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(57) Petite  antenne he¢licoidale avec motif  de
rayonnement en forme de large ¢ventail, pour faciliter
son adaptation d'impedance et lur donner une grande
efficacit¢ de rayonnement. L'antenne est constituée d'un
cylindre di€lectrique, d'une serie de conducteurs de
rayonnement disposes sur la surface extericure du
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(57) A small helical antenna with broad fan radiation
pattern provides easy impedance matching and high
radiation efficiency. It 1s composed of a dielectric
cylinder, a plurality of radiation conductors arranged on
the outer surface of the dielectric cylinder, a matching
conductor arranged on the upper mner surface of the
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cylindre, un conducteur d'adaptation ¢tant place sur la
surface mnterne superieure du cylindre pour annuler la
reactance 1nductive, tandis quun certain nombre de
conducteurs d'alimentation, disposeés sur la surface
interne 1nférieure du cylindre di¢lectrique, pres des
conducteurs de rayonnement, servent a abaisser
I''mpedance de 1'antenne helicoidale.
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dielectric cylinder that cancels inductive reactance, and a
plurality of feeder conductors arranged near the radiation
conductors on the lower mner surface of the dielectric
cylinder and lowering the impedance of the helical
antenna.
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ABSTRACT OF THE DISCLOSURE

A small helical antenna with broad fan radiation pattern
provides easy impedance matching and high radiation
efficiency. It 1s composed of a dielectric cylinder, a
plurality of radiation conductors arranged on the outer
surface of the dielectric cylinder, a matching conductor
arranged on the upper inner surface of the dielectric
cylinder that cancels inductive reactance, and a plurality of
feeder conductors arranged near the radiation conductors on
the lower inner surface of the dielectric cylinder and

lowering the impedance of the helical antenna.
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60739697
A SMALL HELICAL ANTENNA

WITH NON-DIRECTIONAL RADIATION PATTERN

DESCRIPTION

Background of the Invention

1. Fireld of the invention

The present invention relates to a helical antenna for

wireless communication, and more particularly relates to a

small helical antenna with a broad fan radiation pattern for

a4 mobile terminal in mobile satellite communication or ground

mobile communication and the like.
¢. Description of the Related Art

A conventional helical antenna is disclosed in Japanese

Publigshed Unexamined Patent Application No.
(78925/199¢6) .

B-78945

Figure 7 8ghows a perspective view of this

helical antenna at 100.

cylinder 104, and is equipped with two helical balanced

conductors 101 and 101’ .

Al unbalanced RF signal (Radio Frequency signal) in a

coaxial cable 105 is converted to a balanced RF signal by a

balun 108,

After that, the balanced RF signal is fed to each of the
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two helical balanced conductors 101 and 101’.

Figure 8 shows an assembly procedure of the helical
antenna 100 shown in Figure 7. As shown in Figure 8, the two
balanced helical conductors 101 and 101’ are adhered to the
flexible printed wiring sheet 107 by a pressure sensitive
adhesive double coated tape 103.

Figure 9 illustrates a perspective view of a metal
conductor 106 of the helical antenna 100 shown in Figure 7.
The end portions of the helical conductors 101 and 101’ are
short-circuited by a straight metal conductor 106. The metal
conductor 106 secures the helical conductors 101 and 101’ to
enhance their mechanical strength and achieves an impedance
matching of the helical antenna 100.

Fligure 10 illustrates a perspective view of the metal
conductor 106 of another shape. That is, the shape of the
metal conductor 106 shown in Figure 10 is bent and suitable
for achieving the impedance matching. In this case, the
impedance matching of metal conductor 106 can be done
comparatively easily by changing or adjusting the shape of
lts bent part.

In the above description, the two types of the metal
conductor 106 shown in Figure 9 and 10 are preferred mainly
for easy impedance matching and strong mechanical strength.

However, the helical antenna 100 of the prior art is not

necessarily able to provide feeder impedance matching for all
the helical conductors.

That 1s, the helical antenna 100 of the prior art is
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very effective for a helical antenna having a comparatively
long helical conductor with two or more turns. However, in

the case of a helical antenna having a broad fan radiation

pattern for the mobile terminal etc., usually, the helical
conductors 101 and 101’ each have a length of only 1.5)A () is
a wavelength of an operating frequency) and their number of
turns is two or lessg. In this case, the feeder impedance

frequency bands of the helical conductors 101 and 101’ which

are capable of adjusting the impedance matching by the metal
conductor are very narrow. As a result, it is impossible to
achieve the feeder impedance matching of the helical antenna

100 in a wide frequency band.
SUMMARY OF THE INVENTION

Therefore, it is an object of the present invention to
attailn easy electrical impedance matching, to improve a
voltage standing wave ratio (VSWR) and to lncrease a
radiation efficiency and an antenna gain of a helical antenna

having short helical conductors and a relatively low number

of turns.

