* SPECI FI_ CATI ON° ' W DE ANGLE Cl RCULAR POLARI ZATI ON ANTENNA 5 FIELD

OF THE | NVENTI ON The present invention relates to a

comuni cation field, and particularly relates to mniaturization and
configuration of a wi.de angle circular polarization antenna adapted
for portable radi o communi cation using a satellite. 10

BACKGROUND ART Recently, plans of portable tel ephone using a
satellite have been proposed by sone conpanies. As for frequency bands
in t hose plans, a band of 1.6 GHz_i? all ocated to conmunication 15
(transm ssion) froma ground portable telephone to a satellite, and a
band of 2.4 G4z is allocated to communi cation fromthe satellite to

t he ground portabl e tel ephone. In addition, the band of 1.6
Giz is allocated also as a §ggéE§¥Cg§@g used for bidirectional
comuni cation fromthe 20 ground to the satelplte and fromthe satellite
to the ground. As an antenna adapted for such satellite
comuni cat i on, an omidirectional antenna is proposed (JP-A-7-183719)
. Fig. 12 wipE ﬁh@m thﬁc@LARCPULRR@ﬁATJhDﬁ AaRmEdipect i onal ant enna _
di sclosed in the JP-A-7-1837109. In Fig. 12, a mcrostrip

pl anar antenna (MSA) 1 is
5 FIELD OF THE INVENTION
The present invention relates to a communication field,
and particularly relates to miniaturization and configuration of
a wide angle circular polarization antenna adapted for portable

radio communication using a satellite.

10
BACKGROUND ART
Recently, plans of portable telephone using a satellite
have been proposed by some companies. As for frequency bands in
those plans, a band of 1.6 GHz is allocated to communication
15 (transmission) from a ground portable telephone to a satellite,

and a band of 2.4 GHz is allocated to communication from the
satellite to the ground portable telephone.

In addition, the band of 1.6 GHz is allocated also as a
frequency band used for bidirectional communication from the

20 ground to the satellite and from the satellite to the ground.

As an antenna adapted for such satellite communication,
an omnidirectional antenna is proposed (JP-A-7-183719). Fig. 12
shows the structure of this omnidirectional antenna disclosed in
the JP-A-7-183719.

25 In Fig. 12, a microstrip planar antenna (MSA) 1 is



- 2- ~constituted by a feeding pin la, a patch-like radiating el ement
b, and a dielectric substrate 1lc. The m crostrip planar antenna (VBA)
1 is characterized in that a ground conductor plate Id is ext ended
downward to forma conductor cylinder |le as a ground. 5 Usual |y,
the mcrostrip planar antenna (MSA) 1 has such a configuration that
the patch-like radiating elenent Ib is arranged on the ground
conductor plate Id in parallel therewith through the dielectric
substrate 1c. However, the omi di rectional antenna shown in Fig. 12 is
characterized in that 10 the whole circ€unference of the ground conductor
plate 1d is ext ended downward to forma cylindrical shape as nentioned
above. By this characteristic in the omidirectional antenna

shown in F' nsjc I% Oé”td ecé)l %r Bla étjc lik cflaqcsfnr R1eme
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el evati on angle Accord In practi use ere i s a case

it is 20 thEBU%H'Ho%ﬂwﬁ%ﬁptéeﬁékh'X'é&n@ﬁcﬁ@%ﬁ@WU£ﬁﬁéf"lé'JE*% fagusete Ul
t he | i ke absorb a vertically polarized conponent. CLOSURE COF

THE | NVENTI ON Usually, th8 &8ss tois Yighdhantenegoingapr Pb‘la@éﬂsuch
according to the 25 present invention, a plurality of planar radiating
el ements aweconfiguration that the patch-like radiating element 1lb is
arranged on the ground conductor plate 1d in parallel therewith
through the dielectric substrate lc. However, the
omnidirectional antenna shown in Fig. 12 is characterized in that
10 the whole circumference of the ground conductor plate 1d is
extended downward to form a cylindrical shape as mentioned above.

By this characteristic, in the omnidirectional antenna
shown in Fig. 12, the ground conductor plate 1d of the microstrip
planar antenna (MSA) 1 is extended downward to improve the gain

15 at a low elevation angle.

In the above-mentioned omnidirectional antenna, however,
it is difficult to obtain sensitivity of a horizontally polarized
component of a circular polarization at a low elevation angle.
Accordingly, in practical use, there is a case where it is

20 difficult to keep sensitivity of communication since trees or the

like absorb a vertically polarized component.

DISCLOSURE OF THE INVENTION

In order to solve the foregoing problem, according to the

25 present invention, a plurality of planar radiating elements are



- 3- . + di sposed under a ground conductor plate of a mcrostrip planar
antenna and electrically coupled with the ground conductor plate.

