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(54) Antenna for radio telephone

(57)  Provides an antenna for a radio telephone
whereby, in a state wherein a rod-shaped antenna (10)
is extended to outside the case (50) of the radio tele-
phone, the effects of the human body are negligible and
emission of radio waves at an angle close to the hori-
zontal direction is possible, and in a state wherein the
rod-shaped antenna (10) is retracted within the case
(50), no unwanted radiation is produced. For this pur-
pose, a helical antenna (20) having an electrical length
of A/4 and the rod-shaped antenna (10) extendable and
retractable with respect to the case (50) through the hol-
low central portion of the helical antenna (20) and hav-
ing an electrical length of about 3A/8 and inductive
reactance, are electrically coupled by means of an elec-
trostatic coupling portion (30) having capacitive reac-
tance such that, in the state wherein the rod-shaped
antenna (10) is extended from the case (50), the induc-
tive reactance of the rod-shaped antenna (10) is can-
celed out. The length of the bottom portion (12a) of the
connecting member (12) is preferably set to a length
such that when the rod-shaped antenna (10) is
retracted within the case (50), the bottom portion (12a)
of the connecting member (12) passes through the hel-
ical coil (20) over the entire length thereof, severing
electrical coupling between the helical antenna (20) and
the rod-shaped antenna (10).
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an antenna for a radio telephone, and more particularly to an antenna for a
radio telephone for use in a cellular, PHS (Personal Handy Phone System), or other mobile phone system.

Description of the Related Art

[0002] Today, cellular, PHS, and other mobile phone systems enjoy widespread use. The radio telephones (tele-
phones) used in such systems have in recent years become increasingly more compact and lightweight, creating a
need to make the antennas used therefor smaller in association with the smaller size and lighter weight of the radio tel-
ephones.

[0003] An extendible/retractable antenna used by extending a rod-shaped antenna from the case of the radio tele-
phone to communicate in locations where electric field strength is weak, and retracting the rod-shaped antenna into the
case of the radio telephone to make it convenient to hold and walk when being carried about, and that stands by to
receive calls with a helical antenna alone is commonly known as a conventional radio telephone antenna of this type.
[0004] For example, there is known an antenna of the kind depicted in Fig. 11, wherein a conductor 71 constituting
the main body of a rod-shaped antenna 70 is provided at the distal end thereof via an insulating connecting member 72
and a conducting connector 82 with a helical coil 81 constituting the main body of a helical antenna 80 (hereinafter
termed "antenna of Conventional Art Example 1"). Where A represents the wavelength of the service frequency, the
electrical length of the rod-shaped antenna 70 is established in the vicinity of A/4 and the electrical length of the helical
antenna 80 is established at A/4. When the antenna of Conventional Art Example 1 is extended from the case 50 of the
radio telephone (Fig. 11a), a high-frequency electric current from a power supply point 41 provided to the circuit board
40 of the radio telephone is supplied through a connecting lead 42 and via a metal retaining member 91 and a fastener
92 so as to excite the antenna 70. The helical coil 81 provided to the distal end of the conductor 71 is insulated by
means of the connecting member 72, so the high-frequency electric current supplied by the power supply point 41 is
obstructed by the connecting member 72 and does not excite the helical antenna 80. That is, in the state of the antenna
being extended from the case 50, radio waves are emitted from the rod-shaped antenna 70 exclusively, and radio waves
are not emitted from the helical antenna 80.

[0005] Meanwhile, when the rod-shaped antenna 70 is retracted within the case 50 (Fig. 11b), high-frequency electric
current supplied by the power supply point 41 of the radio telephone through the connecting lead 42 and via the con-
ducting connector 82 excites the helical antenna 80. The rod-shaped antenna 70 retracted within the case 50 is not
excited since the high-frequency electric current is obstructed by the connecting member 72.

[0006] Thatis, as shown in Fig. 12 the antenna of Conventional Art Example 1 is such that that when the rod-shaped
antenna 70 is extended from the case 50 for use, sending and reception are carried out exclusively by the rod-shaped
antenna 70 of electrical length in the proximity of A/4, and where the rod-shaped antenna 70 is retracted within the case
50 for use, sending and reception are carried out exclusively by the helical antenna 80 of electrical length of A/4.
[0007] Also known is an antenna like that depicted in Fig. 12, wherein a helical coil 81 is arranged at the distal end of
a conductor 11 via a conducting connector 73 only (hereinafter termed "antenna of Conventional Art Example 2"). A
rod-shaped antenna 74 comprises a conductor 71 and a connector 73, the electrical length thereof being established
at /2, including the conductor 71 and the connector 73. The electrical length of a helical antenna 80 comprising a hel-
ical coil 81 is established at A/4.

[0008] The conductor 71 and the helical coil 81 are electrically connected by means of the connector 73, and thus
when the antenna of Conventional Art Example 2 is in a state extended from the case 50 (Fig. 12a), high-frequency
electric current from a power supply point 41 supplied through a connecting lead 42 and via a metal retaining member
91 and a fastener 92 excites the rod-shaped antenna 74 as well as exciting the helical antenna 80. The electrical length
of the rod-shaped antenna 74 is A/2 and the electrical length of the helical antenna 80 is A/4, so in a state with the rod-
shaped antenna 74 extended from the case 50, the total electrical length of the rod-shaped antenna 74 and the helical
antenna 80 is 3A/4.

[0009] Meanwhile, in a state with this antenna retracted within the case 50 (Fig. 12b), high-frequency electric current
from the power supply point 41 of the radio telephone supplied through the connecting lead 42 and via the connector
73 excites not only the helical antenna 80 but also the rod-shaped antenna 74 retracted within the case 50.

[0010] That s, this antenna of Conventional Art Example 2 is such that, in the event that the rod-shaped antenna 72
is extended from the case 50, the rod-shaped antenna 3 of electrical length of A/2 and the helical antenna 4 of electrical
length of A/4 are simultaneously excited to carry out sending and reception as an antenna of electrical length of 3A/4,
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and in the event of use with the rod-shaped antenna 74 retracted within the case 50, sending and reception are carried
out through parallel operation of the rod-shaped antenna 74 of electrical length of A/2 and the helical antenna 80 of elec-
trical length of A/4.

[0011] As is well known, emission within a vertical plane by a rod-shaped antenna of electrical length of A/4 is directed
downward with respect to the horizontal direction, which is a cause of lowered sensitivity in the horizontal direction.
Accordingly, the antenna of Conventional Art Example 1 having a rod-shaped antenna 70 of electrical length of A/4 has
this problem of lowered sensitivity. Since the rod-shaped antenna 70 is a grounded type antenna, when the radio tele-
phone is used by pressing against the ear, there is the problem of the impedance characteristic, etc., fluctuating due to
the effects of the human body.

[0012] Further, in the antenna of Conventional Art Example 1, in the state with the rod-shaped antenna 70 extended
from the case 50, the helical antenna 80 functions merely as a grip for extending and retracting the rod-shaped antenna
70 with respect to the case 50, and efficiency is poor given the size of the antenna.

