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inverted-L. antenna (PILA), is mounted
spaced from the ground plane and a
dielectric (14), for example, air, is present
in a space between the PCB and the planar
antenna. A feed (36) couples the planar
antenna (10) to the rf components. The
feed comprises parallel L-C resonator
circuit components (42), a transmission
line, or any other predominantly reactive
network for reactively tuning the antenna.
In the case of a dual band antenna the
components are selected so that a lower
frequency is tuned inductively and a higher
frequency is tuned capacitively.  The
components, which may be discrete or
distributed, are mounted on the PCB or a
part of the planar antenna structure which
is not subject to detuning by the user in
normal operation of the apparatus.



WO 2005/011055 A1 I} 110 080000 0000 00 00

Declaration under Rule 4.17: BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, BE,
— as to applicant’s entitlement to apply for and be granted BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE,

a patent (Rule 4.17(ii)) for the following designations AE,
AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ,
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM,
PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, T/,
TM, TN, TR, TT, TZ, UA, UG, UZ, VC, VN, YU, ZA, ZM,
ZW, ARIPO patent (BW, GH, GM, KE, LS, MW, MZ, NA,
SD, SL, 87, TZ, UG, ZM, ZW), Eurasian patent (AM, AZ,

IT, LU, MC, NL, PL, PT, RO, SE, 51, SK, TR), OAPI patent
(BE, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE,
SN, TD, TG)

Published:
—  with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.



10

15

20

25

30

WO 2005/011055 PCT/IB2004/002369

DESCRIPTION

TUNING IMPROVEMENTS IN "INVERTED-L" PLANAR ANTENNAS

The present invention relates to improvements in or relating to planar
antennas, particularly, but not exclusively, to dual band antennas for use in
portable telephones. Such telephones may operate in accordance with the
GSM and DCS 1800 standards.

PIFAs (Planar Inverted-F Antennas) are used widely in portable
telephones because they exhibit low SAR (Specific Adsorption Ratio) which
means that less transmitted energy is lost to the head and they are compact
which enables them to be installed above the phone circuitry thereby using
space within the phone housing more effectively.

A perspective diagrammatic view of a PIFA 10 is shown in Figure 1 of
the accompanying drawings. The PIFA 10 is separated from a printed circuit
board (PCB) 12 by a dielectric 14 which in the illustrated example is air.
Typically electronic components in rf shields (otherwise called rf cans) 18 are
mounted on both sides of the PCB 10 and an electrically conductive ground
plane 16 surrounds these components and covers the remaining area of the
PCB 12.

The PIFA 10 comprises a patch having a slot 20, one end 22 of which is
closed and the other end 24 of which opens into the upper edge of the patch.
The slot itself comprises four interconnected rectilinear sections 25, 26, 27 and
28 extending orthogonally with respect each other. The slot 20 divides the
patch into a central area 30 and a generally U-shaped area 32 which
surrounds the central area 30. Both areas extend from a common base area
34. A feed tab 36 is connected at one end to a corner of the base area 34 and
at its other end it is connected to components (not shown) mounted on the
PCB 12. A shorting tab 38 is connected at one end to a corner of the base
area 34 and the open end of the slot 20 and at its other end it resiliently

contacts the ground plane 16.
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The conventional view of structures such as that shown in Figure 1 is
that dual band operation is achieved by incorporating low frequency and high
frequency resonators, namely the element formed by the central area 30 and
the element formed by the U-shaped area 32, respectively, in the same
structure. The slot 20 is considered to separate these resonators, while
allowing a common feed point 36.

A perceived drawback of mounting PIFAs inside the housings of
portable telephones and locating them just under the outer cover is that they
are very susceptible to detuning by a person holding the telephone. The
detuning appears to be associated with the antenna and the PCB or with the
slot.

An object of the present invention is to mitigate the problem of detuning
the antenna by the user.

According to a first aspect of the present invention there is provided a
planar antenna assembly comprising a printed circuit board (PCB) having a
ground plane and rf circuitry thereon, a patch antenna, means for mounting the
patch antenna such that it is spaced from the ground plane, and a feed for
coupling the patch antenna to the rf circuitry, the feed comprising components
for reactively tuning the antenna by tuning a relatively lower frequency
inductively and a relatively higher frequency capacitively.

According to a second aspect of the present invention there is provided
a communications apparatus comprising a housing containing a printed circuit
board (PCB) having a ground plane and rf circuitry thereon, a planar antenna
spaced from the ground plane, a dielectric between the PCB and the planar
antenna, and a feed coupling the planar antenna to the rf circuitry, the feed
comprising components for reactively tuning the antenna by tuning a relatively
lower frequency inductively and a relatively higher frequency capacitively.