Further, according to the present invention, a plurality of planar
radiating elements and a plurality of linear radiating 5 elenents are

di sposed under a ground conductor plate of a m crostrip planar antenna
and electrically coupled with the ground conductor plate. Further, a
sperrtopf (bl ocking bushing) is provided in the above-nentioned

i nvention. The "sperrtopf” is a blggklng bushi ng having a
configuration in which a cylindrical onductor of 1/4 wavel ength or
1/ 2 wavel ength is provided to cover a coaxial line in a vicinity just
under the feeding point of t he antenna in order to prevent a Ieakage

urfa e of t.he outer conduc
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configuration of a wde angle crrc rization ant ennd

expl ai ni n%ia'i)leaqukg@@‘étﬁ?flgtQ?er[?éﬁ'é@rhtnd gV ﬁﬂfli‘é’ﬂlty of llnear radfh€8ng2A

to 2D are diagrans illustrafing various exanple t he basic and

typi cab shapan&itd herdl @sposadi @das £|@f@@ﬁd cond@@@@fdpPQtéQofhﬁ
enbodi ment of the present invention; Figs. 3Ato 3K are
di agrans lmimg@iimq:y@ﬁapt@nwml asd electrlcally coupled with the
ground conductor plate. Further, a sperrtopf (blocking bushing)
is provided in the above-mentioned invention. The "sperrtopf"
is ablockingbushinghaving a configuration inwhich a cylindrical
10 conductor of 1/4 wavelength or 1/2 wavelength is provided to cover
a coaxial line in a vicinity just under the feeding point of the
antenna in order to prevent a leakage current from flowing in the
outer .surface of the outer conductor of the coaxial cable, the
cylindrical conductor being opened on the antenna side while it

15 is connected at the other side to the outer conductor of the coaxial

line.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspective view illustrating the
20 configuration of a wide angle circular polarization antenna for
explaining an embodiment of the present invention;
Figs. 2A to 2D are diagrams illustrating various examples
of the basic and typical shape of the planar radiating element
according to the embodiment of the present invention;

25 Figs. 3A to 3K are diagrams illustrating various examples



- 4- rof the typical nodified shape of the planar radiating el enent

accordlng to the enbodi ment of the present invention; . Figs. 4A
to 4C are diagrans illustrating various exanpl es of the position where
a -ground conductor plate and the planar 5 radiating elenment are
electrically coupled with each other by an el ectrically coupling neans
according to the enbodi nent of the present invention;

Figs. 5A to 5C are diagranms illustrating various exanpl es of the
systemin which the ground conductor plate and the planar 10 radiating

el ement are electrically coupled with galh ot her by the electrically
coupling neans in the enbodi nent of the present i nvention, Fig. 5A
being a di agram of DC coupling by neans of a wire, Fig. 5B being a

5C bel ng a%8: SPany §$c‘éﬁdﬁ'e‘ 10488 85A PR L1806y PRaRAE Srctin i R e arent
el ement ; accorfilpﬁetpe {aheanagﬁ)mggﬁarﬁ g;h%gé?g%e'nltl ?\Irvre%tt' _yarl ous

exanpl es ectrically coupling neans

for el ectri cakhgogggagkb% ag §9&q ratalngt 9a§{‘9u%%‘§<amﬁrﬁ%%lr on:

radi ati ng el ement ac gtot odi nent o the present

Figs. 7A tggienar o%h%%@n'Mh%%%rétb?@uﬁ&aEBhﬁﬁc%BrtB@ate ad@“%ﬂ@'ﬁ%%h‘ﬁ

the present inventfion, Fig. 7Abeinga side sectional view of a w
angle cgr Ck‘h@ﬁ.al@@héréz&ﬁéﬁ)ﬂ ﬁrtt gneatRiewldedcdipled wit RS Beheﬁ%ﬂ}%(ht I'ng

the distortion of a radiating pattern, Fig. 25 7B being a bottom view of
Fig. 7A, Fegecttibealng aotpUengemésnsadccording to the embodiment of the
present invention;

Figs. 5A to 5C are diagrams illustrating various examples
of the system in which the ground conductor plate and the planar

10 radiating element are electrically coupled with each other by the
electrically coupling means in the embodiment of the present
invention, Fig. 5A being a diagram of DC coupling by means of a
wire, Fig. 5B being a diagram of capacitive coupling by means of
a capacitive element, Fig. 5Cbeing a diagramof inductive coupling

15 Dby means of an inductive element;

Figs. 6A to 6E are diagrams illustrating various examples
of the length and width of the electrically coupling means for
electrically coupling the ground conductor plate and the planar
radiating element according to the embodiment of the present

20 invention;

Figs. 7A to 7C are views illustrating examples of the
embodiment of the present invention, Fig. 7Abeing a side sectional
view of a wide angle circular polarization antenna provided with
means for correcting the distortion of a radiating pattern, Fig.