[0013] Since it is common to manufacture the conductor 71 using a member of small diameter having good elasticity,
the arrangement of a helical coil 81 having large mass at the distal end thereof creates susceptibility to vibration due to
external pressure, the amplitude thereof being large, creating susceptibility to mechanical or electrical noise and posing
the risk that the retaining power of the retaining member 91 may deteriorate.

[0014] Further, the connecting member 72 of this antenna of Conventional Art Example 1 has a problem in terms of
flexural strength, and depending on the length thereof breakage may occur with repeated flexing. Improving the flexural
durability requires means such as lengthening the length, etc., but by so doing the total length of the rod-shaped
antenna 70 will become physically long, creating the problem of not being retractable into the case at the time of retrac-
tion.

[0015] Meanwhile, as is well known, emission within a vertical plane by an antenna of electrical length of 3A/4 is split
into two directions with respect to the horizontal direction, with the main emission being upward-directed, and remains
slightly in the horizontal direction as sub-emission. Accordingly, in the antenna of Conventional Art Example 2, wherein
transmission and reception are carried out as an antenna of electrical length of 3A/4 when the rod-shaped antenna 74
is extended, in the state with the rod-shaped antenna 74 extended from the case 50, there will be as a result the prob-
lem of lowered sensitivity in the aforementioned horizontal direction. This antenna of Conventional Art Example 2 is a
grounded type antenna as is the antenna of Conventional Art Example 1, and thus when the radio telephone is used by
pressing against the ear, there is the problem of the impedance characteristic, etc., fluctuating due to the effects of the
human body.

[0016] Further, the length of the antenna of Conventional Art Example 2 is close to twice the length of the antenna of
Conventional Art Example 1, and, as in Conventional Art Example 1, it is common to manufacture the conductor 11
using a member of small diameter having good elasticity; further, a helical coil 81 having virtually the same weight as
in Conventional Art Example 1 is provided at the distal end thereof, creating susceptibility to vibration due to external
pressure, the amplitude thereof being large, creating susceptibility to mechanical or electrical noise and posing the risk
that the retaining power of the retaining piece may deteriorate. Further, the antenna of Conventional Art Example 2 has
the problem that the electrical length of the rod-shaped antenna 74 is long when retracted, so that it cannot be physi-
cally accommodated within the increasingly more compact cases of recent years.

[0017] Further, when the rod-shaped antenna 74 is retracted within the case 50, not only the helical antenna 80 but
also the rod-shaped antenna 74 retracted within the case 50 are excited, with the result that radio waves can be emitted
within the case 50 as well. When used in a location with strong reception or electric field strength, for example,
unwanted radio waves are emitted from the rod-shaped antenna 74 with the case (hereinafter termed "unwanted radi-
ation"), causing interference, etc., and posing the problem of adverse effects on the electric circuits within the case 50.
To prevent this, there is required special means such as electromagnetically shielding the portion housing the rod-
shaped antenna 74. However, this runs counter to the trend of compactness and lighter weight on the part of radio tel-
ephones.

[0018] As a way to resolve the problems pertaining to the antennas of Conventional Art Examples 1 and 2, and par-
ticularly the problem of electrical length with the rod-shaped antenna extended from the case and of unwanted radiation
with it retracted within the case, there has been proposed an antenna wherein the electrical length of the rod-shaped
antenna is set to 3A/8 and the electrical length of the helical antenna to A/4, and designed such that when the rod-
shaped antenna is extended to the outside of the case, the basal end of the conductor and the basal end of the helical
coil are connected in common to a power supply portion and co-operate, and when the rod-shaped antenna is retracted
within the case, only the helical antenna is connected to the power supply portion (see Japanese Unexamined Patent
Publication No. 8(1996)-23216; hereinafter "Conventional Art Example 3").

[0019] However, the antenna of Conventional Art Example 3 has the problem of being impossible to realize in terms
of antenna engineering. Specifically, it is stated that, "when the rod-shaped antenna element is extended to the outside
of the case, the basal end of the rod-shaped antenna element (conductor) and the basal end of the helical antenna ele-
ment (helical coil) are connected in common to a power supply portion. Thus, the two antennas co-operate". However,
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the impedance of the helical antenna of electrical length of A/4 is nominally Z = R + j0, and the impedance of the other
rod-shaped antenna of electrical length of 3A/8 is Z =R + jX, and thus where the two antennas are connected at the
basal ends thereof and the two antennas are postulated to be R = 50 ?, the composite impedance is
Z_ =50/2 +jX =25 +jX. Further, since the means for canceling out the inductive reactance + jX of the rod-shaped
antenna is unclear, base impedance of Z = 50 £ j0 on the part of the antenna cannot be realized, and thus the antenna
is not realizable.

[0020] As shownin Figs. 11 and 12, in the antenna of either Conventional Art Example 1 or 2 the metal retaining mem-
ber 91 etc. is arranged in proximity to the power supply portion 41, thus creating between the retaining member 91 and
the power supply portion 41 a large free electrostatic capacitance that cannot be ignored in terms of antenna engineer-
ing, and resulting in impaired impedance matching. Specifically, in light of the wide service frequency band assigned to
portable radio telephones these days, adapting to wider bandwidth through impedance matching means that creation
of the aforementioned free electrostatic capacitance will make it difficult to adapt to the wider bandwidth. Another prob-
lem associated with creation of free electrostatic capacitance is lowered gain and sensitivity.

[0021] Further, in the event that the radio telephone should be accidentally dropped on the floor in a state with the
rod-shaped antenna retracted within the case 50, a concentrated impact load will be applied to the base of the helical
antenna 80, creating the risk that the helical antenna 80 will break. In the event that such an accident should happen,
it will be necessary to change and replace the antenna portion. In such an event, it will be necessary to remove the
retaining member 91 from the case 50 and replace both the rod-shaped antenna and the helical antenna, so the
expense associated with repair is quite high.

[0022] Accordingly, while various means have been devised for resolving the problems pertaining to Conventional Art
Examples 1-3, these means generally include elements that run counter to a more compact and lightweight radio tele-
phone.

SUMMARY OF THE INVENTION

[0023] The present invention was developed with the foregoing in view, and is intended to provide an antenna for a
radio telephone that, under the limitations imposed by more compact size and lighter weight of a radio telephone, and
particularly the condition that the rod-shaped antenna must be of a length readily accommodated within the case, expe-
riences negligible effect by the human body when the rod-shaped antenna extended to the outside of the case for use,
and that ensures an electrical length sufficient for emission of radio waves at an angle close to the horizontal direction.
[0024] Itis a further object of the present invention to provide an antenna for a radio telephone such that, when used
with the rod-shaped antenna retracted within the case, the rod-shaped antenna does not produce any unwanted radia-
tion.

[0025] Itis a still further object of the present invention to eliminate any metal component from the vicinity of the power
supply portion of the radio telephone, thereby realizing good impedance characteristics such that free electrostatic
capacitance created through the agency of metal components can be ignored in terms of antenna engineering, and this
affords improvement in the reduced gain and sensitivity resulting from free electrostatic capacitance.

