EP 1471 597 A1

Europdisches Patentamt

(19) 0’ European Patent Office
Office européen des brevets

(11) EP 1471 597 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
27.10.2004 Bulletin 2004/44

(21) Application number: 04008891.6

(22) Date of filing: 14.04.2004

(51) Intcr.’”: HO1Q 1/22

(84) Designated Contracting States:
AT BEBG CHCY CZDE DKEE ES FIFR GB GR
HU IEIT LI LU MC NL PL PT RO SE SI SK TR
Designated Extension States:
AL HR LT LV MK

(30) Priority: 22.04.2003 JP 2003117048

(71) Applicant: Alps Electric Co., Ltd.
Tokyo 145-8501 (JP)

(72) Inventors:
¢ Nakamura, Yusuke
Otsuka-cho Ota-ku Tokyo 145-8501 (JP)
* Shigihara, Makoto
Otsuka-cho Ota-ku Tokyo 145-8501 (JP)

(74) Representative: Klunker . Schmitt-Nilson . Hirsch
Winzererstrasse 106
80797 Miinchen (DE)

(54) Card with built-in antenna

(57)  The present invention relates to a card with a
built-in antenna in which the resonant frequency of the
antenna can be effectively changed in response to the
received frequency. Also, the present invention relates
to the card with a built-in antenna which is detachable
to electronic apparatuses such as a portable information
terminal comprising a display screen.

The card with a built-in antenna 11 is a reception
apparatus for digital terrestrial television (DTTV) broad-
casting and is mounted on a portable information termi-
nal 1 comprising a liquid crystal display unit 2. In the

FiG. 1

card 11, an antenna element 12 and a tuner 13 are
mounted on a circuit board 14 inside an enclosing case
15, and a varactor diode 16 (variable capacitor ele-
ment), a resistor 17, etc are laid on the side of the an-
tenna element 12. The antenna element 12 is an invert-
ed F-type dielectric antenna for example, and can
change the resonant frequency of the antenna in re-
sponse to the received frequency by applying a DC bias
voltage from a tuner 13 to the varactor diode 16 and ef-
fectively changing the capacitance of the varactor diode
16.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a card with a
built-in antenna which is used being mounted on an
electronic apparatus comprising a display screen, in
particular, to the card with a built-in antenna suitable for
mounting on a portable information terminal capable of
receiving digital terrestrial television (DTTV) broadcast-

ing.
2. Description of the Related Art

[0002] In general, conventional retractable rod anten-
nas, are used as the antenna device used in portable
television receivers, because the rod antennas with the
length of tens centimeters are suitable for receiving the
frequency in VHF band. But a user must adjust the sen-
sitivity of the rod antenna by modifying the length of the
antenna or changing its angle or direction in response
to the received channel (received frequency) in order to
obtain the optimal reception sensitivity of the rod anten-
nas. Also, the rod antennas have the problem that it has
a burdensome projection and easily broken because
they must be extended to use.

[0003] However, in digital terrestrial television broad-
casting thatis soon to be introduced, a shortrod antenna
or a built-in antenna can be used because the lowest
frequency to be received is set to 470 MHz of UHF band.
In particular, the built-in antenna can change easily the
antenna resonant frequency by using a variable coil, so
thus it does not need vexatious sensitivity adjustment
and it may be used conveniently. Conventional tech-
niques propose that this kind of built-in antenna be as-
sembled inside a portable television receiver. The tech-
niques are referred to patent document 1 (the page 5
and Fig. 6 of Japanese Patent Application Publication
No. 2001-339329), for example.

[0004] However, in digital terrestrial television broad-
casting in which the length of the antenna can be com-
paratively short, the reception is intended for portable
information terminals such as PDAs (Personal Digital
Assistants) and cellular phones as well as dedicated tel-
evisionreceivers. In those cases, it can be assumed that
the antenna, tuner, and etc. for receiving digital terres-
trial television broadcasting are provided inside the body
of the apparatus such as PDAs and cellular phones in
advance. But if the antenna and tuner are assembled
into the card detachably mounted to the body of the ap-
paratus to form a card with a built-in antenna. The size
or weight of the apparatus can be reduced without re-
ducing the size of the display screen. Also, the appara-
tus can be used for another purpose by attaching an-
other card with a built-in antenna to the apparatus. Thus,
this built-in antenna card adds value because it pro-
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motes the multi-functionality of the apparatus. However,
in order to ensure good television broadcasting recep-
tion with a small antenna, the circuit that effectively
changes the resonant frequency of the antenna in re-
sponse to the received frequency is required. The card
with a built-in antenna comprising said circuit has not
yet been proposed.