According to a third aspect of the present invention there is provided a
rf module comprising a printed circuit board (PCB) having a ground plane and
(f circuitry thereon, a planar antenna spaced from the ground plane, a

dielectric in a space between the PCB and the planar antenna, and a feed
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coupling the planar antenna to the rf circuitry, the feed comprising components
for reactively tuning the antenna by tuning a relatively lower frequency
inductively and a relatively higher frequency capacitively.

The present invention is based on an alternative view of dual band
operation of slotted PIFAs. This alternative view is that a PIFA of the type
shown in Figure 1 has a single resonance between the two required
frequencies. Dual band behaviour is achieved by reactive tuning of the slot,
which acts approximately (dependent on the antenna size) as a quarter-wave
transmission line close to the resonant frequency of the antenna. This
alternative view shows that the slot can be replaced by discrete or distributed
component(s), for example a parallel tuned L-C circuit, transmission line or any
other predominantly reactive network, for example a filter, that is (or are)
located on a part of the antenna structure that is not subject to detuning by the

user holding the portable phone.

The present invention will now be described, by way of example, with
reference to the accompanying drawings, wherein:

Figure 1 is a perspective diagrammatic view of a slotted PIFA,

Figure 2 is a perspective view of a portable communications apparatus
made in accordance with the present invention,

Figure 3 is a diagrammatic perspective view of the reverse side of a
planar antenna in which the feed includes a series connected parallel L-C
circuit,

Figure 4 is a diagrammatic perspective view of a PCB and PIFA in
which a parallel L-C circuit is connected in series with the output of the rf
circuitry,

Figure 5 is a diagrammatic perspective view of the reverse side of a
planar antenna in which the feed includes a transmission line,

Figure 6 is a diagrammatic perspective view of the reverse side of a
planar antenna in which the feed includes a reactive network in the form of a
filter,
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Figure 7 is a diagram of a PIFA and PCB with a loaded shorting pin and
its equivalent radiating and balanced mode representations,

Figure 8 is a perspective diagrammatic view of a tri-fed PIFA,

Figure 9 is a Sy plot of a PIFA configuration shown in Figure 8 without
the slot and with equal feeds, '

Figure 10 is a Sy plot of the PIFA configuration shown in Figure 8 in the
open radiating, balanced and sum modes, and

Figure 11 is a Sy plot of the PIFA configuration shown in Figure 8 with
the feeds 1 and 2 being cophased and the feed 3 removed.

In the drawings the same reference numerals have been used to

indicate corresponding features.

As Figure 1 has been described in the preamble of this specification it
will not be repeated here.

Figures 2 and 3 illustrate a portable communications apparatus, such as
a portable radiotelephone, comprising a housing 40 which contains a PIFA 10
coupled by a feed tab 36 to the rf circuitry (not shown) mounted on the PCB
12. A shorting tab 38 resiliently contacts the ground plane 16 on the PCB 12.
The shorting tab 38 performs an impedance transformation. A parallel LC
circuit 42 mounted on the reverse side of the antenna or a substrate carrying
the antenna is connected in series between the feed tab 36 and a feed through
pin 46 on the planar antenna. In practice the feed through pin 46 would be
close to the feed pin 36 in order not to affect the operation of the antenna 10.
The values of the inductance 50 and capacitance 48 of the circuit are selected
to reactively tune the antenna. In the case of a dual band antenna for say
GSM and DCS frequencies, the lower, GSM frequency is tuned inductively and
the higher, DCS frequencies are tuned capacitively. The inductance 50 and
capacitance 48 may be discrete or distributed components.

Figure 4 illustrates a first variant of the embodiment shown in Figures 2
and 3 in which antenna 10 is a PIFA and the parallel LC circuit 42 is mounted
on the surface of the PCB 12 remote from the antenna 10 and is connected
between a rf block circuit 52 and the feed tab 36. A shorting tab 38 is not
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required in this implementation as its impedance transforming function is
replaced by impedance transforming circuitry in rf circuit block 52.

Figure 5 illustrates a second variant of the embodiment shown in
Figures 2 and 3 in which a length of transmission line 54 is mounted on the
reverse side of the antenna 10 which in this embodiment is a PILA (Planar
Inverted L Antenna). The transmission line 54 is used to reactively tune the
antenna. The transmission line 54 may also be provided on the PCB 12 to
connect the rf circuit to the feed tab 36. In practice the pin 46 would be close
to the feed tab 36.