[0026] It is yet a further object of the present invention to provide an antenna for a radio telephone adaptable to
greater bandwidth on the part of the service frequency band of a radio telephone.

[0027] It is yet a further object of the present invention to provide an antenna for a radio telephone that, in terms of
mechanical strength, will not in the course of service, be subject to localized concentrated stresses such that breakage
results, and that, in the event that breakage does occur, will entail reduced repair costs.

[0028] A first antenna for a radio telephone which pertains to the present invention comprises a helical antenna having
an electrical length of A/4 (where A is the wavelength of the service frequency) and having the basal end thereof, which
is arranged on the wall of the case of the radio telephone, connected to the power supply component of the radio tele-
phone, and a rod-shaped antenna extendable and retractable with respect to the case of the radio telephone through
the hollow central portion of the helical antenna, with electrical length of about 3A/8 and having inductive reactance,
This antenna is characterized in that when the rod-shaped antenna is extended from the radio telephone case, the
basal end of the rod-shaped antenna and the distal end of the helical antenna are electrically coupled by means of an
electrostatic coupling portion having capacitive reactance that cancels out the inductive reactance.

[0029] Here, "arranged on the wall of the case of the radio telephone" is used to mean arranged on the wall of the
case such that the rod-shaped antenna is extendable and retractable with respect to the case of the radio telephone
through the hollow central portion of the helical antenna. Any location in proximity to the wall is acceptable provided that
it is not in proximity to the center of the case interior of the radio telephone, for example, a projecting portion may be
provided to the case, and [the antenna] installed on this projecting portion.

[0030] In preferred practice, the electrostatic coupling portion of the antenna for the first and second radio telephone
will constitute a mechanical structure. Here, "constitute a mechanical structure" is used to mean that, without using any
electrical component such as a so-called capacitor, electrostatic coupling is effected, for example, by arranging metal
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plates in opposition at close proximity, or otherwise effecting electrostatic coupling through arrangement of the basal
end of the rod-shaped antenna and the distal end of the helical antenna in close proximity to each other.

[0031] In preferred practice, the antenna for a radio telephone which pertains to the present invention will be provided
with an insulating grip for extending and retracting the rod-shaped antenna with respect to the case, and an insulating
connecting member for connecting the grip and the rod-shaped antenna, these being integrally formed through insert
molding at the distal end of the rod-shaped antenna.

[0032] Here, "distal end of the rod-shaped antenna" is used to mean that end of the rod-shaped antenna that projects
to the outside of the case, and does not mean the end located within the case.

[0033] Here, in preferred practice, the length of the connecting member is set to a length such that when the rod-
shaped antenna is retracted within the case, the connecting member passes through the helical antenna over the entire
length thereof, severing electrical coupling between the helical antenna and the rod-shaped antenna.

[0034] In preferred practice, the antenna for the first radio telephone which pertains to the present invention is char-
acterized in that the distance between the power supply portion and the metal retaining member for retaining the rod-
shaped antenna is of such a size that the free electrostatic capacitance created between the two is essentially zero.
[0035] A second radio device antenna according to the present invention is a radio device antenna of a type that is
indifferent to whether or not the rod-shaped antenna freely retracts into or extends from the case of the radio device
through the hollow core of a helical antenna. What is characteristic of this second radio device antenna is that it com-
prises a helical antenna of electrical length A/4, deployed in a wall of the case of the radio device, the basal end whereof
is connected to the power supply of the radio device, and a rod-shaped antenna having an electrical length of 3A/8 and
exhibiting inductive reactance, configured such that, when the rod-shaped antenna is being used, the helical antenna
and the rod-shaped antenna are electrically coupled in an electrostatic coupling having a capacitive reactance with
which the inductive reactance is cancelled out, with a gap between the basal end of the rod-shaped antenna and the
distal end of the helical antenna.

[0036] In this second radio device antenna, it is preferable that the rod-shaped antenna is capable of being freely
raised or lowered, to a deployed position projecting from the radio device case when in use, and to a non-deployed posi-
tion folded along part of the case when not in use.

[0037] By "along part of the case" here is meant "along any one surface of the case of the radio device, external
thereto." When the rod-shaped antenna is in the non-deployed position, it is preferable that power to that rod-shaped
antenna be interrupted. It is not absolutely necessary that the power be cut to this rod-shaped antenna, however, and
the rod-shaped antenna and helical antenna may operate together with the rod-shaped antenna folded over along part
of the case.

[0038] Here, "free electrostatic capacitance of essentially zero" does not mean that the size of the free electrostatic
capacitance is itself essentially zero, but rather that the size of the free electrostatic capacitance is of a size such that it
can be ignored in terms of antenna engineering. The "metal" of the metal retaining member does not signify fabrication
from metal exclusively, but also includes fabrication from mixtures of metal with non-metals.

[0039] In addition, it is preferable that the antenna for the first and second radio telephone which pertains to the
present invention is characterized in that the resonance frequency of the rod-shaped antenna and the resonance fre-
quency of the helical antenna are set so as to provide multiple tuning characteristics.

[0040] Here, "having multiple tuning characteristics" is used to means that the resonance frequency of the rod-shaped
antenna and the resonance frequency of the helical antenna differ slightly from each other within the service frequency
band.

[0041] In preferred practice, the antenna for a radio telephone which pertains to the present invention will be provided
with a projecting portion situated over a portion of the top face of the case of the radio telephone. The top of the pro-
jecting portion will be provided with a retaining portion for retaining the bottom portion of the rod-shaped antenna when
the rod-shaped antenna is extended from the case. The helical antenna will be arranged concentrically with respect to
the rod-shaped antenna in the space within the projecting portion with a gap between it and the basal end of the rod-
shaped antenna.

[0042] According to the antenna for the first radio telephone which pertains to the present invention, a helical antenna
having electrical length of A/4 and a rod-shaped antenna of electrical length of about 3A/8 having inductive reactance
are constituted such that when the rod-shaped antenna is withdrawn through the hollow interior of the helical antenna
and extended from the case of the radio telephone, the basal end of the rod-shaped antenna and the distal end of the
helical antenna are electrically coupled by means of an electrostatic coupling portion having capacitive reactance that
cancels out the inductive reactance of the rod-shaped antenna. Therefore, when the rod-shaped antenna is extended
from the case for use, the rod-shaped antenna of electrical length of about 3A/8 and the helical antenna having electri-
cal length of A/4 co-operate and function integrally as an antenna similar to a grounded type, thereby affording an
antenna resistant to the effects of the human body and having good efficiency such that radio wave emission charac-
teristics face slightly downward from the horizontal direction in the vertical plane.

[0043] The length of the rod-shaped antenna is such that the electrical length is 3A/8, shorter than A/2, and thus com-



10

15

20

25

30

35

40

45

50

55

EP 0977 303 A2

pared to the antenna of Conventional Art Example 2, the antenna can be accommodated within the case leaving a mar-

gin.
[0044] Furthermore, with either the first or the second radio device antenna, since the electrostatic coupling portion
is formed by a mechanical structure that does not rely on electronic components, the antenna can be produced without
the use of electronic components such as capacitors.