The helical antenna of the present invention comprises
a plurality of radiation conductors arranged on the outer
wall of a dielectric cylinder, a plurality of feeder
conductors supplying a high frequency signal through an
electrostatic coupling.to a respective first end of each of

the plurality of radiation conductors in different phases on
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the inner wall of the dielectric cylinder, and a watching
conductor electrostatically coupled with their oppogite

second ends.

In an alternative embodiment, the matching conductor may
be omitted.
n a further embodiment, the helical antenna of the

present invention comprises a plurality of radiation

conductors arranged on the outer wall of the dielectric
cylinder, feeder means supplying the high frequency signal
directly to each of a plurality of radiation conductors in
different phases on the inner wall of sgaid dielectric

cylinder, and a matching conductor electrostatically coupled
with their opposite ends.

As described above, the present invention attains an
electrical impedance matching by one or both of the following
techniques:

(1) A matching conductor is mounted on the inner wall of

the cylindrical conductor forming the helical antenna

equipped with a plurality of the radiation conductors on the

surface thereof.

(2) Feeder conductors in the same number as that of a

25

plurality of the radiation conductors are arranged closgely
with each other for feeding the high frequency signal to the
helical antenna on the inner wall of the cylindrical
conductor forming the helical antenna equipped with a

plurality of radiation conductors on the surface thereof.
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In accordance with the present invention, there is
provided a helical antenna having a broad and fan radiation
pattern, comprising: a plurality of feeder conductors for
feeding a plurality of balanced high frequency signals to a

5 plurality of radiation conductors in different phases
respectively based on a first electrostatic coupling; said
plurality of radiation conductors radiating said balanced high
frequency signals 1n different phases respectively; a
dielectric cylinder having sailid plurality of radiation

10 conductors arranged on 1its outer wall and said plurality of
feeder conductors arranged on 1ts inner wall; and said
plurality of feeder conductors comprising means for coupling
electrostatically with said plurality of radiation conductors
based on an electrostatic capacitance between said plurality of

15 feeder conductors and said plurality of radiation conductors.

In accordance with the present invention, there 1is
further provided a helical antenna having a broad fan radiation
pattern, comprising: feeder means for feeding a plurality of
balanced high frequency signals directly to a plurality of

20 radiation conductors in respectively offset phases; said

plurality of radiation conductors radiating said balanced high
frequency signals 1n different phases; a dielectric cylinder
having said plurality of radiation conductors arranged on its
outer wall; and said plurality of feeder conductors comprising
25 means for coupling electostatically with said plurality of
radiation conductors based on an electrostatic capacity between

sald plurality of feeder conductors and said plurality of

radiation conductors.

In accordance with the present invention, there is
30 provided a helical antenna having a non-directional radiation
pattern, comprising: N feeder conductors (wherein N is
positive 1integer) for feeding a plurality of balanced high

frequency signals to a plurality of radiation conductors in
4a
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phases offset by 2n/N [rad] respectively based on a first
electrostatic coupling; said plurality of radiation conductors
for radiating said balanced high frequency signal in said
phases respectively; a dielectric cylinder having said

5 plurality of radiation conductors arranged on its outer wall
and sald N feeder conductors arranged on its inner wall; said
plurality of feeder conductors comprising means for coupling
electrostatically with said plurality of radiation conductors
based on an electrostatic capacitance between said plurality of

10 feeder conductors and said plurality of radiation conductors.

4
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described in further
detail with reference to the accompanying drawings, in which:

Figure 1 is a perspective view of a helical antenna 10
of a first embodiment according to the present invention;

Figure 2A is a perspective view of the upper part of a
dielectric cylinder 1 of the helical antenna 10 according to
the present invention, showing the cylindrical surface in one
plane;

Figure 2B is a view similar to Fig. 2A or another
embodiment of the upper part of the dielectric cylinder 1 of
the nelical antenna 10 according to the present invention;

Figure 3 is a view similar to Fig. 2A of the lower part
of the dielectric cylinder 1 of a helical antenna 10
according to the present invention;

Figure 4A is a view of a first shape of a feeder
conductor ¢ of the helical antenna 10 according to the
present invention;