SUMMARY OF THE INVENTION

[0005] This invention was made in consideration of
the aforementioned problems of conventional tech-
niques, and the object of the present invention is to pro-
vide a card with a built-in antenna in which the resonant
frequency of the antenna can be effectively changed in
response to the received frequency, and can be detach-
able to electronic apparatuses such as portable infor-
mation terminals comprising a display screen.

[0006] In order to achieve the above objects, the in-
vention provides a card with a built-in antenna which is
detachably mounted on a electronic apparatus compris-
ing a display screen capable of displaying image based
on a received radio signal, and the card with a built-in
antenna comprises an antenna element protruding from
the electronic apparatus to outside in a mounted state;
tuning control means for changing the resonant frequen-
cy of the antenna element in response to a received fre-
quency; and a tuner to which the received signal of an-
tenna element is input.

[0007] As such, in the card with a built-in antenna
comprising the tuning control means for changing the
resonant frequency of the antenna element in response
to a received frequency, the antenna element can be
smaller and still have the good reception sensitivity.
Thus, the present invention enables the entire card to
be compact in size while securing the space occupied
by tuner, etc.

[0008] In the above card with a built-in antenna, it is
preferable that a variable capacitor element such as a
varactor diode be used as the tuning control means. So
thus, it is possible to realize the tuning control for chang-
ing the resonant frequency of the antenna element in
response to a received frequency with simple construc-
tion. It is possible to effectively change the additional
capacitance of variable capacitor element by applying
the DC bias voltage from the tuner in order to change
the additional capacitance of the antenna element.
[0009] Inthe above card with a built-in antenna, when
the antenna element is a dielectric antenna in which a
radiating electrode is laid on the surface of a dielectric
substrate, the size of the antenna element can be re-
duced, the stable performance of the antenna can be
obtained, and the assembly performance improve be-
cause the modularized antenna element can be mount-
ed easily.

[0010] Furthermore, in the above card with a built-in
antenna, it is preferable that the received frequency be
within UHF band, and the tuner receive television signal.
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This invention is highly useful as the card with a built-in
antenna for receiving digital terrestrial television broad-
casting in which the lowest frequency to be received is
set to 470 MHz. In this case, the portable information
terminal which can at least be used as a television re-
ceiver is suitable for the electronic apparatus to mount
the above card with a built-in antenna thereon.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

Fig. 1 is a schematic structure diagram of the card
with a built-in antenna according to the first embod-
iment of the present invention.

Fig. 2 is a view for illustrating the card illustrated in
Fig. 1 mounted on a portable information terminal.
Fig. 3 is a perspective view of an antenna element
embedded in the card illustrated in Fig. 1.

Fig. 4 is a bottom view of the antenna element illus-
trated in Fig. 3.

Fig. 5 is a schematic structure diagram of the card
with a built-in antenna according to the second em-
bodiment of the present invention.

Fig. 6 is a perspective view of an antenna element
embedded in the card illustrated in Fig. 5.

Fig. 7 is a bottom view of the antenna element illus-
trated in Fig. 6.

Fig. 8 is a schematic structure diagram of the card
with a built-in antenna according to the third embod-
iment of the present invention.

Fig. 9 is a perspective view of an antenna element
embedded in the card illustrated in Fig. 8.

Fig. 10 is a bottom view of the antenna element il-
lustrated in Fig. 9.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0012] The preferred embodiments of the invention
will now be described with reference to the accompany-
ing drawings. Fig. 1 is a schematic structure diagram of
the card with a built-in antenna according to the first em-
bodiment of the present invention. Fig. 2 is a view for
illustrating said card mounted on a portable information
terminal. Fig. 3 is a perspective view of an antenna el-
ement embedded in said card. Fig. 4 is a bottom view
of the antenna element illustrated in Fig. 3.