[0045] By integrally forming a low-mass grip and a connecting member at the distal end of the rod-shaped antenna
by means of insert molding, breakage and damage due to flexing of the connecting member are avoided.

[0046] By establishing the length of the connecting member connecting the rod-shaped antenna and the helical
antenna such that when the rod-shaped antenna is retracted within the case, it passes through the helical antenna over
the entire length thereof, severing electrical coupling between the helical antenna and the rod-shaped antenna, power
to the rod-shaped antenna can be cut at the instant that the rod-shaped antenna is retracted into the case, thus com-
pletely eliminating any unwanted radiation into the interior of the radio telephone.

[0047] By setting the distance between the power supply portion and the metal retaining member for retaining the rod-
shaped antenna to such a size that the free electrostatic capacitance created between the two is essentially zero, gain
and sensitivity can be improved. The impedance characteristics of the antenna are determined by the helical antenna
connected to the power supply portion, and since the helical antenna is nominally 50 U at electric length of 1/4X, there
is no need to provide a separate matching circuit, etc., for impedance matching, affording an efficient antenna wherein
the antenna itself has matched impedance characteristics.

[0048] Still further, by setting the resonance frequency of the rod-shaped antenna and the resonance frequency of
the helical antenna slightly different so as to produce multiple tuning characteristics, it is possible to produce a multiple
tuning antenna wherein the rod-shaped antenna and the helical antenna resonate simultaneously, as a result affording
an antenna with good efficiency having a wide service frequency band, i.e., wide band characteristics.

[0049] By providing the antenna for a radio telephone which pertains to the present invention with a projecting portion
situated over a portion of the top face of the case of the radio telephone, providing the top of the projecting portion with
a retaining portion for retaining the bottom portion of the rod-shaped antenna when the rod-shaped antenna is extended
from the case, and arranging the helical antenna concentrically with respect to the rod-shaped antenna in the space
within the projecting portion with a gap between it and the basal end of the rod-shaped antenna, there is not a large-
mass helical antenna located at the distal end of the rod-shaped antenna, so breakage and damage due to flexure of
the rod-shaped antenna do not occur. Since this allows a design wherein concentration of impact load at a single point
in the event of being mistakenly dropped onto the floor, etc., with the rod-shaped antenna retracted within the case,
snapping, breaking, etc., do not readily occur, affording an antenna experiencing few difficulties and having good main-
tainability. Even if accidentally dropped, since the helical antenna is situated in the space within the projecting portion,
in virtually all cases only the rod-shaped antenna will break, and since it will be sufficient simply to repair the rod-shaped
antenna, repair costs can be lowered.

[0050] A second radio device antenna according to the present invention is configured such that, when the rod-
shaped antenna is in use, the helical antenna of electrical length A/4 and the rod-shaped antenna having an electrical
length 3A/8 and exhibiting reactance are electrically coupled in an electrostatic coupling having a capacitive reactance
with which the inductive reactance is cancelled out, with a gap between the basal end of the rod-shaped antenna and
the distal end of the helical antenna. Therefore, an efficient antenna can be made with which, as in the first radio device
antenna described earlier, when the rod-shaped antenna is in use, the rod-shaped antenna having an electrical length
of roughly 3\/8 and the helical antenna having an electrical length of A/4 will work cooperatively, functioning integrally
almost as an ungrounded antenna, not greatly susceptible to influence by the human body, with the electromagnetic
radiation characteristics oriented very slightly below the horizontal plane even in the vertical plane.

With this second radio device antenna, moreover, if the rod-shaped antenna is made so that it can be freely raised and
lowered between a deployed position projecting from the radio device case during use and a non-deployed position
folded against a part of the case when not in use, the rod-shaped antenna can be folded over in the non-deployed posi-
tion when the radio device is being carried about, thus eliminating the obtrusiveness of the rod-shaped antenna, when
on the move, and avoiding the danger of the rod-shaped antenna getting bent and thus damaged or destroyed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0051]

Fig. 1 is a sectional view of radio telephone with the rod-shaped antenna according to an aspect of the present
invention extended from the case;

Fig. 2 is a sectional view of radio telephone with the rod-shaped antenna according to an aspect of the present
invention retracted within the case;

Fig. 3 is a VSWR characteristic diagram for a radio device antenna according to the present invention as employed
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in a 1.5 GHz portable radio device, with the rod-shaped antenna extended from the case.

Fig. 4 is a Smith chart for a radio device antenna according to the present invention as employed in a 1.5 GHz port-
able radio device, with the rod-shaped antenna extended from the case.

Fig. 5 is a VSWR characteristic diagram for a radio device antenna according to the present invention as employed
in a W-CDMA type radio device antenna application, with the rod-shaped antenna extended from the case.

Figs. 6 - 8 are antenna directional characteristic diagrams for a radio device antenna according to the present
invention as employed in a W-CDMA type radio device antenna application, with the rod-shaped antenna extended
from the case, with Figs. 6a and 6b showing the front to back pattern in the vertical plane, Figs. 7a and 7b showing
the left to right pattern in the vertical plane, and Figs. 8a and 8b showing the pattern in the horizontal plane, with,
in each figure, the pattern at (a) being for a measured frequency of 1.9 GHz and the pattern at (b) being for a meas-
ured frequency of 2.2 GHz.

Fig. 9 is a diagram of an example application of a radio device antenna according to the present invention in a note-
book computer, showing the rod-shaped antenna in an erect condition relative to the upper edge of the display
panel.

Fig. 10 is a diagram of an example application of a radio device antenna according to the present invention in a
notebook computer, showing the rod-shaped antenna folded down into a concavity.

Figs. 11a and 11b each are a sectional view of a radio telephone equipped with the antenna of Conventional Art
Example 1, (a) being a diagram showing the rod-shaped antenna extended from the case and (b) being a diagram
showing the rod-shaped antenna retracted within the case; and

Figs. 12a and 12b each are a sectional view of a radio telephone equipped with the antenna of Conventional Art
Example 2, (a) being a diagram showing the rod-shaped antenna extended from the case and (b) being a diagram
showing the rod-shaped antenna retracted within the case.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0052] An aspect of the present invention is described below with reference to the drawings. Figs. 1 and 2 are sec-
tional views showing the constitution of a radio telephone for use as a portable telephone (hereinafter simply "radio tel-
ephone") provided with an antenna for a radio telephone according to an aspect of the present invention. Fig. 1 shows
the rod-shaped antenna 10 extended from the case 50, and Fig. 2 shows the rod-shaped antenna 50 retracted within
the case 50.

[0053] This radio telephone comprises a rod-shaped antenna 10 arranged upright extendably and retractably within
the case 50 in the top portion 52 of a projecting portion 51 provided to the top of the case 50, and a helical antenna 20
arranged concentrically with respect to the rod-shaped antenna 10 and within the projecting portion 51 via an electro-
static coupling portion 30. The rod-shaped antenna 10 has electrical length set to about 3A/8 and has inductive reac-
tance. The helical antenna 20 has electrical length set to A/4.