25 7B being a bottom view of Fig. 7A, Fig. 7C being a side sectional



view of the wi'de angle circular polarization antenna in which the

means for correcting the distortion of a radiating pattern is provi ded
inthe vicinity of a feeder line; Figs. BA to 8B are views
il.lustrating an exanpl e of 5 application of the wi de angle circular

pol ari zati on ant enna according to the present invention nmounted on a
portable radio equi pnent, Fig. 8A being a viewillustrating the state
i n which the wi de angle circular polarization antenna is kept away
from the portable radio equipnent_h€u§ing and the feeder line is drawn
10 out of the housing, Fig. 8B being a Viewillustrating the state in
whi ch the wide angle circular polarization antenna is kept cl ose to
the portabl e radi o equi pment housing, and the feeder line is dr awn
into the hqusing; . Figs..9A and 9 e di_agr | at.i t he
wi de angl e'148 itpguwja?e S&g&rei %é??%%ﬁagrﬁ%eqnanlgl%a%:lcﬁrgF%‘geg gi% t %Ig @r%o%gitgr%%nt

of the S LAV i i Q. L Ng.an.e . i hart
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Fig. 10 ispa.diagnamshoui PY-2Riey20p! & EBeUBLChige;  radiation pattern
in the mnd% angle circular polarization antenna 20 according to the

embodi nent of the PI%§?”$Z_U@cyeé‘EiQf'ei§iéW§_SyIP@stratih@ bheepampl bopal

rel ationship in which horizontal polarization is provided at a | ow
el evatipn apglecation of the wkd@. addléscardiagrapbihonzngian exaephe in
whi ch a radi ati on pattern in the wi de angle circular polarization

antenna 2accaeddndi bg tive tghse serbodinwentt iofn el et al poertbibde radio
Teasured equipment, Fig. 8A being a view illustrating the state in which
the wide angle circular polarization antenna is kept away from
the portable radio equipment housing and the feeder line is drawn
10 out of the housing, Fig. 8B being a view illustrating the state
inwhich thewide angle circular polarization antenna is kept close
to the portable radio equipment housing, and the feeder line is
drawn into the housing; |
Figs. 9A and 9B are diagrams relating to the wide angle
15 circular polarization antenna according to the embodiment of the
present invention, Fig. 9A showing an example of Smith chart
showing double resonance, Fig. 9B showing an example of VSWR;
Fig. 10 is a diagram showing an example in which a
radiation pattern in the wide angle circular polarization antenna
20 according to the embodiment of the present invention is measured
in the positional relationship in which horizontal polarization
is provided at a low elevation angle;
Fig. 11 is a diagram showing an example in which a

radiation pattern in the wide angle circular polarization antenna

25 according to the embodiment of the present invention is measured



- 6- . “in the positional relationship in which vertical polarization

is provided at a | ow el evation angl e; Fig. 12 is a
perspective view for explaining a conventional technique; 5

Fi.g. 13 is a perspective view of a wide angle circular pol ari zation
antenna for explaining another enbodi nent of the present invention;
Figs. 14A and 14B are radi ation characteristic diagrans of the antenna
of Fig. 13 at a low elevation angle, Fig. 14Ashowing 10 a vertical

pol ari zati on conmponent, Fig. 14B show ng hori zont al pol ari zati on
conponent; Fig. 15 is aviewillustrating a further

enbodi nent of the present invention; and Figs. 16A and

16B are radiation characteristic diagrams 15 of the antenna shown in Fig.
13, in mhlch ed int si de

. th
di el ectric %yl Pﬁﬁl gl%?%llga t%lorb%’sﬁﬁ IIBnQXcJo(F Vﬁ&ﬂ"laﬂgpf’ alrﬁéaﬁép_ﬁhfs of
t he pl anar é?oq’lla&é&%tlé’g lcﬁ,\L eéieévat an 3 showi ng a vertical polarization

conponent, WNg a horiz 4 pol ari zati on conponent. 20
Fig. 1

THE MOST PREFERREDEIY?)E I
is a schematic dia n]IEF@ tra?¥ﬁg§%§HESA}E%ﬁ$N§urat|5% dfnfﬁ% pr esent

i nventi on. ddhd@ﬂildbaﬂxygdﬂﬁyﬁue equi valent to those in Fig. 12 are
ref erenced correspondi ngly.

