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Dual antenna

The invention relates to an antenna structure of a small-sized radio apparatus
which structure comprises two electrically relatively separate parts.

In small-sized portable radio apparatuses, such as mobile phones, the antenna is
placed for convenience of use preferably inside the covers of the apparatus. Fur-
thermore, as one tries to make the antenna to consume as small a space as pos-
sible, its design becomes demanding. Additional difficulties in design are caused if
the radio apparatus has to operate in several frequency ranges, the more the
broader these ranges are.

Internal antennas are mostly plane-structured, whereby they have a radiating
plane and a ground plane at a certain distance from it. A planar antenna can be
made smaller by manufacturing the radiating plane on the surface of a dielectric
substrate instead of it being air-insulated. Naturally, the higher the permittivity of
the material, the smaller physically the antenna element having a certain electric
size is. By using e.g. ceramics having a high dielectric constant as the substrate,
the antenna component becomes a chip to be mounted on a circuit board. Fig. 1
shows an example of a dielectric antenna, or an antenna based on such a chip
component. A portion of the circuit board PCB of a radio apparatus is seen in the
figure. On the circuit board there is an antenna component 110 which comprises a
dielectric substrate 111 and, on the surface of this, two antenna elements. The first
antenna element 112 covers one portion of the top surface of the substrate and its
one head surface. The second antenna element 113 covers another portion of the
top surface of the substrate and its other, opposing head surface. The antenna
elements extend a bit on the side of the bottom surface of the substrate for consti-
tuting contact surfaces. In the middle of the top surface between the elements,
there is a slot SL which extends in the cross direction from one side surface of the
substrate to another. The feed conductor 130 of the antenna is a strip conductor
on the top surface of the circuit board, and it constitutes together with the ground
plane, or the signal ground GND, and the circuit board material a feed line having
a specified impedance. The feed conductor 130 connects galvanically to the first
antenna element 112 on its contact surface. From its second contact surface, the
first antenna element connects galvanically to the ground plane GND. At the op-
posing end of the substrate, the second antenna element 113 connects galvani-
cally from its contact surface to the ground plane GND. The second antenna ele-
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ment only receives its feed electromagnetically over said slot SL, in which case it
is a parasitic element.

The entire antenna consists of the antenna component 110 and the ground plane.
In the example of Fig. 1, there is no ground plane below the antenna component,
and beside of the component the ground plane is at a certain distance from it. This
distance and the width and length of the portion of the ground plane extending to
the parasitic element 113 affect the natural frequency and the impedance of the
entire antenna, for which reason the antenna can be tuned and matched by opti-
mising them. The antenna elements radiate at least almost at the same frequency,
the antenna thus being a one-band antenna.

A common way of realising a two- or multi-band antenna is to divide the radiating
element to at least two branches of different lengths seen from the shorting point
of the element. In this way, it is relatively easy to obtain a satisfying result in air-
insulated planar antennas. Instead, when using a very small-sized chip compo-
nent, it is difficult to obtain reasonable matching with e.g. two operating bands.
Furthermore, isolation between the antenna components corresponding to differ-
ent bands remains inadequate.

Fig. 2 shows a known dielectric antenna in which some afore-mentioned disad-
vantages are eliminated. The structure is a dual antenna; it includes two antenna
components with a ceramic substrate on a circuit board PCB and the partial an-
tennas corresponding them. The antenna structure has a lower and an upper
resonance, and it has correspondingly two bands: the lower operating band is
constituted by the first antenna component 210, and the upper operating band by
the second antenna component 220. Because of the separateness of the compo-
nents, also their electromagnetic near fields are separate, and the isolation be-
tween the partial antennas is good in this relation. The partial antennas have a
shared feed conductor 231 connected to the antenna port AP, which feed conduc-
tor branches to feed conductors leading to the antenna components. If these feed
conductor branches were connected directly to the radiators, the partial antennas
would adversely affect each other via their shared feed so that the tuning of one
would change the tuning of the other. Furthermore, the upper resonance would
easily become weak or it would not excite at all. For this reason, the structure re-
quires matching components. In the example of Fig. 2, in series with the feed con-
ductor of the first antenna component 210 are a coil L1 and a capacitor C1. The
natural frequency of the resonance circuit constituted by these is the same as the
centre frequency of the lower operating band. In series with the feed conductor of
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the second antenna component 220 is a capacitor C2, and between its end on the
side of the antenna component and the ground plane GND is a coil L2. The cut-off
frequency of a high-pass filter constituted by the capacitor C2 and the coil L2 is
somewhat below the upper operating band.

A disadvantage of the solution according to Fig. 2 and similar other arrangements
is the space required by the matching components on the circuit board and addi-
tional costs in production incurred by them. It is conceivable that the required
matching is made without separate components with conductor patterns on the
surface of the circuit board, but in any case all these patterns would require a rela-
tively large area on the circuit board.