[0054] As shown in Figs. 1 and 2, a projecting portion 51 is provided on the top wall of the case 50 of the radio tele-
phone, and a helical coil 21 constituting the principal element of the helical antenna 20 is arranged in the space within
the projecting portion 51. In preferred practice, the projecting portion 51 is integrally formed with the case 50.

[0055] A guide pipe 60, arranged concentrically with respect to the rod-shaped antenna 10 within the case 50 includ-
ing the projecting portion 51 is provided for preventing contact of the radio telephone interior with other components and
other such unwanted occurrences when the rod-shaped antenna 10 is retracted within the case 50. The helical coil 21
is wound about the exterior of the top end of the guide pipe 60 situated within the projecting portion 51. The basal end
21a thereof is connected to a power supply portion 41 on a circuit board 40 installed within the case 50, and the distal
end 21b thereof constitutes a free end. When the helical coil 21 is wound around the exterior of the top end of the guide
pipe 60, the helical coil may be made to firmly contact the guide pipe 60, as shown in the drawing, or a gap may be left
between the helical coil 21 and the guide pipe 60.

[0056] A metal fastener 16 for retaining the rod-shaped antenna 10 is securely engaged at the basal end of a rod-
shaped conductor 11 covered with an insulating tube 14 that constitutes the principal element of the rod-shaped
antenna 10, in such a way as to give electrical continuity with the conductor 11. A stopper 18 is integrally formed with
the fastener 16 at the end of the fastener 16.

[0057] At the distal end of the conductor 11 there are integrally formed, by means of insert molding, a low-mass insu-
lating grip 13 for retracting and extending the rod-shaped antenna 10 with respect to the case 50 and an insulating con-
necting member 12 for connecting the grip 13 to the conductor 11, the connecting member 12 being formed in such a
way that the bottom portion 12a thereof connects with the conductor 11. The length of the bottom portion 12a of the
connecting member 12 is set to such a length that when the rod-shaped antenna 10 is retracted within the case 50, the
bottom portion 12a of the connecting member 12 passes through the helical coil 12 over the entire length thereof, sev-
ering electrical coupling between the rod-shaped antenna 10 and the helical antenna 20.

[0058] The top portion 52 of the projecting portion 51 is provided with a metal retaining member 15 connected with
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the projecting portion 51 by means of a screw, etc. The metal retaining member 15 can be an all-metallic product fab-
ricated entirely of metal, or one fabricated from a mixture of metal with a non-metal(s). The connecting member 12, the
fastener 16, and the conductor 11 are concentrically formed, with the outside diameters of the top portion 12b of the
connecting member 12 and the fastener 16 having the same diameter. In contrast, the outside diameter of the insulating
tube 14 covering the conductor 11 and the outside diameter of the bottom portion 12a of the connecting member 12 are
narrower. The inside of the metal retaining member 15 is provided with a continuity piece 19 integrally formed with the
retaining member 15 and having elasticity. Thus, the fastener 16 is slidable within the metal retaining member 15, and
the insulating tube 14 and bottom portion 12a of the connecting member 12 are insertable with respect to the metal
retaining member 15.

[0059] Thus, when the rod-shaped antenna 10 is extended from the case 50, the rod-shaped antenna 10 is stopped
by the stopper 18 and a portion of the fastener 16 mates with the metal retaining member 15 so that, with the rod-
shaped antenna 10 in the extended state, the fastener 16 is retained uprightly by the metal retaining member 15. At this
time, the distal end 21b at the helical coil 21 and the fastener 16, i.e., the basal end of the rod-shaped antenna 10, are
electrically coupled via the electrostatic coupling portion 30 having capacitive reactance that cancels out the inductive
reactance of the rod-shaped antenna 10. This electrostatic coupling portion 30 is formed by means of a mechanical
structure so as to be positioned leaving a prescribed gap between the distal end 21b of the helical coil 21 and the basal
end of the rod-shaped antenna 10. Of course, electrical coupling between the rod-shaped antenna 10 and the helical
antenna 20 could be provided using a capacitor, an electrical component, rather than a mechanical structure.

[0060] On the other hand, when the rod-shaped antenna 10 is retracted into the case 50 until the grip 13 abuts the
metal retaining member 15, the bottom portion 12a of the connecting member 12 mates with and is retained by the
metal retaining member 15, whereby the rod-shaped antenna 10 is not readily extended to the outside by vibration, etc.
[0061] The operation of an antenna for a radio telephone in accordance with the present invention is described below.
First, a description of operation with the rod-shaped antenna 10 extended upright from the case 50 will be provided
referring to Fig. 1.

[0062] The conductor 11 of the rod-shaped antenna 10 has inductive reactance with impedance characteristic of
Z1=R1 +jX at electrical length approaching 3A/8, where A is the wavelength of the service frequency. The helical
antenna 20 is an antenna of shorter physical length than the conductor 11, with electrical length of A/4 and impedance
characteristic of Z2=R2 + j0 .

[0063] With the rod-shaped antenna 10 pulled out and extended, electrostatic capacitance is created in the electro-
static coupling portion 30, with the metal retaining member 15 corresponding to the basal end of the rod-shaped
antenna 10 and the distal end of the helical coil 21 as electrodes. Where the capacitive reactance -jX of the electrostatic
coupling portion 30 is set equivalent to the inductive reactance +jX of the rod-shaped antenna 10, the inductive reac-
tance +jX of the rod-shaped antenna 10 will be cancelled out by the capacitive reactance -jX of the electrostatic cou-
pling portion 30 so that the rod-shaped antenna 10 and helical antenna 20 are electrostatically coupled. In this way, the
inductive reactance +jX of the rod-shaped antenna 10 is cancelled out by the capacitive reactance -jX of the electro-
static coupling portion 30, eliminating any irrationality in terms of antenna engineering, in stark contrast to the antenna
of Conventional Art Example 3, which has the problem of being impossible to realize in terms of antenna engineering.
[0064] When power is supplied from the power supply point 41 of the radio telephone to the basal end 21a of the hel-
ical antenna 20, the helical antenna 20 and the rod-shaped antenna 10 are electrostatically coupled by the electrostatic
coupling portion 30 so that both are excited simultaneously. Accordingly, since the helical antenna 20 of electrical length
of A/4 and the rod-shaped antenna 10 of electrical length of 3A/8 resonate and co-operate, the emission plane thereof
is substantially close to the horizontal direction, affording improved horizontal direction gain and thus improved sensi-
tivity in actual use.

[0065] In contrast to the inefficient structure of the antenna of Conventional Art Example 1, in which only the rod-
shaped antenna 70 of electrical length of A/4 operates while the helical antenna 80 does not operate, the proposed
antenna has good efficiency since the rod-shaped antenna 10 and the helical antenna 20 operate integrally. Further,
since the electrical length of the rod-shaped antenna is 3A/8, it is similar to a grounded antenna, reducing the effects of
the human body.

[0066] Further, the impedance characteristic is determined by the helical antenna 20 connected to the power supply
portion 41, and, given that the helical antenna 20 has electrical length of A/4, is nominally 50€2, so the antenna itself has
suitable impedance characteristics, obviating the need to provide separate means for impedance matching.