5 Fig. 13 is a perspective view of a wide angle circular
polarization antenna for explaining another embodiment of the
present invention;

Figs. 14A and 14B are radiation characteristic diagrams
of the antenna of Fig. 13 at a low elevation angle, Fig. 14A showing
10 a vertical polarization component, Fig. 14B showing a horizontal
polarization component;
Fig. 15 is a view illustrating a further embodiment of
the present invention; and
Figs. 16A and 16B are radiation characteristic diagrams
15 of the antenna shown in Fig. 13, in which a radio wave absorber
is charged in the inside of the dielectric cylinder up to the
position corresponding to the height of the planar radiating
element,Fig.lGAshowingaaVerticalpolarizationcomponent,Fig.
16B showing a horizontal polarization component.
20
THE MOST PREFERRED MODE FOR CARRYING OUT THE INVENTION
Fig. 1 is a schematic diagram illustrating a
configuration of the present invention. In Fig. 1, portions
equivalent to those in Fig. 12 are referenced correspondingly.

25 That is, the reference numeral 1 represents a microstrip planar



25 That s, the reference nuneral 1 represents a mcrostrip planar

-7- antenna (MSA); la, a feeding pin of the MSA; | b, a patch-Ilike
radi ati ng el enent of the MSA, 1c, a dielectric substrate of the VBA,;
1d, a ground conductor plate of the MSA;, 2, an electrically connecti ng
nmeans; 3, a planar radiating elenment; 4, a dielectric 5 cylinder
(support cylinder); 5, a feeding point; and 6, a feeder | i ne (coaxi al

| ine, or coaxial cable). : The mcrostrip planar antenna (MSA)
1inthe formof a circle, a quadrilateral, or the |like, acts as a
circul ar pol ari zati on ant enna with d desired frequency when suitable
10 design is given to the paraneters such as relative dielectric

constant, dinensions, etc. of the dielectric substrate 1lc, the si ze of

t he patch- 1L radi ating el ement. | b .pasted on the . dielectric. substrate
1c, the posit 'eélﬁlaof(ﬁgﬁg ‘t gl@di g S5 Pady ot tr}‘esé‘{s&_ c!“31'5 3 paten-itke

he posi 11 AR RPURG FOhERs Brncia thpoterng AEREIRRESe spmebEROLIEANC,

the position o ng pin y because it

d d i atd : t,
and the o KTV Ga 15 BonaeLrPRaeeE R Blathtor he B B P e Whsea

on the posidin@R@finghRebB8di 102 RanBkrd@iatind SINGLERSALY 4 UIPKE @ ¢
offset fromthe center of the dielectric substrate lc in order to neet

the chagacigiiisides (suppbFREERNDRISF) | B3 heedelihyNeo thi Yl by 5Cd&idd )
Thi s of fset causes turbul ence in a high-frequency current, so that the
radi ati ng line pabla&imli 9 itieSt @t @daxial cable).

The microstrip planar antenna (MSA) 1 in the form of a
circle, a quadrilateral, or the like, acts as a circular
polarization antenna with a desired frequency when suitable

10 design is given to the parameters such as relative dielectric
constant, dimensions, etc. of the dielectric substrate lc, the
size of the patch-like radiating element 1lb pasted on the
dielectric substrate 1lc, the position of the feeding pin la, and
SO on.

15 However, the impedance matching based on the resonance
frequency and the position of the feeding pin la should be done
carefully because it depends on the shape and arrangement of the
planar radiating element, and the electrically connecting means.

In the impedance matching based on the position of the feeding

20 pin la, it is necessary to make an offset from the center of the
dielectric substrate lc in order to meet the characteristic
impedance of the feeder line 6 (usually 50 ). This offset causes
turbulence in a high-frequency current, so that the radiating
pattern is distorted.

25 Fig. 1 shows an embodiment of the present invention, in



25 . * Filg. 1 shows an enbodi nent of the present invention, in

whi ch the operating frequency of the mcrostrip planar antenna (MBA) 1
is about 1.6 GHz. The circular patch-like radiating elenent |Ib is
pasted on the circular dielectric substrate 1c. The ground conduct or
plate 1d of the mcrostrip planar antenna (MSA) 51 is supported by the
dielectric cylinder 4 having substantially the sane dianeter as the
former. Four sane planar radiating - el enents 3 curved in accordance
with the curved shape of the circunference of the dielectric cylinder

4 are pasted on the whole circunfergnéé of the latter equidistantly or
at regular 10 intervals. The planar radiating elenents 3 are
not al ways necessary to be curved but they may be arranged w t hout
bei ng curved.. Preferably, .t he nunber _of, the. pl anar. radj atin | ement s
3is glg'llecg’t S SPEEFOP §FoHRFRCY §E the mlgrg%%%%}?i,%%r yteild
pref erabl e 5@% el.ect_ t i~C of €. Le LessuUb . i's
made substén |2Iﬁyq§h§§%n%%]fﬁg%%§' F%%gf ﬁgF%gk h?%%%s?é%go?%?%%%ﬁkghar

radi ating e1eneiatS18-isl Pasted off T6E cli® oL @i &1 &R6: 8L IUBNIMY c.  The
omidirectionally, it i's inportant that the surface where the planar

radi ating reymid sondlctdrapBatth 3l bbuted rard-gHt5Ags pdahs rt AgtShRS UM )ENCE

havi ng substantially the same dianeter as the mcrostrip planar

antennas 1 i6MoAYpdrtdd®gEBENgi Spasitet ©cyilidided d havehe SubLadd i £1oupl ed
with the planar radiating elements 3 through wires (electrically
coupl i ng nedves sAme Biengyteunc sC aheduEottnel.at Bold sama glansd radiating
elements 3 curved in accordance with the curved shape of the
circumference of the dielectric cylinder 4 are pasted on the whole
~circumference of the latter equidistantly or at regular
10 intervals.