The object of the invention is to minimise said disadvantages related to prior art.
The dual antenna according to the invention is characterised by what is presented
in the independent claim 1. Some advantageous embodiments of the invention are
described in the other claims.

The basic idea of the invention is the following: The dielectric antenna is a dual an-
tenna, with one partial antenna of which is implemented the lower operating band
of the antenna and with the other partial antenna the upper operating band. The
partial antennas have a shared feed point in the antenna structure, e.g. at an end
of a radiating element of one partial antenna, in which case the other partial an-
tenna receives its feed galvanically through said radiating element by a short in-
termediate conductor. The partial antennas are located so that their substrates are
heads face to face, and the main directions of the radiating elements i.e. the con-
ductive coatings of the substrates starting from the shared feed point are oppos-

ing.

An advantage of the invention is that the tunings of partial antennas corresponding
to the different operating bands are obtained independent from each other without
discrete matching components, even though they have a shared feed point. Re-
lated to foregoing, an advantage of the invention is that the space required for the
antenna structure is very small. A further advantage of the invention is that the ef-
ficiency of the antenna is good for a dielectric antenna.

The invention will now be described in detail. The description refers to the accom-
panying drawings in which

Fig. 1 shows an example of a known dielectric antenna,
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Fig. 2 shows an example of a known dielectric dual antenna,

Fig. 3 shows an example of a dielectric dual antenna according to the inven-
tion,

Fig. 4 shows a second example of a dielectric dual antenna according to the
invention,

Fig. 5 shows a third example of a dielectric dual antenna according to the in-
vention, and

Fig. 6 shows an example of the efficiency of an antenna according to the in-
vention.

Figs. 1 and 2 were already described in connection with the description of prior art.

Fig. 3 shows an example of a dielectric dual antenna according to the invention. A
portion of the circuit board PCB of a radio apparatus is seen in the drawing. On the
circuit board there are two antenna components 310 and 320, as in Fig. 2. These
components will be called “partial antennas”. Both partial antennas comprise a di-
electric substrate which has heads, top and bottom surfaces and side surfaces.
The substrates are located heads face to face relatively close to each other and
they have the same longitudinal direction, when this means the direction of the
normal of the heads. The face-to-face located heads of the substrates will be
called first heads. The first partial antenna 310 further comprises on the surface of
its substrate 311 in this example two radiating elements: the first radiating element
312 covers one portion of the top surface of the substrate 311 and its first head at
least partially, and the second radiating element 313 covers another portion of the
top surface of the substrate 311 and its second head at least partially. The radiat-
ing elements extend via the heads a bit to the side of the bottom surface of the
substrate in the corners of the bottom surface for constituting the contact surfaces.
The first radiating element is connected from its first contact surface 316 to the
feed conductor 331 of the antenna and from the second contact surface to the
ground GND. The second radiating element 313 is parasitic being connected from
its both contact surfaces 318, 319 to the ground GND. The parts of the antenna
corresponding to the first and the second radiating element have the same reso-
nance frequency. The second partial antenna 320 further comprises on the sur-
face of its substrate 321 in this example one radiating element. This element, or
the third radiating element 322, covers at least partially the top surface of the sec-
ond substrate 321 and both its first and second head.
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Because of the mutual position of the substrates, the main direction of the radiat-
ing elements of the first partial antenna and the main direction of the radiating
element of the second partial antenna are opposing seen from the shared feed
point.

The feed conductor 331 of the antenna is a conductor strip on the top surface of
the circuit board PCB. The feed conductor 331 extends below the first partial an-
tenna 310 at the end on the side of the first head of the first substrate 311 and is
connected as described above to the first radiating element 312 on its contact sur-
face 316 in the corner of the bottom surface of the substrate 311. This point in the
first radiating element is the shared feed point FP of the partial antennas. It is lo-
cated according to the invention between the partial antennas in a so-called cou-
pling space. The “coupling space” means in this description and claims the space
substantially of the shape of a rectangular prism defined by the first heads of the
substrates and extended a little to both directions in all three dimensions. “A little”
means a distance which is small compared to the length and width of the sub-
strates.

The second partial antenna 320 gets its feed through a short intermediate conduc-
tor 332, one end of which is connected to the first radiating element 312 at the first
head of the first substrate 311 and other end of which is connected to the third ra-
diating element 322 at the first head of the second substrate 321. The intermediate
conductor is thus in the coupling space. The third radiating element is connected
galvanically only to the intermediate conductor 332, the second partial antenna
then being in this example of monopole type. The first and the second partial an-
tenna and the intermediate conductor together constitute the dual antenna 300.