Figure 6 illustrates a third variant in which any other predominantly
reactive network 56, such as a filter, is mounted on the reverse side of the
PILA 10 and is used to reactively tune the antenna. The network 56 may also
be provided on the PCB 12 to connect the rf circuit to the feed tab 36. In
practice the pin 46 would be close to the feed tab 36.

In order to justify the alternative view of dual band operation of slotted
PiFAs the following theoretical explanation will be given with reference to
Figure 7 of the accompanying drawings. Figure 7 shows a PIFA 10 and a PCB
12 with a loaded shorting tab 38 and its equivalent Radiating mode RAD and
Balanced mode BAL representations.

A load can be incorporated in the radiating mode analysis by replacing it
with a voltage source of the same magnitude and polarity as the voltage drop
across the load.

The input current, |4 is given by

Vo v(+a)
=] +].= + (1)
Il .[Rl IB (1+a)ZR ZB
where a is the current sharing factor Iro/lrs and the radiating mode voltage is
given by
V<V +LZ.~V +,-al)Z. @
Using the two terms in equation (1) this gives
' V(i+a) aV’
=V + Z.- (3)
V=V 7. L (lw)ZRZL
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6
Grouping terms in V and V’yields
V' 1+_L‘£Z£_ =y (HMZL} @)
(1+a)zx Zs
Simplifying gives
"_ (1+a)ZRZB+(]-+a)ZZRZL
VoV wrwz,2,02.2, ©)

Thus, a relation is established between the radiating and the balanced mode
voltages. A relation can also be derived for the input voltage, V4, which is given .
by

Vi=V +aV (6)
Substituting (5) in (6) and simplifying gives

(+a)z.z.+Z)+ &' 2.2
(+a)ZoZs+ ¢ Z: Zs

The input current can be found from (1) and (5) and is given by

Z,+1+a)7,  7(+a)

(7)

V.=V

- 8
L7V &0z, 2,702, 2, Z ©
Simplifying yields
(1+a)(z,+Z) Z,
- 9
L=V o)z, 2,72 2,2, ®

The ratio of equations (7) and (9) gives the impedance directly, since both

equations have the same denominator.

_ (1+a)ZZR(ZL+ZB)+OfZZLZB
Z,= (10)
(1+a)f(Z,+Z)+Z,
Setting Z; = * gives
a 2
l+a

The balanced mode impedance is transformed down (or not at all for a very

large current sharing factor) and adds in series with the radiating mode.
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This result can be used to explain the operation of slots in the top plate,
particularly when the opening is adjacent and close to the feed.

By way of example consider the geometry shown in Figure 8, the
illustrated antenna 10 has three feeds F1, F2, F3. The feed F3 and its
associated pin are “dummy” elements for the purposes of studying the effect of
the slot 20. In the final design they would be removed. In this example the
dimensions of the PCB 12 are 100 x 40 x 1 mm and those of the antenna 10
are 30 x 20 x 8 mm.

Figure 9 shows the response of a PILA of the same dimensions but
without the slot 20. This is achieved by applying equal amplitude, co-phased
signals to each of the feeds F1, F2 and F3. The Sy plot covers the frequency
band of 800.00 MHz to 3.0 GHz and the markers S1 and S2 indicate the
GSM900 and DCS1800 centre frequencies respectively. The response is as
expected of a PILA on a PCB of the dimensions given.

The impedance of a PIFA with an open circuit load is given by the
equation (11). This can be used to simulate the effect of the slot in the top
plate of the antenna 10.

The analysis starts by connecting the feeds F1 and F2 together and
applying common and differential voltages to feeds F1 and F2 (together) and
to the feed F3. Then equation (11) is used to simulate the condition where the
feed F3 is open circuit by way of the summation of the radiating and balanced
modes. The resulting S1 for all modes is shown in Figure 10. The Si4 for the
Radiating + Balanced modes is shown using “x” and is referenced RAD/BAL,
the Balanced mode has been shown using “¢” and is referenced BAL and the

iw_n

Radiating mode has been shown using “e” and is referenced RAD. In Figure
10 the various markers are as follows:

r1 radiating mode, Zr at GSM centre frequency

r2 radiating mode, Zr at DCS centre frequency

b1 balanced mode, Zg at GSM centre frequency

b2 balanced mode, Zg at DCS centre frequency

rb1  summation of radiating and balanced modes (including

Koo multiplication) at GSM centre frequency
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rb2  summation of radiating and balanced modes (including
Kqo multiplication) at DCS centre frequency

At GSM and DCS frequencies the radiating mode impedance is close to
that of a PILA without a slot, indicating that the slot has little effect on the
radiating mode at these frequencies. There is, however, some effect at higher
frequencies.

