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@ Antenna structure used in portable radio device.

@ An antenna structure comprises a loop antenna
electrically connected to a high-frequency circuit of a
portable radio device. The antenna structure also
comprises a supplemental antenna including a coil
spring which is used for fixing a dry battery power-
ing the portable radio device, and a negative cylin-
drical conductor of the dry battery which conductor
is electrically connected with the coil spring. The coll
spring is placed to be inductively coupled to the
loop antenna. The longitudinal axis of the dry battery
is substantially perpendicular to a plane including
the loop antenna. Thus, deterioration in signal recep-
tion sensitivity due to the directivity of the loop
antenna can be compensated by the supplemental
antenna.
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ANTENNA STRUCTURE USED IN PORTABLE RADIO DEVICE

The present invention relates to an antenna
structure used in a portable radio device and, more
particularly, to an antenna structure suitable for a
portabie radio device operating in a UHF ulira high
frequency) band.

A loop antenna has been employed in a porta-
ble radio device, such as a paging receiver, for its
compactness. The loop antenna has sirong direc-
tivity. Thus, if the radio device is held so that the
loop antenna is in the direction of minimum sen-
sitivity, the signal reception sensitivity will be dete-
riorated. This problem will be discussed herein
referring to the accompanying drawings.

In order to avoid the problem mentioned
above, it is known to use a loop antenna with a
slender conductive element which is placed along
a line perpendicular to a plane including-the loop
antenna and intersecting at a center of the loop
antenna and which is inductively coupled to the
loop antenna. This antenna structure is, however,
not suitable for a portable radio device due to its
bulkiness.

An object of the present invention is, therefore,
to provide a generally improved antenna siructure
which eliminates the above-mentioned problems.

Another object of the present invention is to
provide an antenna structure suitable for a portable
radio device.

Yet another object of the present invention is to
provide an antenna structure having good direc-
tivity.

Still yet another object of the present invention
is to provide an antenna structure having a loop
antenna and a supplemental antenna which struc-
ture is compact while having a high antenna gain
even if the loop antenna is positioned to have a
minimum gain.

According to the present invention, there is
provided an antenna structure comprising a loop
antenna electrically connected to a high-frequency
circuit of a portable radio device. The antenna
structure also comprises a supplemental antenna
including a coil spring which is used for fixing a dry
battery powering the portable radio device, and a
negative cylindrical conductor of the dry battery
which conductor is electrically connected with the
coil spring. The coil spring is placed to be induc-
tively coupled to the loop antenna. The axis line of
the dry battery is substantially perpendicular to a
‘plane including the loop antenna. Thus, deteriora-
tion in signal reception sensitivity due to the direc-
tivity of the loop antenna can be compensated by
the supplemental antenna.
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Brief Description of the Drawings

The above and other objects, features and ad-
vantages of the present invention will become more
apparent from the following description referring to
the accompanying drawings, in which:

Fig. 1 is a perspective view showing a prior
art antenna structure employed in a portable radio
device;

Fig. 2A and 2B are perspective view for
explaining the directivity of the Fig. 1 antenna
structure;

Fig. 3 is a graph illustrating the horizontal
gain characteristics of the Fig. 1 antenna siructure;

Fig. 4 is a block diagram of a radio paging
receiver embodying the present invention;

Fig. 5 is a schematic circuit diagram show-
ing an antenna structure and a high-frequency cir-
cuit of the receiver shown in Fig. 4;

Fig. 6 is a Smith chart plot of an impedance
characteristic of a supplemental antenna within the
antenna structure shown in Figs. 4 and 6;

Fig. 7 is a perspective view showing an
antenna structure according to an embodiment of
the present invention;

Figs. 8A and 8B are perspective views for
explaining the directivity of the Fig. 7 antenna
structure; and

Fig. 9 is a graph illustrating the horizontal
gain characteristics of the Fig. 7 antenna structure.

Detailed Description of the Preferred Embodiments

To better understand the present invention, the
prior art antenna structure used in a radio paging
receiver will first be described. In Fig. 1, the radio
paging receiver includes a housing 1 accommodat-
ing communication circuitry 2, a loop antenna 3, a
connecting pattern 3a, a dry battery 4 and a print-
ed circuit board 5. The loop antenna 3 is mounted
on the printed circuit board 5 and electrically con-
nected through the connecting pattern 3a to the
communication circuitry 2.