Figure 4B is a view of a second shape of the feeder
conductor 4 of the helical antenna 10 according to the
present invention;

Figure 4C is a view of a third shape of the feeder
conductor 4 of the helical antenna 10 according to the
present invention;

Figure 4D is a view of a fourth shape of the feeder

conductor 4 of the helical antenna 10 according to the
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present invention;

Figure 5 is a perspective view of a helical antenna 20
of a second embodiment according to the present invention;

Figure 6 is a perspective view of a helical antenns 30
of a third embodiment according to the present invention;

Figure 7 is a perspective view of a helical antenna 100
according to prior art;

Flgure 8 1s a perspective view of an assembly procedure
of a helical antenna 100 according to prior art;

Figure 9 1s a perspective view of a metal conductor 106
of a helical antenna 100 according to priocr art; and

Figure 10 is a side view of another metal conductor 106

©of a helical antenna 100 according to prior art.

DETAILED DESCRIPTION OF PREFERRED

EMBODIMENTS OF THE INVENTION

Several embodiments of the present invention will be
described with reference to the accompanying drawings.

Referring to Figure 1, a preferred embodiment of the
present invention is composed of a dielectric cylinder 1;
four radiation conductors z2a, 2b, 2c, 24 arranged on the
ocuter surrace of the dielectric cylinder 1; a matching
conductor 3 arranged on the upper inner surface of the
dielectric cylinder 1; four feeder conductors 4a, 4b, 4c, 4d

arranged facing the radiation conductors 2a-2d; and a feeder

circuit 5 for feeding four high frequency gignals to the
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feeder conductors 4a, 4b, 4c, 4d with 90 degrees phase

difference from each other.

hum—

The operation of an antenna element according to the
present invention will be described below with reference to
the drawings.

In Figure 1, there 1is an electrostatic capacitance
across the thickness of the dielectric cylinder 1 between the
matching conductor 3 and the radiation conductors 2a-2d.
Therefore, both the matching conductor 3 and the radiation
conductors 2a-2d are coupled with each other over a high
frequency range. That 1Is, the radiation conductor 2a is
effectively coupled not only with the matching conductor 3
but also with the radidgtion conductors 2b-2d in a high
frequency range. Therefore, even though the feeder impedance
of the radiation conductor 2a alone is high, such high feeder
impedance of the radiation conductor 2a can be decreased by
adjusting the width and the position of the matching
conductor 3 and by adjusting the high frequency coupling
degree between them. As a result, an adeguate electrical
impedance matching can be achieved.

The feeder conductors 4a-4d and the radiation conductors
2a-2d are closely arraﬁged on opposite sides of the
dielectric cylinder 1, so the feeder conductors 4a-4d and the
radlation conductors 2a-2d are coupled to each other by the
electrostatic capacitance therebetween in a high frequency

range, In the c:onventidnal helical antenna 100 shown in

Figure 7, the signal applied to the cocaxial cable is directly
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connected and directly fed to the helical c¢onductors.
However, the helical antenna 10 according to the present
invention 18 coupled through high frequency, soc it 1is
possible to adjust the matching conditions with respect to
the radiation conductors 2a-2d by modifying the shape of the
feeder conductors 4a-44d.

Especilally, 1f the radiation conductors 2a-2d have
inductive impedance, it is possible to attain the impedance
matching effectively by cancelling the feeder 1mpedance,

The operation of the feeder circuit 5 ghown in Figure 1
18 expla%ned below.

A high frequency (normally microwave or quasi-microwave
frequenéy band) signal applied to a terminal 8 of feeder
circuit 5 is divided into four signals S1-S4 which have
phases- offset from each other by 950 degrees and the same
amplitude by dividers €, 7 and 9. The divided high frequency
signals S1-S4 are fed to the feeder conductors 4a-4d
respectively. Such high frequency signals are fed to the
radiation conductors 2a-2d through the electrostatic coupling
between the feeder conductors 4a-4d and the radiation

conductors 2a-2d. The high frequency signals 81-S4 fed to

the radiation conductors 2a-2d radiate from the radiation
conductors 2a-2d.

Detailes of the helical antenna 10 according to the

present invention will be described below with reference to

Figure 1 through Figure 4.

