fields is, in
particular, the geometric center of the antenna area. The
antenna area is thus also symmetrical.

[0014] Foranimproved directional radiation character-
istics, the ground plane is quadratic and/or has a cutout
for each of the at least one feedpoint only, in particular
that the ground plane is free of cutouts.

[0015] In a further embodiment, the multiband patch
antenna comprises a support layer being provided be-
tween the at least one patch field and the ground plane,
wherein the support layer has a via for each of the at
least one feedpoint only, in particular that the support
layer is free of vias. This design simplifies fabrication of
the multiband patch antenna even further.

[0016] For reliable feeding, the at least one feedpoint
is provided as a coaxial feed or an insert feed.

[0017] Inan embodiment of the invention, a first patch
field of a first patch field type with a first resonance fre-
quency, atleast one second patch field of a second patch
field type with a second resonance frequency and at least
one third patch field of a third patch field type with a third
resonance frequency are provided, wherein the first
patch field partly overlaps with the at least one second
patch field and the at least one third patch field, particu-
larly wherein the at least one second patch field and the
at least one third patch field do not overlap. This way,
the radiation characteristic of each of the resonance fre-
quencies is highly directional.

[0018] Forareliably feed the multiband patch antenna,
the at least one feedpoint may be located at the at least
one second patch field and/or at the least one third patch
field.

[0019] In order to improve the radiation characteristics
of electromagnetic radiation with the first resonance fre-
quency, the at least one second patch field and at the
least one third patch field may be spaced apart by a ver-
tical distance, wherein the sum of the vertical distance,
the vertical length of the at least one second patch field
and the vertical length of the at least one third patch field
is about equal to the horizontal length of the first patch
field.

[0020] In another embodiment, exactly one first patch
field, exactly two second patch fields and exactly two
third patch fields are provided, particularly wherein the
two second and two third patch fields each overlap with
one of the corners of the first patch field.

[0021] To improve the radiation characteristics even
further, the two third patch fields may be spaced apart
by athird horizontal distance, wherein the third horizontal
distance is about equal to the horizontal length of the
third patch fields and/or the two second patch fields may
be spaced apartby a second horizontal distance, wherein
either the second horizontal distance is about equal to
half of the horizontal length of the second patch fields or
the second horizontal distance is about equal to the third
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horizontal distance.

[0022] For a symmetrical radiation characteristic, the
geometric center of the first patch field may be the geo-
metric center of the patch fields, in particular the geomet-
ric center of the antenna area.

[0023] Further features and advantages will be appar-
ent from the following description as well as the accom-
panying drawings, to which reference is made. In the
drawings:

- Figure 1 shows a side view of a multiband patch an-
tenna according to the invention,

- Figure 2 shows a top view of the multiband patch
antenna according to Figure 1, and

- Figure 3 shows a schematic drawing of the antenna
area of the multiband patch antenna according to
Figure 1.

[0024] Figures 1 and 2 show a multiband patch anten-
na 10, in the shown embodiment a multiband printed cir-
cuit board (PCB) antenna.

[0025] The multiband patch antenna 10 may be used
in devices requiring wireless communication, like routers,
access points, weather stations, and mobile devices, like
mobile phones, tablets, laptop computers, Internet of
Things (loT) devices and any other device with a com-
munication interface.

[0026] The multiband patch antenna 10 is for example
used for Wi-Fi communication, for example for MU-MIMO
WLAN access points.

[0027] In such devices, the multiband patch antenna
10 may be one of a plurality of similar or identical anten-
nas in an antenna array.

[0028] The multiband patch antenna 10 comprises a
ground plane 12, a support layer 14, a plurality of patch
fields 16 and a feedpoint 18.

[0029] The supportlayer 14 may be a known substrate
for printed circuit boards, like a wafer or FR-4.

[0030] The ground plane 12 and the patch field 16 are
located on opposite sides of the support layer 14.
[0031] The patch fields 16 are created of a conductive
material directly onto the support layer 14 and all of them
have the same thickness.

[0032] The ground plane 12 is, for example, quadratic.
The sides of the quadratic ground plane 12 may be 50
mm long. The ground plane 12 may be made of a con-
ductive layer created directly on the support layer 14.
[0033] The ground plane 12 extends in the plane of the
support layer 14 further than the patch fields 16.