In the balanced mode the slot simply acts as a reactance, that is, a
short circuit transmission line.

It can be seen from Figure 10 that the slot length and the current
sharing factor have been optimised such that the summation (series
connection) of the radiating and balanced modes gives resonance at both
GSM and DCS frequencies. This requires a long slot, partly because the
antenna is slightly smaller than is usual.

Figure 11 shows the S¢; when the feed F3 (Figure 8) and its associated
pin are removed (as they would be in the final design). It is observed that the
length of the balanced mode transmission line is shortened somewhat,
increasing the resonant frequencies, but otherwise the response is nominally
the same.

The foregoing analysis gives a new insight into the behaviour of dual-
band PIFAs. The antenna does not operate as two connected resonators but
as a single resonator that is series reactively tuned by a short circuit
transmission line.

This transmission line can be replaced by a parallel L-C resonator, as
shown Figures 2 to 4, without fundamentally changing the operation of the
antenna. Also since the slot is subject to detuning, for example, when a user
puts a finger across the antenna 10 (as very often happens in practice), it is
advantageous to use a discrete circuit, which will suffer litle or no user
interaction.

As shown in Figure 6 the transmission line can also be replaced by any

other predominantly reactive network 56.
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The present invention is applicable to dual band antennas having a slot
replaced by a resonator and to single band antennas in which the slot is
replaced by a simple inductance.

In the present specification and claims the word “a” or “an” preceding an
element does not exclude the presence of a plurality of such elements. Further,
the word “comprising” does not exclude the presence of other elements or steps
than those listed.

From reading the present disclosure, other modifications will be
apparent to persons skilled in the art. Such modifications may involve other
features which are already known in the design, manufacture and use of
planar antennas and component parts therefor and which may be used instead
of or in addition to features already described herein. Although claims have
been formulated in this application to particular combinations of features, it
should be understood that the scope of the disclosure of the present
application also includes any novel feature or any novel combination of
features disclosed herein either explicitly or implicitly or any generalisation
thereof, whether or not it relates to the same invention as presently claimed in
any claim and whether or not it mitigates any or all of the same technical
problems as does the present invention. The applicants hereby give notice
that new claims may be formulated to such features and/or combinations of
such features during the prosecution of the present application or of any

further application derived therefrom.
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CLAIMS

1. A planar antenna assembly comprising a printed circuit board
(PCB) (12) having a ground plane (16) and rf circuitry thereon, a patch
antenna (10), means for mounting the patch antenna such that it is spaced
from the ground plane, and a feed (36) for coupling the patch antenna (10) to
the rf circuitry, the feed comprising components for reactively tuning the
antenna by tuning a relatively lower frequency inductively and a relatively
higher frequency capacitively.

2. An antenna as claimed in claim 1, characterised in that the

components comprise a series connected, parallel L-C network (42).

3. A communications apparatus comprising a housing (40)
containing a printed circuit board (PCB) (12) having a ground plane (16) and rf
circuitry thereon, a planar antenna (10) spaced from the ground plane, a
dielectric (14) between the PCB and the planar antenna, and a feed (36)
coupling the planar antenna (10) to the rf circuitry, the feed comprising
components for reactively tuning the antenna by tuning a relatively lower

frequency inductively and a relatively higher frequency capacitively.

4. An apparatus as claimed in claim 3, characterised in that the

components are carried by the planar antenna.

5. An apparatus as claimed in claim 3, characterised in that the

components are mounted on the PCB.

6. An apparatus as claimed in claim 3,4 or 5, characterised in that

the antenna is a planar inverted-L antenna (PILA).
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7. An apparatus as claimed in any one of claims 3 to 6,
characterised in that the components comprise a series connected, parallel L-
C network (42).

5 8. An apparatus as claimed in any one of claims 3 to 6,

characterised in that the components comprise a transmission line (34).

9. A rf module comprising a printed circuit board (PCB) (12) having
a ground plane (16) and rf circuitry thereon, a planar antenna (10) spaced from
10 the ground plane, a dielectric (14) in a space between the PCB and the planar
antenna, and a feed (36) coupling the planar antenna (10) to the rf circuitry,
the feed comprising components for reactively tuning the antenna by tuning a
relatively lower frequency inductively and a relatively higher frequency
capacitively.
15
10. A module as claimed in claim 9, characterised in that the

components are carried by the planar antenna.

11. A module as claimed in claim 9 or 10, characterised in that the

20 components comprise a series connected, parallel L-C network (42).
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