The planar radiating elements 3 are not always necessary
to be curved but they may be arranged without being curved.
Preferably, the number of the planar radiating elements 3 is
selected to be four or more. |

15 Further, it is preferable to select the thickness of the
dielectric substrate lc is made substantially equal to the
longitudinal dimension of the planar radiating elements 3. 1In
order to obtain a radiation pattern omnidirectionally, it is
important that the surface where the planar radiating elements

20 3 are distributed and disposed is the circumference having
substantially the same diameter as the microstrip planar antenna
(MSA) 1. The ground conductor plate 1d is electrically coupled
with the planar radiating elements 3 through wires (electrically
coupling means 2). The ground conductor plate 1d is a ground

25 conductor common to the microstrip planar antenna (MSA) 1 aﬁd the



25 conductor ‘common to the mcrostrip planar antenna (MSA) 1 and the
- 9- pl anar radi ating el enents 3. The dielectric
substrate 1c has a relative dielectric constant of about 20, a
di-ameter of about 30 mm and a thickness of about 10 mm The
dielectric cylinder 4 has a relative 5 dielectric constant of about 4, a
di aneter of about 30 mm and a height of about 20mm The thi ckness of
the dielectric substrate 1c and the | ongitudinal dinension of the
pl anar radiating el enents 3 are nad&lsubstantially equal to each
ot her. I'n the antenna according to this enbodiment, the 10
sensitivity of a horizontal polarization conponent in the nlcrostrip
pl anar antenna (MSA) 1 at a low elevation angle is i nproved by the
action of %)h&gp frequ ngy rrent flomnng in the transverse direction
of the pla éT Padi At 3 % ile the sensitivity of a

vertical polarlzat%%% %ﬁ@ﬂ%@%@&c‘%u%@&&%%%dlcliasbé.E%ﬁ Gljeony 1Qf o tric

hi gh-frequency current Tl ow Iongltu |rect|on of 't

el ements 3.constant of abohP %Q”H@Bhéﬂgt@&t £ '@@Qﬁﬁnﬁptgﬂaaa ﬂﬂhéﬁﬁéif

configuration according to t Conventional tech ni que shown in

12, it is @ fpultt foormma hirgh- BESQHEBEYCCHPEQﬂHeEOM hay a2@ec1Befiveontal l'y
so that the axial ratio is large at a | ow elevation angl e, though the

sensi tiyi t Wikl s twald icodls tReltabifzabbR 4, a €08RNEBERIof SabdWE 0¥@tum, and
In the enbodi ment shown in Fig. 1 according to the present invention,
the four plaahaightdifeibagt @0enent $ha weckmses of the dielectric substrate
lc and the longitudinal dimension of the planar radiating elements
3 are made substantially equal to each other.
In the antenna according to this embodiment, the
10 sensitivity of a horizontal polarization component in the
microstrip planar antenna (MSA) 1 at a low elevation angle is
improved by the action of a high-frequency current flowing in the
transverse direction of the planar radiating elements 3, while
the sensitivity of a vertical polarization component is improved
15 by the action of a high-frequency current flowing in the
longitudinal direction of the elements 3.
In comparison with the above antenna, in the
configuration according to the conventional technique shown in
Fig. 12, it is difficult for a high-frequency current to flow
20 horizontally so that the axial ratio is large at a low elevation
angle, though the sensitivity of a vertical polarization
component is improved.
In the embodiment shown in Fig. 1 according to the present
invention, the four planar radiating elements 3 are made

25 rectangular and disposed on one and the same circumference of the



- 25 rectangul ar and di sposed on one and the same circunference of the

- 10 - side surface of the dielectric cylinder 4. However, the

pr esent invention is not limted to such an enbodi nent, but, for

exanpl e, various planer radiating elenents showmn in Figs. 2A to 2D,

Fi gs. BAto 3K, or the like, may be conbi ned desirably in accordance

5 wth the formof a satellite orbit, a satellite altitude or the i ke
of a desired satellite conmunication system Figs. 2A to 2D

show exanpl es of the typical basic shape10 _of the planar radiating

el ement. The exanpl es of the basic shape include a rectangle which is
long fromside to side as showmn in 10 Fig. 2A, a rectangle which is