Since the loop antenna 3 has strong diractivity,
it is mounted on the board 5 so that the antenna 3
has a maximum gain with respect to a vertical
polarized wave A in a standard use condition
shown in Fig. 2A. When the receiver is held by the
user .as shown in Fig. 2B, however, the antenna
gain is extremely deteriorated and thus the signal
reception sensitivity is decreased, as mentioned
earlier.
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Fig. 3 shows the horizontal paging sensitivity
characteristics of loop antenna shown in Figs. 1, 2A
and 2B. The gain characteristics were obtained for
a prior art antenna 1 mounted on a paging receiver
and receiving a signal of 900 MHz. The solid line
A1l indicates horizontal sensitivity in free space for
the condition of Fig. 2A. Dotted line B1 indicates
horizontal sensitivity in free space for the condition
of Fig. 2B. As can be seen from the Fig. 3 graph,
the sensitivity indicated by the dotted line B1 is
deteriorated in all directions, compared with the
sensitivity indicated by the solid line A1. Thus, the
prior art antenna structure shown in Figs. 1. 2A and
2B is not suitable for a portable radio device, such
as a paging receiver.

Fig. 4 shows a block diagram of a paging
receiver embodying the present invention. In Fig. 4,
a loop antenna 61 picks up a radio signal and
supplies it to a receiver section 62. The receiver
section 62 amplifies, frequency converts and de-
modulates the radio signal to produce a demodu-
lated baseband signal. The baseband signal is sup-
plied to a decoder 63 at which the baseband signal
is wave shaped and compared with a paging num-
ber assigned to the paging receiver and stored
therein. If the baseband signal contains a paging
number identical with the stored paging number,
the decoder 63 will produce an alert signal. Upon
the alert signal, a driver 64 drives a speaker 65 to
generate an alert sound, so that the user is in-
formed of being paged. The driver 64 and the
speaker 85 may constitute an annunciator means.

A battery 66 applies power through a line 69 to
the receiver section 62, decored 63 and driver 84.
The positive terminal 66a of battery 66 is con-
nected through a capacitor 68 to common potential.
The negative terminal 66b of the battery is con-
nected to the common potential through a coil
spring 67. The negative terminal 68b and the coil
spring 67 constitute a supplemental antenna which
is inductively coupled to the loop antenna 61. A
radio signal picked up by the supplemental an-
tenna (66b, 67) is supplied to the loop antenna 61
and then to the receiver section 62. The sup-
plemental antenna is arranged to compensate dete-
rioration in the antenna gain due to the directivity of
the loop antenna 61.

In Fig. 5, a radio signal picked up by the loop ’

antenna 61 and by the supplemental antenna (66D,
67) is applied to a base of a high-frequency tran-
sistor amplifier 73 through a resonance matching
circuit composed of a variable capacitor 70 and a
capacitor 71. The variable capacitor 70 is con-
nected between the loop antenna 61 and the com-
mon potential. The capacitor 71 is connected be-
tween the loop antenna 61 and the base of transis-
tor 73. The common-emitter transistor 73 amplifies
the radio signal and supplies the amplified signal to
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a frequency converter within the radio section 62. A
resistor 75 is inserted between the base of transis-
tor 73 and the battery 66. A capacitor 76 is in-
serted between the base of the transistor 73 and
the common potential. A resistor 72 is a bias
resistor of transistor 73. A pattern inductance ele-
ment 74 is of a collector load of transistor 73.

When disconnecting the coil spring 67 from the
common potential and measuring the impedance
between the open terminal of spring coil 87 and the
common potential, the measured impedance is
plotted on the Smith chart of Fig. 6. The measured
impedance does not change even if the positive
terminal 66a is opened, i.e., the capacitor 68 and
the line 69 are eliminated from the battery 66. In
other words, the measured impedance is domi-
nated by the negative terminal 86b and coil spring
67 and not affected by the positive side circuitry of
battery 66.