[0067] Further, the helical coil 21 is arranged within a projecting portion 51 provided on the top portion of the case 50,
the basal end 21a thereof being connected a short distance from the power supply portion 41 of the circuit board 40
provided within the case 50, and the distal end 21b constituting a free end electrically coupled with the basal end of the
rod-shaped antenna 10 via the electrostatic coupling portion 30, thus making possible a structure wherein the distance
between the power supply portion 41 and the metal retaining member 15 for retaining the basal end of the rod-shaped
antenna provided on the top portion of the projecting portion 51 is greater than in the antennas of Conventional Art
Examples 1 and 2, so that the free electrostatic capacitance created between the two is of a size that can be ignored in
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terms of antenna engineering. Thus, gain and sensitivity can be improved without hindering impedance matching.

[0068] In the antenna for a radio telephone according to the present invention, the resonance frequency of the rod-
shaped antenna 10, determined by the inductive reactance +jX of the rod-shaped antenna 10 and the capacitive reac-
tance -jX of the electrostatic coupling portion 30, and the resonance frequency of the helical antenna 20 can be made
slightly different from each other within the service frequency band to produce a multiple tuning antenna. Since the res-
onance frequency of the rod-shaped antenna 10 is dependent upon the capacitive reactance -jX of the electrostatic
coupling portion 30, the two resonance frequencies can readily be made to differ slightly by adjusting the gap distance
of the electrostatic coupling portion 30 in order to change the size of the capacitive reactance -jX. Accordingly, a multi-
ple tuning antenna can be produced easily, and an efficient antenna that is nevertheless compact and has wide band-
width characteristics can be obtained.

[0069] Figs. 3 and 4 diagram results confirming the functioning of a radio device antenna according to the present
invention in an application in a 1.5 GHz portable radio device. Fig. 3 is a VSWR characteristics chart of a state wherein
the rod-shaped antenna 10 is extended from the case 50 and the rod-shaped antenna 10 and helical antenna 20 are
operated integrally. Fig. 4 is a Smith chart of the same state. As will be apparent from Figs. 3 and 4, in a state wherein
the rod-shaped antenna 10 is extended from the case 50, transmission and reception characteristics marked by good
sensitivity over a wide band are achieved.

[0070] Further, in contrast to the antennas of Conventional Art Examples 1 and 2, wherein a large-mass helical
antenna 20 is provided at the distal end of a rod-shaped antenna 10, in the antenna according to the present invention,
the helical coil 21 constituting the principal element of the helical antenna 20 is situated within the projecting portion 51
provided on the top portion of the case 50, providing only a small-mass grip 13 to the distal end of the rod-shaped
antenna 10. Thus, there is negligible characteristic vibration with respect to external pressure, and the amplitude
thereof is small and rapidly attenuated, thus affording a good antenna that does not experience mechanical or electrical
noise and eliminating the risk that the retaining power of the retaining member 15 will deteriorate. While the connecting
member 72 provided to the top portion of the rod-shaped antenna 70 in Conventional Art Example 1 has problems in
terms of flexural strength, in the antenna according to the present invention, a small-mass grip 13 and a connecting
member 12 are integrally formed at the distal end of the rod-shaped antenna by means of insert molding, and thus
breakage and damage due to flexing of the connecting member 12 are avoided.

[0071] Operation in a state wherein the rod-shaped antenna 10 is retracted within the case 50 will now be described
referring to Fig. 2.

[0072] In a state wherein the rod-shaped antenna 10 is retracted within the case 50, the connecting member 12 pro-
vided on the distal end of the rod-shaped antenna 10 passes through the interior of the helical coil 21, with the distal
end of the bottom portion 12a thereof reaching the bottom portion of the helical antenna 20. The length of the bottom
portion 12a of the connecting member 12 is set to such a length that it passes through the helical coil 21 over the entire
length thereof, severing electrical coupling between the rod-shaped antenna 10 and the helical antenna 20, whereby
the rod-shaped antenna 10 becomes isolated without electrical coupling with the helical antenna 20. Accordingly, in the
retracted state, unwanted radio waves are not emitted by the rod-shaped antenna 10 retracted within the case 50, and
only the helical antenna 20 arranged within the projecting portion 51 operates, affording a standby condition free of dif-
ficulties within the radio telephone.

[0073] While not shown in the VSWR characteristics diagram and Smith chart for the state wherein the rod-shaped
antenna 10 is retracted within the case 50 and only the helical antenna 20 is operated, the electrical length of the helical
antenna 20 is A/4, and even in the state wherein the rod-shaped antenna 10 is retracted within the case 50, the sensi-
tivity required for receiving calls or, depending on electric field strength, both making and receiving calls, is of course
achieved.

[0074] Further, while the electrical length of the antenna of Conventional Art Example 2 is A/2, the electrical length of
the rod-shaped antenna 10 is shorter (3A/8), allowing it to be retracted leaving a margin within the case 50.

[0075] That is, according to the antenna for a radio telephone which pertains to the present invention, there is pro-
vided a good antenna that does not create difficulties within the radio telephone, while also being retractable leaving a
margin.

[0076] Further, by providing the projecting portion 51 integrally on the top face of the case 50, even in the event of the
radio telephone being accidentally dropped, the impact load will be dispersed by the basal end 53 of the projecting por-
tion 51, affording an antenna having improved strength in terms of accidental bending, snapping, etc.

[0077] Further, in the event that it becomes necessary to change and replace [elements] due to accidental droppage,
since the helical antenna 20 is situated within the projecting portion 51, it will not break, and thus in virtually all cases
only the rod-shaped antenna 10 will break. In such an event, it is sufficient simply to remove the metal retaining member
15 from the case 50 and to replace only the rod-shaped antenna 10, so the cost for repair is lower than with the anten-
nas of Conventional Art Examples 1 and 2. The antenna is also superior to the Conventional Art Examples in terms of
maintenance.

[0078] According to the antenna for a radio telephone pertaining to the present invention described herein, the draw-



10

15

20

25

30

35

40

45

50

55

EP 0977 303 A2

backs of the antennas of Conventional Art Examples in terms of use as antennas in the increasingly more compact and
lightweight portable radio telephones seen recently may be overcome, and a more compact size and lighter weight may
be realized. For example, while total length thereof would be 91-95 mm according to Conventional Art Example 1 and
125-130 mm according to Conventional Art Example 2, it would be 105-110 mm with the antenna of the present inven-
tion, and the weight would be equal to or lighter than Conventional Art Example 1 and lighter than Conventional Art
Example 2.

[0079] Thus, according to the antenna pertaining to the present invention, there are afforded numerous advantages
not seen in the antennas of Conventional Art Examples, such as improved gain and sensitivity when extended, despite
smaller size and lighter weight, wide band characteristics having frequency bandwidth about 1.4 times that in the Con-
ventional Art Examples, superiority close to grounded antennas that are not susceptible to effects of the human body,
structural strength sufficient to withstand external vibration, etc., no emission of unwanted radio waves within the radio
telephone when retracted therein, and reduced maintenance costs associated with misuse.