Fig. 4 shows a second example of a dielectric dual antenna according to the in-
vention. The dual antenna 400 comprises the first partial antenna which includes
its substrate 411, the first radiating element 412 and the second radiating element
413 and the second partial antenna which includes its substrate 421 and the third
radiating element 422, as in Fig. 3. A difference to the structure shown in Fig. 3 is
that said substrates 411, 421 constitute now a unitary total substrate 440. There-
fore, in this case the substrates of the partial antennas are called partial sub-
strates. The partial substrates are separated from each other with two holes HL1,
HL2 extending through the substrate 440 from its top surface to its bottom surface.
These holes are elongated in the cross direction of the substrate so that only three
relatively narrow necks join the partial substrates to each other. For this reason,
the field of both partial antennas can spread in the substrate only to a small extent
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to the side of the other antenna, and the electrical isolation of the partial antennas
is thus relatively good.

In Fig. 4, the dual antenna 400 has been drawn from above and in the other sub-
figure along a longitudinal line A—A one side cut away as far as the first hole HL1.
Thus the narrow rear portion of the inner surface of the first opened hole HL1 is
seen in the latter sub-figure, which rear portion joins from its one edge the first
head of the first partial substrate 411 and from its other edge the first head of the
second partial substrate 421. These heads are coated with conductive material so
that the first radiating element 412 extends via holes HL1 and HL2 on the bottom
surface of the substrate, and the third radiating element 422 extends via the op-
posing surfaces of the same holes to a certain distance from the bottom surface of
the substrate. The afore-mentioned rear portion of the inner surface of the first
hole HL1 is partially coated with conductive material. This conductive coating 432
connects the third radiating element to the first radiating element thus functioning
as the intermediate conductor feeding the second partial antenna. The intermedi-
ate conductor 432 is in the coupling space of the antenna 400. The intermediate
conductor could also be on the top surface of the substrate 411 between the holes
HL1 and HL2.

The sectional drawing of Fig. 4 shows a contact surface 417 being the one further
back of the contact surfaces of the first radiating element 412 on the bottom sur-
face of the substrate. This can be connected either to the feed conductor of the
antenna or the signal ground. Likewise is seen a contact surface 419 being the
one further back of the contact surfaces of the parasitic second radiating element
413, which contact surface is connected to the signal ground.

Fig. 5 shows a third example of a dielectric dual antenna according to the inven-
tion. The dual antenna 500 has been drawn both from above and sideways. It
comprises the first partial antenna which includes its substrate 511, the first radiat-
ing element 512 and the second radiating element 513 and the second partial an-
tenna which includes its substrate 521 and the third radiating element 522, as in
previous figures. The substrate of the first partial antenna, or the first partial sub-
strate 511 and the substrate of the second partial antenna, or the second partial
substrate 521, constitute a unitary total substrate 540, as in Fig. 4. The partial
substrates are in this case separated from each other by three holes HL1, HL2,
HL3 extending vertically through the substrate 540 and by two grooves CH1, CH2.
The first groove CH1 is at the holes downwards from the top surface of the sub-
strate and the second groove CH2 is at the holes upwards from the bottom surface
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of the substrate. Thus, four relatively narrow necks, the height of which is notably
smaller than the height of the substrate, remain to connect the partial substrates.
In this way, the electrical isolation of the partial antennas is arranged relatively
good.

A most notable difference to the structure shown in Fig. 4 is that an intermediate
conductor 532 feeding the second partial antenna is now on one side surface of
the substrate 540. This side surface is coated with conductor so that the opposing
ends of the first radiating element 512 and the third radiating element 522 become
coupled to each other. In this case, the intermediate conductor 532 has to go
round the end of the first groove thus forming a U-shaped bend.

The feed point FP of the dual antenna 500 is also in this case on the bottom sur-
face of the substrate 540 on the side of the first partial substrate 511 in the cou-
pling space of the antenna. The feed point is connected galvanically to the part of
the first radiating element 512 on the top surface of the substrate via the conduc-
tive coating of the first hole HL1.

Fig. 6 shows an example of the efficiency of an antenna according to Fig. 3. The
curve shows the efficiency as a function of frequency. The lower operating band of
the antenna is tuned to the receive band of the GSM900 (Global System for Mo-
bile communications) system and the upper operating band to the receive band
of the GSM1900 system. It is seen that the efficiency in the lower band is on aver-
age about 0.35 and in the upper band about 0.45. Thus, the efficiency is good es-
pecially in the upper band considering the small size of the antenna.