By inductively coupling the supplemental an-
tenna (66b, 67) to the loop antenna 61, a high-
frequency power induced on the supplemental an-
tenna is passed to the loop antenna 61 and then to
the transistor amplifier 73. Furthermore, by making
the supplemental antenna intersect perpendicularly
to a plane including the loop antenna 61, the sup-
plemental antenna compensates for deterioration in
the signal reception sensitivity caused by the direc-
tivity of the loop antenna 61.

In Fig. 7, a housing 11 and communication
circuitry 12 are indicated by an imaginary line and
a dotter -line, respectively. The circuitry 12 may
include the receiver section 62, the decoder 63, the
driver 64 and the speaker 65 shown in Fig. 4. A
loop antenna 13 is composed of a substantially
loop shaped conductor. The loop antenna 13 is
connected with a common potential pattern 12a -
through a conductive pattern 13a of printed circuit
board 15 and corresponds to the loop antenna 61
of Figs. 4 and 5.

One end of a coil spring, or helical conductor,
16 is in contact with the negative terminal 14b of a
dry battery 14 whose cylindrical conductor 14c¢ has
the same potential as the negative terminal 14b.
The other end of coil spring 18 is connected with
the negative terminal projection 17 which in turn is
connected with the the common potential pattern -
12a through a conductive paftern 14a. The coil
spring 16 and the battery negative terminal 14b
and 14c constitute a supplemental antenna cor-
responding to the supplemental antenna (66b, 67)
of Figs. 4 and 5.

The combined lengths of the battery 14 and
the coil spring 16 is set equal to one quarter of a
wavelength used. Thus, the supplemental antenna
constitutes a base-loaded antenna whose electricai
length is increased by the addition of loading coil
(16) in series with the antenna (14b) at the com-
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mon potential. The combined lengths may instead
be set to an odd multiple of one quarter of the
used wavelength. It is, however, not desirable to
set the combined lengths to a value other than one
quarter of the wavelength, because the longer the
combined lengths becomes, the more bulky the
antenna structure.

The supplemental antenna having the coil
spring 16 and the cylindrical battery conductor 14c
is substantially perpendicular to a plane including
the loop antenna 13 and substantially along a line
intersecting perpendicularly the center of the loop
of loop antenna 13. In other words, the axis line of
the battery substantially perpendicularly intersects
the center of the loop of loop antenna 13. Thus, if
the radio device is placed as shown in Fig. 8A so
that the plane including the loop antenna 13 is
paraliel to the vertical polarized wave A, the loop
antenna 13 operates like the prior art antenna (Fig.
1) and induces maximum power while the sup-
plemental antenna induces minimum power. On the
other hand, if the radio device is placed as shown
in Fig. 8B so that the axis line of the battery 14 is
parallel to the vertical polarized wave A, the sup-
plemental antenna operates as a main antenna and
induces maximum power while the loop antenna 13
induces minimum power. Since the supplemental
antenna, especially the loading coil 186, is induc-
tively coupled to the loop antenna 13, no deteriora-
tion in the signal reception sensitivity occurs even
if the loop antenna 13 is placed to induce minimum
power.

In Fig. 8, the horizontal paging sensitivity em-
bodying the present invention in free space are
shown. The plot of Fig. 9 is obtained using an
antenna according to this invention mounted on a
paging receiver and receiving a signal at a fre-
quency of 900 MHz. Solid line A2 indicates a
horizontal sensitivity measured for the paging re-
ceiver placed as shown in Fig. 8A. Dotier line B2
indicates a horizontal sensitivity measured for the
paging receiver placed as shown in Fig. 8B. Be-
cause of the supplemental antenna, no deteriora-
tion in either cases occurs.

By comparing the sensitivity along a common
direction, the present antenna (Fig. 7) has been
determined to have a gain of -10 dB relative to a
half-wave dipole while the prior art antenna (Fig. 1)
has a gain of -30 dB relative o a half-wave dipole.
Thus, the antenna gain of about 20 dB can be
improved according to the present invention.