[0013] The card with a built-in antenna 11 illustrated
in Fig. 1is a card type electronic device for receiving the
signal wave (horizontally polarized wave) of digital ter-
restrial television broadcasting whose frequency is be-
tween 470 MHz and 770 MHz. The card 11 is mounted
on the portable information terminal 1 of Fig. 2. The card
11 comprises a circuit board 14 on which an antenna
element 12 and a tuner 13 are mounted and which is
accommodated in an enclosing case 15. A varactor di-
ode 16 and a resistor 17 are laid on the side of the an-
tenna element 12 (Refer to Fig. 3).
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[0014] The antenna element 12 is an inverted F-type
dielectric antenna in which a radiating electrode 19, a
earth electrode 20, a feed terminal 21, a control terminal
22, etc are laid on the surface of a rectangular parallel-
epiped dielectric substrate 18. The dielectric substrate
18 is made of the dielectric material such as ceramics,
resins, etc. The electrodes 19, 20 and the terminals 21,
22 are made of a conductive layer such as a copper film,
respectively. On the top surface of the dielectric sub-
strate 18, the radiating electrode 19 has capacitor cou-
pling units C1, C2 at two positions and matches imped-
ance or adjusts additional capacitance by these capac-
itor coupling units C1, C2. On the bottom surface of the
dielectric substrate 18, the earth electrode 20 is con-
nected to a ground conductor 23 on the side of the circuit
board 14, and the feed terminal 21 and the control ter-
minal 22 are connected to the tuner 13. A high frequency
feed voltage is supplied to the feed terminal 21, and a
DC bias voltage (control voltage) is applied to the control
terminal 22.

[0015] The varactor diode 16 is a variable capacitor
element whose capacitance changes in response to the
applied DC bias voltage. One pole of the varactor diode
16 is connected to the resistor 17, and the other pole is
connected to the earth electrode 20. The resistor 17 for
deterring high frequency is connected to the control ter-
minal 22. The DC bias voltage is applied to the varactor
diode 16 through the resistor 17. The radiating electrode
19 is not affected by the DC bias voltage, because the
DC bias voltage is cut off by the capacitor coupling unit
C2.

[0016] Thetuner13isatunerforreceiving a television
signal. The signal (RF signal) received from the antenna
element 12 is input to the tuner 13. The tuner 13 proc-
esses the input signal and outputs this signal as an IF
signal to the liquid crystal display unit 2 of the portable
information terminal 1.

[0017] The portable information terminal 1 comprises
a slot 3 for detachably mounting the card with a built-in
antenna 11 therein. As shown in Fig. 2, when the card
with a built-in antenna 11 is mounted on the portable
information terminal 1, the antenna element 12 mounted
on one side of the card 11 protrudes from the portable
information terminal 1 to outside. When an image is dis-
played on the liquid crystal display unit 2 by receiving
the digital terrestrial television broadcasting, the card 11
is mounted on the portable information terminal 1 as
shown in Fig. 2, and the antenna element 12 operate as
the an inverted F-type antenna for receiving broadcast-
ing. In case the reception of the terrestrial television
broadcasting is terminated or the portable information
terminal 1 is used for another purpose by mounting an-
other card therein, the card with a built-in antenna 11 is
taken out from the slot 3.

[0018] The operation of the antenna element 12 will
be described in detail. The resonant frequency of the
antenna can be changed in response to the amplitude
of the DC bias voltage (control voltage) applied to the
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varactor diode 16, because the additional capacitance
of the antenna element 12 effectively changes in re-
sponse to the capacitance of varactor diode 16 (variable
capacitor element). That is, the resonant frequency of
the antenna element can be tuning-controlled in re-
sponse to a received frequency, because the additional
capacitance of the antenna element 12 can be effective-
ly changed by applying the DC bias voltage from the tun-
er 13 to the varactor diode 16 in order to change the
capacitance of the varactor diode 16. Thus, the image
signal received by the antenna element 12 can be proc-
essed by the tuner 13 and be displayed on the liquid
crystal display unit 2 of the portable information terminal
1 by synchronizing the resonant frequency of the anten-
na element with the received frequency.