In this description and claims a “partial antenna” means a pure chip component,
which comprises radiators, or a portion of it. Correspondingly, an “antenna” means
the combination of “partial antennas”. Functionally, the antenna also comprises the
ground arrangement around the chip component(s). Prefixes “bottom”, “top”, “hori-
zontal” and “vertical” and epithets “below”, “above” and “from above” refer to the
position of the antenna in which it is mounted on the top surface of a horizontal

circuit board. The operating position of the antenna can naturally be whichever.

An antenna according to the invention can naturally differ in its details from the
ones described. For example, the feed conductor of the antenna can be connected
to the partial antenna corresponding to the upper operating band instead of the
partial antenna corresponding to the lower operating band. The location of the in-
termediate conductor connecting partial antennas to each other can vary in the
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coupling space of the antenna. The partial antenna corresponding to the lower op-
erating band can comprise only one radiator instead of two, and the partial an-
tenna corresponding to the upper operating band can comprise two radiators in-
stead of one. In addition to its feed point, an individual radiator can also be con-
nected to the ground. If the antenna has a unitary substrate, the number and
shape of the holes separating the partial substrates can vary. They can also lead
horizontally through the substrate. In addition to holes or instead of them, there
can be grooves separating partial substrates. The intermediate conductor connect-
ing the partial antennas to each other can be on the surface of a hole or a groove
or on the outer surface of the entire substrate irrespective of how the reduction of
the substrate material improving the electrical isolation of the partial antennas has
been implemented. Manufacturing an antenna according to the invention can be
implemented e.g. by coating a ceramic chip partially with a conductor or by grow-
ing a metal layer on the surface of e.g. silicon and removing a portion of it with a
technology used in manufacturing of semiconductor devices. The inventive idea
can be applied in different ways within the limitations set by the independent claim 1.
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Claims

1. A dual antenna (300; 400; 500) comprising first partial antenna (310) to im-
plement a lower operating band of the antenna and a second partial antenna (320)
to implement an upper operating band, which both partial antennas comprise a di-
electric substrate (311, 321; 411, 421; 511, 521) and as its conductive coating at
least one radiating element (312, 313, 322; 412, 413, 422; 512, 513, 522), which
both substrates have a first and a second head, top, bottom and side surfaces the
direction of the normal of the heads being the longitudinal direction of the sub-
strate, characterised in that the substrates (311, 321; 411, 421; 511, 521) of the
partial antennas are located their first heads face to face, they have substantially
the same longitudinal direction, and the partial antennas have a shared feed point
(FP) in a coupling space defined by the first heads at the end of the radiating ele-
ment on the side of the first head of the substrate of one partial antenna, and the
other partial antenna gets its feed through an intermediate conductor (332; 432;
532) which extends in said coupling space from last-mentioned radiating element
to a radiating element of the latter partial antenna.

2. A dual antenna according to claim 1, characterised in that the shared feed
point (FP) is in a radiating element of the first partial antenna.

3. A dual antenna according to claim 1, characterised in that the substrate
(311) of the first partial antenna and the substrate (321) of the second partial an-
tenna are detached, and said intermediate conductor (332) is a separate conduc-
tor connected to a radiator (312) of the first partial antenna and a radiator (322) of
the second partial antenna.

4. A dual antenna according to claim 1, characterised in that the substrate
(411; 511) of the first partial antenna and the substrate (421; 521) of the second
partial antenna constitute a unitary total substrate (440; 540), where substrate ma-
terial has been reduced between the partial antennas for improving their electrical
isolation.

5. A dual antenna according to claim 4, characterised in that substrate material
has been reduced so that at least one hole (HL1, HL2) leads through the substrate
(440; 540).

6. A dual antenna according to claim 4, characterised in that substrate material
has been reduced so that there is at least one groove (CH1, CH2) in the substrate
(540).
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7. A dual antenna according to claim 4, characterised in that said intermediate
conductor (532) is a conductive coating on a side surface of the substrate (540)
extending from a radiator (512) of the first partial antenna to a radiator (522) of the
second partial antenna.

8. A dual antenna according to claim 5, characterised in that said intermediate
conductor (432) is a conductive coating on inner surface of said type of hole (HL1),
the coating extending from the radiator (412) of the first partial antenna to the ra-
diator (422) of the second partial antenna.

9. Adual antenna according to claim 1, characterised in that the first partial an-
tenna comprises a first radiating element (312; 412; 512) which covers one part of
the top surface of its substrate (311; 411; 511) and at least a part of the first head
of its substrate, and a second radiating element (313; 413; 513) which covers an-
other part of the top surface of the substrate (311; 411; 511) in question and at
least a part of the other head of the substrate, which radiating elements extend via
the heads of the substrate on the side of the bottom surface of the substrate to
form said feed point (FP) and a ground point to the first radiating element and to
form at least one ground point to the second radiating element.

10. A dual antenna according to claim 1, characterised in that said substrates
are of ceramic material.
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