| onger than it is wide as shown in Fig. 2B, a square as shown in Fig.
2C, and a triangle_as shown . .in_Fig. 2D Eigs. 3A to 3K
show exanpl® eogufﬁécFy% e %S%FFEnghﬁ%glnder %o Pﬁgegﬁghaﬁh?é’cﬁeaﬁnﬁb

el ement. Th | es_i : \Y; hapes 4 0 i NeFl 0
3E, an i nclli%ﬁ’:eg&g%élpgsarg) sggﬁﬁl&;&? & su]chl aﬁ 3 ufo%%ﬁ%%gﬂwsﬁﬁdépggkg%(as OV\E/TI”{ in
Figs. 3G a h S - HAEs st NaPeSds 2958V} g s
3l and 3J, an %gsrggkgprsﬁ%ggétlng_ealgs _ovvnsi n E!sg. BKQS _ l_d
Further, acgordi g, tgrt BRePLEREN b HVISAI O i NEH | Q4151 r A9 vy CONTd @i dddns of
the electrically coupling nmeans as Shown, by way of exanple, in Figs.
4A to 4€, Kigh thA FerRGeranddtids.itthorbit,t @ 6ktBRYibe desitadkyoeaiHx ned
wi th various planar radiating el ements as shown in Figs. 2A to 2D and
Figs. 3A tQi¥é of a desired satellite communication system.

Figs. 2A to 2D show examples of the typical basic shape
of the7planar radiating element. The examples of the basic shape
include a rectangle which is long from side to side as shown in

10 Fig. 2A, a rectangle which is longer than it is wide as shown in
Fig. 2B, a square as shown in Fig. 2C, and a triangle as shown
in Fig. 2D.

Figs. 3A to 3K show examples of the typical modified shape
of the planar radiating element. The examples include uneven

15 shapes as shown in Figs. 3A to 3E, an inclined shape as shown in
Fig. 3F, notched shapes as shown in Figs. 3G and 3H, hollow shapes
(frame-1like shapes) as shown in Figs. 3I and 3J, and a radial shape
as shown in Fig. 3K.

Further, according to the present invention, wvarious

20 configurations.of the electrically coupling means as shown, by
way of example, in Figs. 4A to 4C} Figs. 5A to 5C, and Figs. 6A
to 6E may be desirably combined with various planar radiating
elements as shown in Figs. 2A to 2D and Figs. 3A to 3K.

Figs. 4A to 4C show examples of the configuration of the

25 coupled positions between the conductor plate 1d and the planar



Figs. 4A to 4C show exanpl es of the configuration of the 25 coupled
positions between the conductor plate Id and the planar
radiating el enent 3 by the electrically coupling neans 2.

Fi-gs. 5A to 5C are di agranms each showi ng coupling system of the
electrically coupling neans (electrically coupl edportion) 2. Fig. 5A
shows a DC coupling in which the conductor plate 1d 5 and the pl anar

radi ati ng el enent 3 are coupl ed through the el ectrically coupling
means 2 constituted by a wire. Fig. 5B shows a capacitive coupling
through the electrically coupling “mehns 2 constituted by a capacitive
elenent. Fig. 5C shows an i nductive coupling through the electrically

coupling means 2 10 constituted by an inductive el enent.

oS o0 LB SR RBLS P e oA Ao loling, poledl ! oL
"n 1 ength from each grrer® While fras ridns g3t B AR CRaRE Ay LI
The vari oud teamal e LBt ara Tt M e LRt Y CBUBTER i an e,

and the vani oug;gxagR| £8ows é'ﬁt‘@dﬁﬁl@n@aEEYWhich EHHpébﬂﬁuBE@PiPPE@éVRPed
above and shown in Figs. 2A to 2D, Figs.” 20 3Ato 3K, Figs. 4A to 4C

Figs. 5A tanadCtard dliagsr GAdiatihgmement B 3@ eupRly esdugbldhe

conbi ned as setting el enents for obtaining a desired antenna radiation
pattern. Bedakse ilhany ajotipling RN Qlomitians &b Wescniihed, alfaye, sehe
degree of freedomin
shows a capacitive coupling through the electrically coupling
means 2 constituted by a capacitive element. Fig. 5C shows an
inductive coupling through the electrically coupling means 2
10 constituted by an inductive element.

Figs. 6A to 6E show examples of the configuration of the
electrically coupling means 2 different in width and length from
each other. Figs. 6A to 6C show examples of the electrically
coupling means 2 different in length from each other, while Figs.

15 6D and 6E show examples of the electrically coupling means 2
different in width from each other.

The various examples of the planar radiating element
mentioned above, and the various examples of the electrically
coupling means mentioned above and shown in Figs. 2A to 2D, Figs.