In Figure 1, the dielectric cylinder 1 may be made of
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plastic such as polycarbonate resin ¢or acrylic resin, as are

conventionally used.
The dielectric cylinder 1 may have an outer diameter

which i1is usually about 0.1Xx (A 18 a wavelength of an
operating frequency). It is desirable that the thickness of
the dielectric cylinder 1 18 about 0.01A or less. In
addition, the length of the dielectric cylinder 1 is 80O
selected that 1t 1s shorter than about 1.5A, because such

length 1s effective to matching of a helical antenna having

a numper of turns less than 2.
The radiation conductors 2 are arranged on the outer

surface of the dielectric cylinder 1 and are adhered to the
dilelectric cylinder 1 by using a pressure sensitive adhesive
double c¢oated tape. Desirable length of the radiation

conductorg are about 2\ or less. If the length of the

radiation conductors 2 are the same as A or shorter, instead

of a helical-shaped conductor, a straight rod-shaped

conductor or a rod-shaped conductor which is straight but
folded at several points may be used.

The wmatching conductor 3 1is arranged on the inner
surface of the dielectric cylinder 1.

Figure 2 shows a locational relation of the radiation
conductors 2, the dielectric cylinder 1 and the matching
conductor 3.

As shown 1n Figure 24, an impedance matching of the
helical antenna 10 1s attalned by adjusting a width W of the

matching conductor 3. Generally speaking, W 18 about
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0.01A-0.1A. As shown in Figure 2B, the matching conductor 3
may be arranged offset from the end of the dielectric
cylinder 1 by a distance Ll if desired. A plurality of
matching conductors may also be arranged. L1 and L2 are
usually 0.2\ or shorter.

The feeder conductors 4 are arranged near the radiation
conductors 2 on the lower inner surface of the dielectric
cylinder 1.

Figure 3 shows a locational relation of the radiation
conductors 2, the dielectric cylinder 1 and the feeder
conductors 4. Similarly to the matching conductor 3, the
feeder conductors 4 and the radiation conductors 2 are
arranged with the dielectric cylinder 1 having thickness of
about 0.01A.

The feeder conductors 4 may take various shapes
according to the shape of the radiation conductors as shown
in Figures 4A-4D. That i\s, as shown in Figure 4A, the feeder
conductors 4 may take a rectangular shape. The feeder
conductors ¢ may be arranged obliquely face to face with
respect to the radiation conductors 2. They may be arranged
in parallel with the radiation conductors 2, as shown in
Figure 4B. They may be bent at a right angle, as shown in
Figure 4C. They may take a slender rectangular shape, as
shown in Figure 4D.

As described above, it becomes possible to change the

electrostatic capacity and to adjust matching conditions with

respect to the radiation conductors 2 by changing the shape
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cof the feeder conductors 4.

These feeder conductors 4a-4d are fed in phases
difterent by 90 degrees from eacﬁ other from the feeder
circuilt 5.

As shown in Figure 1, the feeder circuit 5 can be easily
composed by the divider 6 and 9 having phases different by
180 degrees from each other and one divider 7 having a phase
different by 90 degrees from said two dividers.

The operation of the antenna element according to the
present invention will now be described.

In Figure 1, the high frequency signal fed from the
terminal of feeder circuit 8 is divided into the signals
S1-84 having phases different by 90 degrees from each other
and the same amplitude by the dividers 7, 6 and 9. Such
divided signals S1-S4 are fed to the feeder conductors 4a-4d
regpectively. Such Bignals are also fed to the radiation
conductors 2a-2d through the electrostatic coupling between
the feeder conductors 4 and the radiation conductors 2.

The high freguency signals S81-S4¢ fed to the radiation
conductors 2a-2d are balanced signals and radiate frém the
radiation conductors 2a-2d respectively. In this case, to
radiate the high frequency wsignal efficiently £from the
radiation conductor 2, the output impedance of four terminals

of the feeder circuit % must be equal to the input impedance

of so-called helical antenna respectively when the radiation

conductors 2 are viewed from the feeder conductors 4.

However, 1in the case of the helical antenna 10 having a
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number of turns less than 2, the input impedance varies

greatly according to the length of the radiation conductors
2. Sometimes, the absolute value of the input impedance
variles over a range as wide as 30-2,000 ohms.

To the contrary, the output impedance on the feéder
circuit 5 is usually about 30-300 ohms, 80 it i3 necessary to
match these impedances with each other. In the case of the
antenna according to the present invention, such matching is
attained by means of the matching conductor 3 and the feeder
conductors 4. The coupling between the matching conductor 3
and the radiation conductors 2 can be adjusted by modifying
the number and the position of the matching conductor 3. At
the same ti‘me, it 18 possible to adjust the absolute value of
the lnput impedance of the radiation conductors 2, namely,
the helical antenna itself.