[0034] The feedpoint 18 is located in one of the patch
fields 16 and is connected to a signal source 20 located
on the side of the ground plane 12 facing away from the
support layer 14.

[0035] An electrical connection between the signal
source 20 and the feedpoint 18 is achieved through the
support layer 14 and the ground plane 12. For this pur-
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pose, the ground plane 12 and the support layer 14 have
a cutout and a via, respectively. Apart from the cutout
and the via for the feedpoint 18, the ground plane 12 and
the support layer 14 are free of cutouts and vias, respec-
tively.

[0036] As can be seen in Figure 2, which shows the
multiband patch antenna 10 in a top view, the multiband
patch antenna 10 comprises several patch fields 16.
[0037] Forillustration purposes, the patch fields 16 are
drawn distinctly from one another, in reality, however,
the patch fields 16 define a continuous antenna area 22.
In particular, the patch fields 16 and thus the antenna
area 22 arelis free of cutouts.

[0038] AscanbeseenclearlyinFigure 2,the multiband
patch antenna 10 comprises five rectangular patch fields
16 being of different patch field types.

[0039] Inthe shown embodiment, the multiband patch
antenna 10 comprises patch fields 16 of three different
patch field types, namely a first patch field type A, a sec-
ond patch field type B and a third patch field type C.
[0040] The multiband patch antenna 10 comprises ex-
actly one patch field 16 of the first patch field type A,
called first patch field 24 in the following.

[0041] Ofthe second patchfield type B, two patch fields
16 are provided, called second patch fields 26 in the fol-
lowing. Ofthe third patch field type C also two patch fields
16 are provided, called third patch fields 28 in the follow-
ing.

[0042] Of course, the number of patch fields 16 and
patch field types A, B, C are only exemplary. Other num-
bers of patch fields 16 and patch field types are of course
conceivable.

[0043] In the shown embodiment, all patch fields 16,
regardless of the patch field type A, B, C are rectangular,
wherein in the patch fields 16 of different patch field type
A, B, C differ from one another in size.

[0044] The first patch field 24 is the center of the an-
tenna area 22, i.e. of the multiband patch antenna 10 in
a top view, and overlaps partly with each of the other
patch fields 16, namely the two second patch fields 26
and the two third patch fields 28.

[0045] Each of the corners of the patch field 24 is over-
lapped with a corner of one of the other patch fields 16.
The areas, in which the patch field 16 overlap are called
overlapping areas O.

[0046] Forexample, with respectto Figure 2, the upper
left corner and the upper right corner of the first patch
field 24 overlap each with a corner of one of the second
patch fields 26 and the bottom right-hand corner and the
bottom left-hand corner of the first patch field 24 overlap
each with a corner of one of the third patch fields 28,
respectively.

[0047] In the shown embodiment, the feedpoint 18 is
provided in the bottom left third patch field 28, in particular
outside of the overlapping area O. Of course, the feed-
point 18 could also be arranged on any other patch field
16, for example on one of the second patch fields 26.
[0048] The feedpoint 18 is for example a coaxial feed
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or an insert feed.

[0049] Figure 3 shows the patch fields 16, i.e. the an-
tenna area 22, in greater detail.

[0050] The different sizes of the patch fields 24, 26, 28
of the different patch field types A, B, C become clearer
in Figure 3.

[0051] For the sake of distinction, the direction of the
y-axis of Figure 3 is referred to as the vertical direction
and the direction of the x-axis is referred as the horizontal
direction. This nomenclature is, of course, independent
of the mounting position of the multiband patch antenna
10.

[0052] The dimensions of each patch field type A, B,
C are chosen such that a respective patch field has a
predefined resonance frequency. The resonance fre-
quency is the frequency of electromagnetic radiation
emitted by the respective patch field 16 in conjunction
with the ground plane 12, when fed with a feed signal
through the feedpoint 18.

[0053] First patch fields 24 of the first patch field type
A have a first resonance frequency f,, for example 2.44
GHz, the second patch fields 26 of the second patch field
type B have a second resonance frequency f,, for exam-
ple 5.25 GHz, and the third patch fields 28 of the third
patch field type C have a third resonance frequency fs,
for example 5.6 GHz.

[0054] The first resonance frequency f,, the second
resonance frequency f, and the third resonance frequen-
cy f5 differ from one another.

[0055] The first patch field 24, the second patch field
26 and the third patch field 28 together may emit elec-
tromagnetic radiation - when fed with a feed signal
through feedpoint 18 - with a further frequency or one of
the resonance frequencies fy, f,, fs.