In practical, the wavelength at 900 MHz is
about 33.3 centimeters one quarter of which is
around 8.3 centimeters. The length of the negative
cylindrical conductor of the dry battery is about 4.2
centimeters. Thus, the effective length of the coil
spring 16 is around 4.0 centimsters. One end of
the coil spring is in contact with the negative termi-
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nal 14b of the battery. This contact portion of the
coil spring does not contribute to its effective
length. The portion other than the contact portion
should be made as thick as possible to reduce the
inductance.

In summary, according to the present inven-
tion, the antenna structure has a supplemental an-
tenna inductively coupling o the loop antenna and
including a coil spring and the battery negative
cylindrical conductor which is perpendicularly to a
plane including the loop anienna. Thus, even if the
gain of the loop antenna is reduced due to its
directivity, such gain reduction can be compen-
sated by the supplemental antenna.

Claims

1. An antenna structure used in a portable
radio device, comprising:
battery means for supplying power to said radio
device, said battery means having a negative ter-
minal and a cylindrical conductor electrically con-
nected with said negative terminal;
loop antenna means, one end of which is con-
nected to a common potential and the other end of
which is connected to said portable radio device,
the longitudinal axis of said battery means being
substantially perpendicular to a plane including
said loop antenna; and
coil spring means one end of which is connected to
said common potential and the other end of which
is connected to said negative terminal, said coil
spring means being inductively coupled to said
loop antenna means.

2. An antenna structure as claimed in claim 1,
wherein the sum of the lengths of said coil spring
means and said cylindrical conductor is substan-
tially one quarter of a wavelength used by said
radio devics.

3. An antenna structure as claimed in claim 1
or 2, wherein said radio device is 2 900 MHZ drive,
and whersin the length of said coiled spring means
is substantially equal to 4.0 centimeters, and
wherein the length of said cylindrical conductor is
substantially equal to 4.2 centimeters.

4. An antenna structure as claimed in any one
of claims 1 to 3, wherein said radio device com-
prises:
receiver section means for receiving a radio signal
from said loop antenna and for demodulating said
radio signal to produce a demodulated signal;
decoder means for comparing a paging number
contained in said demodulated signal with a paging
number assigned to said radio device and for pro-
ducing an alert signal if they are identical; and
annunciator means responsive to said alert signal
for generating an alert sound.
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5. An antenna structure as claimed in claim 4,
wherein said annunciator means comprises speak-
er means and driver means responsive to said alert
signal for driving said speaker to generate said
alert sound.

8. An antenna structure as claimed in claim 4
or 5, wherein said received section comprises:
resonant matching circuit means whose input is
connected with said other end of said loop antenna
means, and amplifies means for amplifying the
output of said resonant matching circuit means and
for supplying the amplified signal to said decoder
means.

7. An antenna structure as claimed in claim 6,
wherein said resonant matching circuit means com-
prises a variable capacitor connected between said
other end of said loop antenna means and said
common potential; and a capacitor connected be-
tween said other end of said loop antenna means
and the input of said ampiifier means.

8. An antenna structure as claimed in claim 6
or 7, wherein said amplifier means comprises a
transistor whose base, emitter and collector are
connected with the output of said resonant match-
ing circuit means, with said common potential and
with the output of said amplifier means, respec-
tively; a resistor connected between said base and
said dry battery means; and an inductance element
connected between said collector and said dry
battery means.

9. An antenna used in a portable radio device,
comprising:
loop antenna means for picking up a radio signal;
and
supplemental antenna means for picking up a radio
signal, said supplemental antenna means having
first conductor means inductively coupled o said
loop antenna means and second conductor means
electrically connected with said first conductor
means and substantially perpendicular to a plane
including said loop antenna means.

10. An antenna as claimed in claim 9, wherein
said first conductor means comprises a helically
shaped conductor and said second conductor
means comprises a cylindrical conductor.

11. An antenna as claimed in claim 10, wherein
said cylindrical conductor comprises a negative
cylindrical conductor of a battery, said battery sup-
plying power to said radio device and wherein said
helically shaped conductor comprises a negative
coil spring terminal electrically connecting a nega-
tive terminal of said battery with said radio device
and fixing said battery.