[0080] Next, for an embodiment wherein a radio device antenna according to the present invention is employed in a
W-CDMA (wide-code division multiple access) radio device antenna operating in frequency bands of 1.9 to 2.2 GHz,
the VSWR characteristics with the rod-shaped antenna extended from the case are shown in diagramatic form in Fig.
5, and the antenna directionality characteristics are shown in diagramatic form in Figs. 6 - 8 with the antenna in the
same condition. Here, Fig. 6 represents the front to back pattern in the vertical plane (Z-X PLANE), Fig. 7 the left to right
pattern in the vertical plane (Y-Z PLANE), and Fig. 8 the pattern in the horizontal plane (X-Y PLANE), with "a" in each
figure representing the pattern at a measured frequency of 1.9 GHz and "b" in each figure the pattern at a measured
frequency of 2.2 GHz. The basic characteristics shown in Fig. 6 - 8 are summarized in Table 1.

[Table 1]
W-CDMA Supported
Frequencies used | 1.9 GHz to 2.2 GHz

Center frequency | 2.05 GHz

VSWR Extended: <1.5

(Bandwidth > 550 MHz when VSWR < 2.0)
Retracted: < 3.5

Gain Extended:

In horizontal plane:

Max -1.5 dBd or better

Average -2.5 dBd or better

Left to right in vertical plane:

Max +1.0 dBd or better

Front to back in vertical plane:

Max 0.0 dBd or better

Antenna type Extended:

M4 helical + 3/8\ whip electrostatically coupled
Retracted: A/4 helical

[0081] As can be seen from Figs. 5 - 8 and Table 1, with the rod-shaped antenna extended from the case, the VSWR
is 1.5 or lower throughout the band spectrum used, the gain reaches a maximum value of -1.5 dBd or greater in the
horizontal plane, a maximum value of +1.0 dBd or greater left to right in the vertical plane, and a maximum value front
to back in the vertical plane of 0.0 dBd or greater, throughout the entire band spectrum used, with the direction of max-
imum radiation being oriented nearly horizontally in all directions. Thus, by applying the present invention to W-CDMA
radio device antennas, extremely efficient antennas can be configured which exhibit high gain and wide frequency char-
acteristics.

[0082] The aspect of the embodiment described in the foregoing is one example of a radio device antenna based on
the present invention, and can be configured in modified forms within such range that the essential concepts inherent
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therein are not lost.

[0083] For example, the foregoing descriptions pertain to the application of the present invention in radio devices used
in portable telephone instruments, but the present invention is not limited to these applications, and antennas can be
configured for radio devices capable of being accommodated inside notebook computers, for example.

[0084] In the foregoing descriptions, moreover, the rod-shaped antenna is described as a type of antenna that can be
accommodated inside a case, but, in terms of the performance of the rod-shaped antenna when in use, the rod-shaped
antenna does not necessarily need to be limited to a type capable of accommodation inside a case.

[0085] As shown in Figs. 9 and 10, for example, a concavity 102 is provided along the upper edge of the case of the
display panel 101 for a notebook computer 100, a metal guide 111 is installed as a metal holding member for holding
the rod-shaped antenna 110, and a hinge 112 provided in this guide 111 and the basal end 113 of the rod-shaped
antenna 110 are pivotally supported so that they can turn freely, so that the rod-shaped antenna can be raised and low-
ered in the X-direction indicated in the drawing, supported at the hinge 112. Thus, when the rod-shaped antenna is
being used, the rod-shaped antenna 110 can stand erect, relative to the upper edge of the display panel 101, as dia-
grammed in Fig. 9, whereas when not being used, the rod-shaped antenna 110 can be folded down flat, relative to the
upper edge of the display panel 101, and housed, as shown in Fig. 10. In other words, the rod-shaped antenna 110 is
in the non-deployed position when it is laid down in the concavity 102, when not in use, and is in the deployed position
when raised out of the concavity 102 and stood up more or less vertically at the upper edge of the case of the display
panel 101 when in use.

[0086] Also, a helical coil 121 constituting the main body of a helical antenna 120 is deployed inside the display panel
101 opposite the lower edge 111a of the guide 111, so that when the rod-shaped antenna 110 is made to stand up, that
helical coil 121 becomes concentric with the rod-shaped antenna 110.

[0087] The rod-shaped antenna 110 is established with an electrical length of roughly 3A/8, and exhibits inductive
reactance. The helical antenna 120, on the other hand, is established with an electrical length of A/4. By deploying the
basal end 113 of the rod-shaped antenna 110 and the distal end 121a of the helical antenna 121 (which is to say the
distal end of the helical coil 120) so that there is a gap therebetween, an electrical coupling is formed with the electro-
static coupling 130. Also, by making the capacitive reactance -jX of this electrostatic coupling 130 so that it matches the
inductive reactance +jX of the rod-shaped antenna 110, the rod-shaped antenna 110, when it is used in the erect posi-
tion, will function in the same way as the rod-shaped antenna 10 described earlier when it is extended from the case 50
and made to stand up. More specifically, when the rod-shaped antenna 110 is used in the erect position, the rod-shaped
antenna 110 having an electrical length of roughly 3A/8 and the helical antenna 120 having an electrical length of A/4
will work cooperatively, functioning integrally almost as an ungrounded antenna, and operating as an efficient antenna
with the electromagnetic radiation characteristics oriented very slightly below the horizontal plane even in the vertical
plane.

[0088] Also, by folding the rod-shaped antenna 110 over into the concavity 102 (non-deployed position) when the
notebook computer 100 is being carried about, the rod-shaped antenna will not get in the way, and there will be no dan-
ger of it getting bent and thus damaged or destroyed.

[0089] The foregoing aspect is one example of an antenna for a radio telephone according to the present invention,
modifications thereof being possible without departing from the spirit thereof.

Claims
1. An antenna for a radio communication device, comprising:

a helical antenna (20, 21; 120, 121) having an electrical length of A/4 (where A is the wavelength of a service
frequency) and connected to a power supply component (41) of the radio communication device; and

a rod-shaped antenna (10, 11; 110) associated to the case of the radio communication device, with an electri-
cal length of about 3A/8 and having inductive reactance, said rod-shaped antenna (10, 11; 110) being displace-
able between a use position and a non-use position;

characterized in that when the rod-shaped antenna (10, 11; 110) is in the use position, a basal end of the rod-
shaped antenna (10, 11; 110) and a distal end (21b; 121a) of the helical antenna (20, 21; 120, 121) are elec-
trically coupled by means of an electrostatic coupling portion (30; 130) having capacitive reactance that can-
cels out the inductive reactance.

2. The antenna of claim 1, for a radio telephone, characterized in that the helical antenna (20, 21) has a basal end
(21a) thereof, which is arranged on a wall of a case (50) of the radio telephone, connected to the power supply com-

ponent (41) of the radio telephone; and

the rod-shaped antenna (10, 11) is extendable and retractable with respect to the case (50) of the radio tele-
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phone through a hollow central portion of the helical antenna (20, 21), and

when the rod-shaped antenna (10, 11) is extended from the radio telephone case (50), the basal end of the
rod-shaped antenna (10, 11) and the distal end (21b) of the helical antenna (20, 21) are electrically coupled by
means of the electrostatic coupling portion (30) having capacitive reactance that cancels out the inductive
reactance.