[0056] The resonance frequency of a patch field can
be determined by the so-called cavity model, which is
known in the art, that yields the horizontal and vertical
length of the patch field for a desired resonance frequen-
cy and a desired mode.

[0057] For example, the horizontal length a; and the
vertical length a, of the first patch field 24 of the first patch
field type A, the horizontal length b, and vertical length
b, of the second patch fields 26 of the second patch field
type B and the horizontal length ¢ and vertical length ¢,
of the third patch fields 28 of the third patch field type C
may be determined as shown in the following table,
wherein ¢ is the speed of light in vacuum, and g, is the
effective permittivity at the specified frequency. The cal-
culations are carried out for the dominant TMy mode.
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[0058] In the shown embodiment, the arrangement of
the patch fields 16, and thus the antenna area 22, is sym-
metrical with respect to an axis S that runs vertically, i.e.
parallel to the y-axis, and through the geometric center
D of the patch fields 16, i.e. antenna area 22, which is in
the shown embodiment also the geometric center of the
first patch field 24.

[0059] This geometric center of the antenna area 22
is regarded as the origin of the coordinate system of Fig-
ure 3.

[0060] The second patch fields 26 are spaced apart by
a distance d, and the third patch fields 28 are spaced
apart by a distance ds.

[0061] Inthe shown embodiment, distance d, and dis-
tance dj are about, in particular exactly equal to one an-
other and correspond to the horizontal length ¢, of the
third patch fields 28. Because of the symmetry, the dis-
tance of the second patch fields 26 and the third patch
fields 28 from the vertical axis S (y-axis) amounts to half
of distance d,, half of distance ds, respectively.

[0062] It is of course conceivable, that the distances
d,, d; are different from one another. In this case, dis-
tances d,, d; may be about or particularly exactly equal
to the horizontal length b4, ¢, of the second and third
patch fields 26, respectively.

[0063] The left-hand side second patch field 26 and
third patch field 28 are spaced apart by a vertical distance
e. The right-hand side second patch field 26 and third
patch field 28 are also spaced apart by the same vertical
distance e.

[0064] The vertical distance e may be chosen such that
the sum of the vertical distance e, the vertical length b,
and the vertical length ¢, is about or exactly equal the



7 EP 3700 015 A1 8

horizontal length a, so that the vertical length of the whole
antenna area 22 is the horizontal length a, and thus half
awavelength of electromagnetic radiation with a frequen-
cy fy.

[0065] With respect to the geometric center D, in the
shown embodiment, the location of the feedpoint 18 is
10.691 mm in the horizontal direction and 13.586 mm in
the vertical direction on one of the third patch fields 28.
[0066] For example, the described parameters may
take the following values f; = 2.44 GHz, f, = 5.25 GHz,
f; = 5.6 GHz, a; = 28.572 mm, a, = 15.945 mm, b, =
11.406 mm, b,=12.101mm, c,=12.730 mm, c,=12.783
mm, d,=d;=12.23 mmande =4.362 mm. The feedpoint
18 lies at x =10.691 mm and y = -14.586 mm. The thick-
ness of the ground plane 12 and support layers 14 is
0.035 mm and the thickness of the support layer 14 is
1.55 mm.

[0067] The deviations from the seemingly exact rela-
tions above are due to a numeric optimization. The values
are still to be regarded as about equal to the relations
given in the equations above.

[0068] The multiband patch antenna 10 of this design
has an improved radiation characteristic meaning that it
has a highly directional radiation characteristic, wherein
at the same time the thickness of the multiband patch
antenna 10 is small.

Claims

1. Multiband patch antenna, in particular a multiband
PCB antenna, comprises a ground plane (12), at
least one feedpoint (18), and at least two different
patch fields (16; 24, 26, 28) being of at least two
different patch field types (A, B, C),
wherein each patch field type (A, B, C) is designed
for a different predefined resonance frequency (fj,
fa, f3),
wherein at least two of the patch fields (16; 24, 26,
28) have overlapping areas (O), and
wherein the feedpoint (18) is positioned in a way that,
when a feed signal is fed to the feedpoint (18), each
of the at least two patch field (16; 24, 26, 28) emits
electromagnetic radiation having the frequency of
the predefined resonance frequency (fy, f,, f3) of the
respective patch field (16; 24, 26, 28) and/or a com-
bination of two or more of the at least two patch fields
(16; 24, 26, 28) emits electromagnetic radiation hav-
ing a frequency of one of the resonance frequencies
(f4, fo, f3) or a further frequency.