12. An antenna as claimed in claim 11, wherein
said radio device comprises a radio paging re-
ceiver.

13. An antenna as claimed in claim 11 or 12,
wherein the sum of the lengths of said coil spring
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and said cylindrical conductor is substantially pro-
portional to one quarter of a frequency used in said
radio device.

14. An antenna as claimed in any one of claims
12 to 13, wherein said radio paging receiver is
used at 900 MHz, and wherein the length of said
negative spring terminal is substantially equal to
40 centimeters, and wherein the length of said
negative cylindrical conductor is substantially equal
to 4.2 centimeters.

15. An antenna comprising:

a first conductor formed as a loop and connected
through a resonant maiching circuit to a commu-
nication circuit; and

a second conductor arranged along a linear line
substantially perpendicular to a plane including
said loop, intersecting said plane at a substantial
center of said loop and having an electric length in
its longitudinal direction approximated to an odd
multiple of one-fourth of an operating wavelength,
said second conductor including a negative elec-
trode cylinder of a battery and a helical conductor,
said helical conductor being in contact with an
outer surface of a portion of said cylinder to con-
nect a negative potential of said battery to common
potential of said communication circuit.

16. An antenna as claimed in claim 15, wherein
said communication circuit operates at 900 MHz,
and wherein said cylinder substantially has the
length of 4.2 centimeters, and wherein said helical
conductor substantially has the length of 4.0 centi-
meters.

17. An antenna as claimed in claim 15 or 16,
wherein said communication circuit comprises a
radio paging receiver.

18. A paging recsiver comprising:
antenna means for picking up a radio signal;
receiver section means connected to said antenna
means for demodulating said radio signal to pro-
duce a baseband signal;
decoder means for detecting from said baseband
signal a paging number assigned to said paging
receiver;
annunciator means responsive to the detection of
said paging number for generating an alert signal;
and
battery means for supplying power to said receiver
section means, decoder means and annunciator
means,
wherein said battery means comprises a dry bat-
tery having a cylindrical conductor and a negative
terminal electrically connected with said cylindrical
conductor,
and wherein said antenna means comprises:

a loop antenna connected between said receiver
section and ¢common potential of said receiver, the
longitudinal axis of said cylindrical conductor being
substantially perpendicular to a plane including
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said loop antenna; and

a coil spring connected between said negative ter-
minal and said common potential for fixing said dry
battery, said coiled spring being inductively coup-
led to said loop antenna.

19. A paging receiver as claimed in claim 18,
wherein the sum of the lengths of said cylindrical
conductor and said coil spring is substantially pro-
portional to an odd multiple of one quarter of a
frequency used in said paging recsiver.

20. A paging receiver as claimed in claim 19,
wherein the number of said odd multiple is one.

21. A paging received as claimed in any one of
claims 18 to 20, wherein the length of said cylin-
drical conductor is substantially equal to 4.2 centi-
meters, and wherein the length of said coil spring
is substantially equal to 4.0 centimeters.

22. An antenna structure comprising:
loop antenna means electrically connected fo a
high-frequency circuit of a portable radio device;
and
supplemental antenna means having a coil spring
which fixes a dry battery powering said portable
radio device, and a cylindrical conductor of said
dry battery which conductor is electrically con-
nected with said coil spring, said coil spring being
placed to be inductively coupled to said loop an-
tenna means, the longitudinal axis of said cylin-
drical conductor being substantially perpendicular
to a plane including said loop antenna means.

23. A method of picking up a radio signal for a
portable radio device powered by a battery and
including a loop antenna, said method comprising
the following steps of:
connecting one end of said loop antenna with com-
mon potential of said radio device;
connecting one end of a coil spring with said
common potential;
connecting the other end of said coil spring with a
negative terminal of said battery;
placing said battery so that the longitudinal axis of
a negative cylindrical conductor of said battery is
substantially perpendicular to a plane including
said loop antenna;
placing said coil spring so that said coil spring
inductively couples to said loop antenna.

24. A method as claimed in claim 23, further
comprising the steps of:
demodulating a radio signal from said loop antenna
to produce a demodulated signal;
detecting from said demodulated signal a paging
number assigned to said radio device to produce a
detection signai; and
responsive {0 said detection signal, generating an
alert signal. -
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