[0019] As such, the card with a built-in antenna 11 ac-
cording to the first embodiment can obtain good recep-
tion sensitivity by the antenna element 12 with small
size, because it comprises the varactor diode 16 for
changing the resonant frequency of the antenna ele-
ment in response to a received frequency. Also, this in-
vention enables the entire card 11 to be compact in size
while securing the space occupied by the antenna ele-
ment 12, the tuner 13, etc. Further, this invention does
a credible job of tuning control of the resonant frequency
of the antenna element with a simple construction, be-
cause the method of controlling the capacitance of the
varactor diode 16 is very simple.

[0020] In the card with a built-in antenna 11 according
to the first embodiment, the antenna element 12 is a di-
electric antenna. Thus, the size of the antenna element
12 can be easily reduced and the stable performance of
the antenna element can be obtained. Also, the modu-
larized antenna element 12 can be accurately and easily
mounted on the circuit board 14. Further, the good re-
ception sensitivity can be expected even in a room
where the jitter of a polarized wave may occur with ease,
because this antenna element 12 is an inverted F-type
antenna which can receive both a vertically polarized
wave and a horizontally polarized wave.

[0021] In the first embodiment, although the varactor
diode 16 is attached to the antenna element 12 as the
variable capacitor element, the variable capacitor ele-
ment may be directly mounted on the circuit board 14.
Also, although the feed terminal 21 and the control ter-
minal 22 are respectively provided in the antenna ele-
ment 12 in the first embodiment, a feed voltage and a
DC bias voltage (control voltage) from the tuner 13 may
be superposed and supplied to one terminal provided in
the antenna element 12.

[0022] Fig. 5 is a schematic structure diagram of the
card with a built-in antenna according to the second em-
bodiment of the presentinvention. Fig. 6 is a perspective
view of an antenna element embedded in said card. Fig.
7 is a bottom view of the antenna element illustrated in
Fig. 6. In the Fig. 5 to Fig. 7, the same reference numer-
als refer to the same parts as Fig. 1 to Fig. 4.

[0023] The card with a built-in antenna 31 illustrated
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in Fig. 5 differs from the first embodiment in that the card
31 comprises a loop type antenna element 32. That is,
the antenna element 32 shown in Fig. 5 to Fig. 7 is a
loop type dielectric antenna comprising a band radiating
electrode 19 formed along the side surface of a rectan-
gular parallelepiped dielectric substrate 18. A capacitor
24 is interposed between the radiating electrode 19 and
the feed terminal 21. The feed terminal 21, a control ter-
minal 22 and an earth terminal 25 are provided on one
end side of the bottom surface of the dielectric substrate
18. The feed terminal 21 and the control terminal 22 are
connected to the tuner 13, and the earth terminal 25 is
connected to the ground conductor 23 on the side of the
circuit board 14. One pole of the varator diode 16 is con-
nected to the resistor 17, and the other pole is connected
to the earth terminal 25 through the radiating electrode
19. The resistor 17 for deterring high frequency is con-
nected to the control terminal 22. The DC bias voltage
(control voltage) is applied to the varactor diode 16
through the resistor 17. As shown in Fig. 5, the ground
conductor 23 is absent from the area of the circuit board
14 occupied by the antenna element 32 and the periph-
ery thereof in the side of the circuit board 14, but the
basic construction is same as that of the first embodi-
ment.

[0024] As such, in the card with a built-in antenna 31
according to the second embodiment, the radiating pat-
tern of the horizontally polarized wave is non-directional
because a loop type antenna is used as the antenna
element 32. Thus, even if the portable information ter-
minal comprising the card with a built-in antenna 31 fac-
ing any direction, it can receive the digital terrestrial tel-
evision broadcasting signal with the same reception
sensitivity. Also, if the loop type antenna element 32 is
used, itis hard for the antenna element 32 to be affected
by a human body.