The matching conductor 3 is electrostatically coupled
with the radiation conductors 2a-2d. For example, when
viewed from the radiation conductor 2a, the radiation
conductors 2b-2d are effectively coupled with each other
through the matching conductor 3. Therefore, even though the
single radiation conductor 2za has narrow or high feeding
1mpedance, such feeder impedance of the radiation conductor
2a can be made wider or lower by the addition of the matching
conductor 3, because the admittance component is connected
equivalently in parallel by the matching conductor 3.

The feeder conductors 4 are electrostatically coupled

with the radiation conductors 2. If the input impedance is
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such that the radiation conductors 2 are inductive, impedance

matching can be attained by canceling the reactance component
by adjusting the degree of capacitive coupling.

In the above-mentioned embediments, the feeder
conductors 4a-4d are arranged on the lower inner wall of the
dielectric cylinder 1, and the matching conductor is arranged

on the upper 1inner wall thereof.

SECOND EMBODIMENT

A8 shown in the perspective view of the helical antenna
20 of Figure 5, in the second embodiment of the present
invention, if electrical matching conditions can be
satisfied, a configuration containing no matching conductor
3, that i1s, a configuration without the matching conductor 3

of Figure 1, may be used. The configuration shown in Figure

S contains two radiation c¢onductors 2a and 2b. This
configuration has the advantage that the construction of the

dilielectriec cylinder 1 can be simplified.
THIRD EMBODIMENT

In the third embodiment, as shown in the perspective
view of the helical antenna 30 of Figure 6, the feeder
conductors 4a-4d are not electrostatically coupled with the
radiation conductors 2a-2d. They are directly coupled and

electrical matching is attained by means of the matching

- 13 -
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conductor 3.

The configuration shown in Figure 1 contains four feeder
conductors 4 and four radiation conductors 2 and the feeder
conductors 4 are fed in phases different by 360/4=90 degrees
from each other.

However, the present invention is not limited to such
configuration. Generally, if any configquration c¢ontains n
(natural number more than 2) feeder conductors 4 and n
radiation conductors 2, electrical enexgy can be fed by
shifting each phase of the feeder conductors 4 by (360/n)
degrees.

As described above, 1n the case of the helical antenna
of the present invention,

(1) the matching conductor arranged on the inner wall of
the dlelectric cylinder forming the helical antenna equipped
with a plurality of the radiation conductors on its surface
nas an advantage to lower the feeder impedance of the
radiation conductor.

(2) the feeder conductors arranged on the inner wall of
the dielectric cylinder forming the helical antenna equipped
with a plurality of the radiation conductors on its surface
have an advantage to cancel the inductive reactance component
of the feeder impedance of the radiation conductor and to
lower the feeder impedance.

Therefore, 1in the case of a small helical antenna
contalning a short radiation conductor requiring broad fan

radiation for a portable terminal for the mobile satellite
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communication and so on, due to the above-mentioned
advancages, very high impedance of the helical conductor can
be decreased, easy impedance matching becomes possible, VSWR
1s 1mproved, and transmission efficiency and antenna gain can
be enhanced.

While the present invention has been described in
connection with various preferred embodiments thereof, it is

to be expressly understood that these embodiments are not to

be construed in a limiting sense. Instead, numerous
modifications and substitutions of equivalent structure and
techniques will be readily apparent to those skilled in this
art after reading the present application. All Bsuch

modifications and substitutions are considered to fall within

the true scope and spirit of the appended claims.
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CLAIMS:

1. A helical antenna having a broad and fan radiation

pattern, comprising:

a plurality of feeder conductors for feeding a plurality
of balanced high frequency signals to a plurality of radiation
conductors in different phases respectively based on a first

electrostatic coupling;

said plurality of radiation conductors radiating said
balanced high frequency signals in different phases

respectively;

a dielectric cylinder having said plurality of radiation
conductors arranged on its outer wall and said plurality of

feeder conductors arranged on its inner wall; and

sald plurality of feeder conductors comprising means for
coupling electrostatically with said plurality of radiation
conductors based on an electrostatic capacitance between said

plurality of feeder conductors and said plurality of radiation

conductors.

2. The antenna as claimed in claim 1, wherein said

plurality of feeder conductors further comprises:

adjusting means for adjusting said electrostatic coupling

by changing a shape of said feeder conductors.

3. The antenna as claimed in claim 1, wherein said
plurality of radiation conductors have a length of 1.5A(A is a
wavelength of an operating frequency) and a number of turns

less than 2 turns.