The antenna of claims 2, characterized in that an insulating grip (13) for extending and retracting the rod-shaped
antenna with respect to the case (50), and an insulating connecting member (12) for connecting the grip (13) and
the rod-shaped antenna (10, 11) are integrally formed through insert molding at a distal end of the rod-shaped
antenna (10, 11).

The antenna of claim 3, characterized in that the length of the connecting member (12) is set to a length such that
when the rod-shaped antenna (10, 11) is retracted within the case (50), the connecting member (12) passes
through the helical antenna (20, 21) over the entire length thereof, severing electrical coupling between the helical
antenna (20, 21) and the rod-shaped antenna (10, 11).

The antenna of any of claims 2 to 4, characterized by being provided with a projecting portion (51) situated over a
portion of the top face of the case (50) of the radio telephone; the top (52) of the projecting portion (51) being pro-
vided with a retaining portion (15) for retaining the bottom portion of the rod-shaped antenna (10, 11) when the rod-
shaped antenna (10, 11) is extended from the case (50); and the helical antenna (20, 21) being arranged concen-
trically with respect to the rod-shaped antenna (10, 11) in the space within the projecting portion (51) with a gap
between the helical antenna (20, 21) and the basal end of the rod-shaped antenna (10. 11).

The antenna of claim 1, for a radio device, characterized in that the helical antenna (120, 121) is deployed on a wall
of a case (101) of a radio device (100), basal end(s) thereof being connected to the power supply of the radio
device (100); and

when said rod-shaped antenna (110) is being used, said helical antenna (120, 121) and said rod-shaped
antenna (110) are electrically coupled by the electrostatic coupling portion (130) having a capacitive reactance
that cancels out said inductive reactance, with a gap between a basal end of said ro-shaped antenna (110) and
a distal end (121a) of said helical antenna (120, 121).

The antenna of claim 6, characterized in that said rod-shaped antenna (110) can be freely raised and lowered
between a deployed position projecting from said radio device case (101) when in use, and a non-deployed position
folded along part of said case (101) when not in use.

The antenna of any of claims 1 to 7, characterized in that the electrostatic coupling portion (30; 130) constitutes a
mechanical structure.

The antenna of any of claims 1 to 8, characterized in that the distance between the power supply portion (41) and
the metal retaining member (15) for retaining the rod-shaped antenna (10, 11; 110) is of such a size that the free

electrostatic capacitance created between the two is essentially zero.

The antenna of any of claims 1 to 9, characterized in that the resonance frequency of the rod-shaped antenna (10,
11; 110) and the resonance frequency of the helical antenna are set so as to provide multiple tuning characteristics.

12



EP 0977 303 A2

13

©
-
Q 0|2 Q O w
owlg M ©
o / o0 Pl AN ey
S8 ¢ - PRLLRL UL Y AL LRSS SRR ///JJ
- - -— pogt
}\IMJ N ) \ ’\12 A )
1 ,nmﬂr.n.ﬁmmhhnnu\m\um HREREY
t ©
o 2\”\_ _ 3\, ﬂ/)m
Do 1w i3 ~0
8 <
w N e mTE T e
o = ‘
¥} N\ g
ﬁ//%//‘/////////ﬂﬁ///f//ﬂﬂ// NN N N S NSNS




Q
el
N\

EP 0977 303 A2

FI1G.2

SAN SN SN ASAISSASS SN NN NN ANNTUIN U NSNS SSS. VAVJ
& |
= i} w— S \
Sisssse=————=Teom=—oo. oo . m
N\ f (@
= ®
< © @ 0
N a [L\./
-— e b (@]
o e e <
}
A R e e e T e e e T e

14



EP 0977 303 A2

FI1 G.3

CH1 S11 SWR MKR 4. 1.3789U
REF 1.000U 1.000U /7 1.502.000.000 Hz

Lo T T
|
|
{
j
!
T

f
|
i
i
]

r
!
i
|

Cor

I | ] H :
CH1 CENTER 1.460.000.000Hz SPAN 400.000000Hz

15



FI1G.4




EP 0977 303 A2

FI1G.5

4:1.5001
CHi RFL SWR 1 / REF 1 2200.000.000 MHz
Rl
[
2 4 l/
\\&—A"z\~

CENTER 2.050.000.000 MHz

MARKER 1:

1.1841
1.9 GHz
1.4211
2 GHz
1.2246
2.1 GHz

2.2 GHz

17

SPAN 1.000.000.000 MHz




EP 0977 303 A2

FRONT TO BACK PATTERN [N

VERTICAL PLANE
MEASURED FREQUENCY 1900 MHz 90 (Z-X PLANE)
STANDARD ANTENNA LEVEL -57.3 dBm
ANTENNA GAIN -0.1 dBd

PN

F1G.6a ‘\V)‘ O

180

FRONT TO BACK PATTERN IN

MEASURED FREQUENCY 2200 MHz VERTICAL PLANE
STANDARD ANTENNA LEVEL -57.8 cBm 0 (Z-X PLANE)
ANTENNA GAIN 1.3 d8d
AVERAGE GAIN 4.4 d8

e AN

> </

N “ | \\
RSO

18



EP 0977 303 A2

LEFT TO RIGHT PATTERN IN

VERTICAL PLANE
MEASURED FREQUENCY 1900 MHz " (Y2 )
STANDARD ANTENNA LEVEL -57.3 dBm PLANE
ANTENNA GAIN 0.9 d&d

AVERAGE GAIN -3.6 dB

e\ \'
(AN

LEFT TO RIGHT PATTERN IN

MEASURED FREQUENCY 2200 MHz VERTICAL PLANE.
STANDARD ANTENNA LEVEL -57.8 dfm 30 (Y-Z PLANE)
ANTENNA GAIN 1.5 dBd

AVERAGE GAIN 4.5 d8

FI1G.7b

19



EP 0977 303 A2

PATTERN IN HOR!ZONTAL
PLANE

90 (X-Y PLANE)

MEASURED FREQUENCY 1900 MHz
STANDARD ANTENNA LEVEL —57.3 dBm
ANTENNA GAIN 0.0 dBd
AVERAGE GAIN -2.5 d8
FI1G.8a
180
o 10 -20 -

180 0 \‘
\\,,
MEASURED FREQUENCY 2200 MHz
STANDARD ANTENNA- LEVEL -57.8 dBm
ANTENNA GAIN -1.2 did
AVERAGE GAIN -2.0 dB

X>
J

PATTERN IN HORIZONTAL
PLANE

S0 (X-Y PLANE)

90

180

20




F I G.9







EP 0977 303 A2

FI1G.11a (Z| .
2l

»n F1G.11b

,80

81
91
154

71

~ 92

23



EP 0977 303 A2

lesz

FI1G.12b

MW ——

F Il G.12a

24



	bibliography
	description
	claims
	drawings