2. Multiband patch antenna according to claim 1, char-
acterized in that the at least two patch fields (16;
24, 26, 28) are free of cutouts and/or define a con-
tinuous antenna area (22).

3. Multiband patch antenna according to claim 1 or 2,
characterized in that the at least two patch fields
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(16; 24, 26, 28) have a rectangular geometry and/or
that the patch fields (16; 24, 26, 28) of the at least
two patch field types (A, B, C) have different sizes.

4. Multiband patch antenna according to any one of the

preceding claims, characterized in that the vertical
length (a,, by, ¢,) and/or the horizontal length (ay,
b4, cq) of the patch fields (16; 24, 26, 28) depends
on the resonance frequency (f4, f,, f3) of the respec-
tive patch field type (A, B, C).

5. Multiband patch antenna according to any one of the

preceding claims, characterized in that for at least
one of the at least two patch field types (A, B, C) two
patch fields (16; 24, 26, 28) are provided.

6. Multiband patch antenna according to any one of the

preceding claims, characterized in that the multi-
band patch antenna (10) is symmetrical with respect
toan axis (S), particularly wherein the axis (S) extend
through the geometric center (C) of the patch fields
(16; 24, 26, 28).

7. Multiband patch antenna according to any one of the

preceding claims, characterized in that the ground
plane (12) is quadratic and/or has a cutout for each
of the at least one feedpoint (18) only, in particular
that the ground plane (12) is free of cutouts.

8. Multiband patch antenna according to any one of the

preceding claims, characterized in that the multi-
band patch antenna (10) comprises a support layer
(14) being provided between the at least one patch
field (16; 24, 26, 28) and the ground plane (12),
wherein the support layer (14) has a via for each of
the at least one feedpoint (18) only, in particular that
the support layer (14) is free of vias.

9. Multiband patch antenna according to any one of the

preceding claims, characterized in that the at least
one feedpoint (18) is provided as a coaxial feed or
an insert feed.

10. Multiband patch antenna according to any one of the
preceding claims, characterized in that afirst patch
field (24) of a first patch field type (A) with a first
resonance frequency (f;), at least one second patch
field (26) of a second patch field type (B) with a sec-
ond resonance frequency (f,) and at least one third
patch field (28) of a third patch field type (C) with a
third resonance frequency (f3) are provided, wherein
the first patch field (24) partly overlaps with the at
least one second patch field (26) and the at least one
third patch field (28), particularly wherein the at least
one second patch field (26) and the at least one third
patch field (28) do not overlap.

11. Multiband patch antenna according to claim 10,
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characterized in that the atleast one feedpoint (18)
is located at the at least one second patch field (26)
and/or at the least one third patch field (28).

Multiband patch antenna according to claim 10 and
11, characterized in that the at least one second
patch field (26) and at the least one third patch (28)
field are spaced apart by a vertical distance (e),
wherein the sum of the vertical distance (e), the ver-
tical length (b,) of the at least one second patch field
(26) and the vertical length (c,) of the at least one
third patch field (28) is about equal to the horizontal
length (a;) of the first patch field (24).

Multiband patch antenna according to any one of the
claims 10 to 12, characterized in that exactly one
first patch field (24), exactly two second patch fields
(26) and exactly two third patch fields (28) are pro-
vided, particularly wherein the two second and two
third patch fields (26, 28) each overlap with one of
the corners of the first patch field (24).

Multiband patch antenna according to claim 13,
characterized in that the two third patch fields (28)
are spaced apart by a third horizontal distance (d3),
wherein the third horizontal distance (d3) is about
equal to the horizontal length (c4) of the third patch
fields (28) and/or that the two second patch fields
(26) are spaced apart by a second horizontal dis-
tance (d,), wherein either the second horizontal dis-
tance (d,) is about equal to half of the horizontal
length (bi) of the second patch fields (26) or the sec-
ond horizontal distance (d,) is about equal to the
third horizontal distance (ds).

Multiband patch antenna according to any one of the
claims 10 to 14, characterized in that the geometric
center (D) of the first patch field (24) is the geometric
center of the patch fields (16; 24, 26, 28).
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