20 3A to 3K, Figs. 4A to 4C, Figs. 5A to 5C and Figs. 6A to 6E may
be selectively desirably combined as setting elements for
obtaining a desired antenna radiation pattern. Because there are
maﬁy combinations as described above, the degree of freedom in
design for obtaining a desired antenna radiation pattern is very

25 large.



design for- obtaining a desired antenna radi ation pattern is very 25

|ar ge. - 12 -

In addition, Figs. 7Aand 7B show an exanple in which there is provided
nmeans for correcting distortion of the radiation pattern caused by the
interaction with a feeder line is provided. Fig. 7Ais a side
sectional view of a wide angle circular 5 pol ari zation antenna, and Fig.
7B is a view of the wide angle -circular polarization antenna vi ewed
fromthe bottomto show the i nsi de the dielectric cylinder 4. An

el I'i psoi dal conduct or 7 (see Fig. is used as a correction neans,
and a feeder |ine . 6 is passed through the conductor 7. The pl anar

radiating 10 elenents 3 and the electrically coupling nmeans 2 pasted on

the curved surhagfa Al desbg) o Lh AYLABIYN xBns1 9% GhoMl dbfd 05

7A and 7B. sectlona Vi ew ano

exampl e of ;5 5y HRARY QG n%orffo‘i‘:cgorf‘%e@'t% M4 QR o sbRe J gacih%t 'xg.rag] Ly In

this 15 conplguratlon i 'ne I'S surrounded by a ectric

body 8. pattern caused HPTRENALE QP ¥ {4 @dl@?xréa@é:dé@_dn'lﬁeeﬂé“p@%mdedme”

a wi de angle circular polarization antenna is installed réenovably

froma portable ragig.epniiendi dMOBIAM onNevesadt & RidbehgRd circular
configuration shown in Fig. 7C may be used as neans for fixedly

suppor t$ ngpbhe rwizde ianglae tenhayl ahdpaligr.i zat iign aartieana fothiehvide angle

portabl e radi o equi pnent housing at a predeterm ned di stance from
circular polarization antenna viewed from the bottom to show the
inside of the dielectric cylinder 4. An ellipsoidal conductor
7 (see Fig. 7B) is used as a correction means, and a feeder line
6 is passed through the conductor 7. The planar radiating

10 elements 3 and the electrically coupling means 2 pasted on the

curved surface of the dielectric cylinder 4 are not shown in Figs.
1A and 7B.

Fig. 7C is a sectional view showing another example of
means for correctingdistortion of the radiationpattern. 1In this

15 configuration, the feeder line 6 is surrounded by a dielectric
body 8.

In combination with a portable radio equipment, when a
wide angle circular polarization antenna is installed removably
from a portable radio equipment housing, the example of the

20 configuration shown in Fig. 7C may be used as means for fixedly
supporting the wide angle circular polarization antenna on the
portable radio equipment housing at a predetermined distance from
the housing.

Figs. 8A and 8B show a configuration in which a wide angle

25 circular polarization antenna can be made close to or away from



the housing. - Figs. 8A and 8B show a configuration in which a
wide angle 25 circular polarization antenna can be nmade cl ose to or away

from - 13 - t he housi ng
of a portable radi o equi pnent. That is, Figs. 8A and 8B are
schematic sectional views showing a main part in section of the w de
angl e circul ar pol ari zati on antenna according to the present invention
is 5 attached to a portabl e radi o equi pnent. As shown in
each of Figs. 8A and 8B, a dielectric b _ 8 provided with a built-in
feeder line is arranged so that it can be pushed into and drawn out of
the housing 9 of a portable radio equi pnent desirably. 10 I n
Figs. 8A and 8B, the reference nuneral 10 represents a portable radio

equi prent ¢ircuit. .A w de_angl Lrcul ar .pol ari zati on ant enna
configuredgéﬁnﬁPgﬁﬂ?gtS tﬁangﬁ Sind ﬂa.equlg%? taccording to the present
i nvention is provi at .the: 1 op i i . 15

In this enbodi ment ‘Eg vailsf nﬁiz(%g's. %f%%ds%%eregﬁ%e}ﬁ%giaﬁlc% %%(&1%513% i%s%ews

attached t ut,e g eren : _the sdirelect: ii.C ; : ~+That i s,
Ehed of ect SToAEn9 B hathl BUBLOAANSECER h 6 Lk ALCRibeC aROTE ciraulariBl I

is an el ashbgaked¥tion antenna ac%@%ﬁih@etwi@ﬁeaggbgeﬁkrQ%h@htﬁ%ha&%?atiOn
antenna is 20 drawn out of the housing 9 (see Fig. 8A) , the elastic

force f attathedspei agpbktebhe feuee kauipwehitng and opening the wide
angl e circular polarization antenna and the housing) acts so that the
As shown in each of Figs. 8A and 8B, a dielectric body
8 provided with a built-in feeder line is arranged so that it can
be pushed into and drawn out of the housing 9 of a portable radio
equipment desirably.