[0025] Fig. 8 is a schematic structure diagram of the
card with a built-in antenna according to the third em-
bodiment of the presentinvention. Fig. 9 is a perspective
view of an antenna element embedded in the card. Fig.
10 is a bottom view of the antenna element illustrated
in Fig. 9. In the Fig. 8 to Fig. 10, the same reference
numerals refer to the same parts as Fig. 5 to Fig. 7.
[0026] The antenna element 42 of the card with a
built-in antenna 41 illustrated in Fig. 8 is a slightly differ-
ent loop type antenna from that of the second embodi-
ment. In the antenna element 42 of Fig. 8 to Fig. 10, a
long thin radiating electrode 19 is spirally laid along the
side surface of the rectangular parallelepiped dielectric
substrate 18. Also, the varactor diode 16 and the resistor
17 mounted on the top surface of the dielectric substrate
18 are respectively connected to the feed terminal 21
and the control terminal 22 through via holes 26, 27 that
penetrate the dielectric substrate 18. Since one end of
the radiating electrode 19 which is spirally extended is
connected to the varactor diode 16 on the top surface
of the dielectric substrate 18, it is also connected to the
feed terminal 21 through the via hole 26. Further, the
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other end of the radiating electrode 19 is connected to
the earth terminal 25 on the bottom surface of the die-
lectric substrate 18. Also, the basic construction of the
circuit board 14 is same as that of the second embodi-
ment.

[0027] As such, in the card with a built-in antenna 41
according to the third embodiment, it is possible to
lengthen the antenna without enlarging the dielectric
substrate 18, because the radiating electrode 19 of the
antenna element 42 is spirally laid. Thus, the small an-
tenna can receive a signal with a long wavelength. Also,
like the second embodiment, the radiating pattern of the
horizontally polarized wave is non-directional because
the antenna element 42 is a loop type antenna. Thus,
even if the portable information terminal faces any di-
rection, it can receive the digital terrestrial television
broadcasting signal with the same reception sensitivity.
Also, it is hard for the antenna element 42 to be affected
by a human body.

[0028] In the second and third embodiments, al-
though the varactor diode 16 is attached to the antenna
element 32 (42) as the variable capacitor element, the
variable capacitor element may be directly mounted on
the circuit board 14. Also, although the feed terminal 21
and the control terminal 22 are respectively provided on
the antenna element 32 (42) in the second and third em-
bodiments, a feed voltage and a DC bias voltage (con-
trol voltage) from the tuner 13 may be superposed and
supplied to one terminal provided on the antenna ele-
ment 32 (42).

[0029] The present invention according to the afore-
mentioned embodiments has effects as follows.

[0030] The present invention relates to the card with
a built-in antenna comprising the tuning control means
for changing the resonant frequency of the antenna el-
ement in response to a received frequency and enables
the small antenna element with the good reception sen-
sitivity. Thus, the present invention enables the entire
card to be compact in size while securing the space oc-
cupied by tuner, etc. Hence, if the card with a built-in
antenna is detachably mounted on a portable informa-
tion terminal comprising a display screen, it is very use-
ful as the card with a built-in antenna for receiving digital
terrestrial television broadcasting.

[0031] Further, if the variable capacitor element such
as a varactor diode is used as the tuning control means,
the additional capacitance of the antenna element can
be effectively changed by applying the DC bias voltage
from the tuner to the variable capacitor element in order
to change the capacitance thereof. Thus, the present
invention can realize a tuning control for changing the
resonant frequency of the antenna element in response
to a received frequency with simple configuration.
[0032] While the present invention has been de-
scribed in particular embodiments, it should be appre-
ciated that the present invention should not be con-
strued as limited by such embodiments, but rather con-
strued according to the following claims.
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Claims

1. A card with a built-in antenna which is detachably
mounted on a electronic apparatus comprising a
display screen capable of displaying image based
on a received radio signal, comprising:

an antenna element protruding from the elec-
tronic apparatus to outside in a mounted state;
tuning control means for changing the resonant
frequency of the antenna element in response
to a received frequency; and

a tuner to which the received signal of antenna
element is input.

2. The card with a built-in antenna of claim 1, wherein
a variable capacitor element is used as the tuning
control means.

3. The card with a built-in antenna of claim 1 or 2,
wherein the antenna element is a dielectric antenna
in which a radiating electrode is laid on the surface
of a dielectric substrate.

4. The card with a built-in antenna of claim 1, 2 or 3,
wherein the received frequency is within UHF band,
and the tuner receives television signal.

5. The card with a built-in antenna of claim 4, wherein
the electronic apparatus is a portable information
terminal which is used as a television receiver.
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