4 . The antenna as c¢laimed in claim 1, wherein said

plurality of radiation conductors are adhered to said

16
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dielectric cylinder by a pressure sensitive adhesive double
coated tape.

5. The antenna as claimed in claim 1, wherein said

dielectric cylinder comprises a cylinder having a diameter

5 which is less than 0.1A, a length which is less than 1.5 A and

thickness which is less than 0.01 A.

6. The antenna as claimed in claim 1, further
comprising:

matching means connected to said plurality of radiation

10 conductors by a second electrostatic coupling, for adjusting an

impedance matching of said helical antenna.

7. The antenna as claimed in claim 6, wherein said

second electrostatic coupling i1s adjusted by modifying the

number and position of said matching means.

15 8. The antenna as claimed in claim 6, wherein said

matching means comprises:

at least one conductor arranged on the inner surface of

salid dielectric cylinder.

9. The antenna as claimed in claim 1, further

20 comprising:

feeding a plurality of signals 1n

a feeder circuit for

of fset phases to said plurality of radiation conductors via a

plurality of dividers.

10. A helical antenna having a broad fan radiation

25 pattern, comprising:

feeder means for feeding a plurality of balanced high
frequency signals directly to a plurality of radiation

conductors in respectively offset phases;

17
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said plurality of radiation conductors radiating said

balanced high frequency signals i1n different phases;

a dielectric cylinder having said plurality of radiation

conductors arranged on 1ts outer wall; and

sald plurality of feeder conductors comprising means for
coupling electrostatically with said plurality of radiation

conductors based on an electrostatic capacity between said

plurality of feeder conductors and saild plurality of radiation

conductors.

11. The antenna as claimed in claim 10, wherein said

plurality of feeder conductor further comprises:

adjusting means for adjusting saild electrostatic coupling

by changing a shape of said feeder conductors.

12. The antenna as claimed 1n claim 10, wherein said

plurality of radiation conductors have a length of 1.5A(A is a

wavelength of an operating frequency) and a number of turns

less than 2 turns.

13. The antenna as claimed in claim 10, wherein said
plurality of radiation conductors are adhered to said

dielectric cylinder by a pressure sensitive adhesive double

coated tape.

14. The antenna as claimed in claim 10, wherein said
dielectric cylinder comprises a cylinder having a diameter
which is less than 0.1A, a length which is less than 1.5A and
thickness which is less than 0.01A.

15. The antenna as claimed in claim 10, further

comprising:

18
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matching means connected to said plurality of radiation
conductors by an electrostatic coupling, for adjusting an

impedance matching of said helical antenna.

16. The antenna as claimed in claim 15, wherein said
electrostatic coupling is adjusted by modifying the number and

position of said matching means.

17. The antenna as claimed in claim 15, wherein said

matching means comprises:

at least one conductor arranged on the inner surface of

sald dielectric cylinder.

18. The antenna as claimed in claim 10, further

comprising:

a feeder circuit for feeding a plurality of signals in
of fset phases to said plurality of radiation conductors via a

plurality of dividers.

19. A helical antenna having a non-directional radiation

pattern, comprising:

N feeder conductors (wherein N 1s positive integer) for

feeding a plurality of balanced high frequency signals to a

plurality of radiation conductors in phases offset by 2n/N

[rad] respectively based on a first electrostatic coupling;

said plurality of radiation conductors for radiating said

balanced high frequency signal in said phases respectively;

a dielectric cylinder having said plurality of radiation
conductors arranged on its outer wall and said N feeder

conductors arranged on its 1inner wall;

said plurality of feeder conductors comprising means for

coupling electrostatically with said plurality of radiation

19
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conductors based on an electrostatic capacitance between said
plurality of feeder conductors and said plurality of radiation

conductors.

SMART & BIGGAR

OTTAWA, CANADA

PATENT AGENTS

20



02232064 1998-06-15

CA

FIG. 1



CA

02232064 1998-06-15

FIG. 2B



CA

02232064 1998-06-15

FIG. 3



CA 02232064 1998-06-15




02232064 1998-06-15

CA

20

;. &
O\\;/
/
— == O g
:::::::: S
ffffffff ‘.‘.‘ N I
~ “‘ ~ — bl |
‘.‘.‘.‘, —— g b T 1
S - .r,..m,.. ...-.\.N..
//7 —_—— rd
XY
,
/
. -
4

28

FEEDER
CIRCUIT

FIG. 5



02232064 1998-06-15

CA

30

23

FIG. 6



106

CA

02232064 1998-06-15

105
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