10 In Figs. BA and 8B, the reference numeral 10 represents
a portable radio equipment circuit. A wide angle circular
polarization antenna configured similarly to that shown in Fig.
7C according to the present invention is provided at the top of
the dielectric body 8.

15 In this embodiment shown in Figs. 8A and 8B, an elastic
body is attached to the outer circumference of the dielectric body
8. Thatis,thedielectricbodyfiisdisposed/forexample,inside
a spring 11 which is an elastic body.

When the wide angle circular polarization antenna is

20 drawn out of the housing 9 (see Fig. 8A), the elastic force of
the spring 11 (the force for pushing and opening the wide angle
circular polarization antenna and the housing) acts so that the
dielectric body 8 fixedly supports the wide angle circular
polarization antenna in a predetermined position away from the

25 housing 9.



dielectric body 8 fixedly supports the wi de angle circular
pol ari zation antenna in a predeterm ned position away fromthe 25 housing

9. - 14 - On the
other hand, when the dielectric body 8 is pushed into the housing 9
(see Fig. 8B), the wde angle circular pol ari zation antenna is fixed
inthe vicinity of the portable radio equi pnent housing 9 by neans of
a suitable | ock neans (not shown) -5 against the repul sive force of the
spring 11. Figs. 9A QBh_;g and 11 show exanpl es of

measur enent of Smth chart, VSWR r %iation patten, and so on, of the

w de angl e circular polarization antenna in the enbodi nent of the
pr esent invention. 1 Fig. 13 shows anot her enbodi nent of

0
the wi de angle Onckﬁguclf%g#g{.aarri%,z%e N gt Qﬁgiﬁéﬁﬁt{:gb{}%gté’ fé‘%,y,%h?e%ﬁnt

i nvention. parts ‘equi valen se1n

are r ?L%xgog F&%%i' poUsERgP @nqi@g@' Yoi ANGEH NE FRS Gl ia?{%laeb Uty dNQ5e parts

is omtted thé“constituent parts the antenna in

this enbodiBBRAL § 7atichNHFendh Eggsdlﬁe% 1hithRAY1 & ASH 8 bForred 58’_%&55%&%&11% a

sperrt opf 13 are not provi In the antenna shown in Fig.

The sperrt@plibRent HSG§§.£?L§ 8¢ RYars PNEUSE DEals Ve i M8 means 188t MHowd) a
coaxial line 6. The coaxial line 6 and the conductor 20 cylinder 13a are

opened ®n L@ ifiser eslel ireppllanae Fdkernaf( MBA) springsilde, while an outer
conductor of the coaxial line 6 is connected to the conductor cylinder
13a so as to be shedgsci gy 9®d I aal 11 show examples of measurement of
Smith chart, VSWR, radiation patten, and so on, of the wide angle
circular polarization antenna in the embodiment of the present
invention.
10 Fig. 13 shows another embodiment of the wide angle
circular polarization antenna according to the present invention.
In Fig. 13, parts equivalent to those in Fig. 1 are
referenced correspondingly, and the description about those parts
is omitted here.
15 Of the constituent parts of the antenna in this embodiment
shown in Fig. 13, linear radiating elements 12 and a sperrtopf
13 are not provided in the antenna shown in Fig. 1.
The sperrtopf 13 is constituted by a conductor cylinder
13a put on a coaxial line 6. The coaxial line 6 and the conductor
20 cylinder 13a are opened on the microstrip planar antenna (MSA)
side, while an outer conductor of the coaxial line 6 is connected
to the conductor cylinder 13a so as to be short-circuited in an
end portion 13b on the side opposite to the MSA.
The electrical length of the sperrtopf 13 thus configured

25 1is selected to be about 1/4 wavelength or about 1/2 wavelength.



end portion 13b on the side opposite to the MSA. The
electrical length of the sperrtopf 13 thus configured 25 1is selected to
be about 1/4 wavel ength or about 1/2 wavel ength.

- 15 - The four linear radiating elenments 12 are nade to
have an electrical length of about 1/4 wavel ength, and di sposed on the
side surface of the dielectric cylinder 4 alternately with four pl anar
radi ating el enents 3. One end of each linear radiating 5 elenent 12 is
el ectrically coupled with a ground condegor pl ate Id, while the other
end of the elenents 12 is electrically connected to the surface of the
conductor cylinder 13a. In such a manner in this enbodi nent
of Fig. 13, there is provided a conposite radiation element structure

in which the 1Oraghner88§ Pgtlngsg%gfggiﬁg lemeQEQVig % a d| (ha(ﬁ

t he pl anar

Filg 13, 2 ehestil s UlsIal elinonr gmas fchvergcg g%‘o e<a SR ANt

of about 2 neés

di el ectric %'eqﬁ%aéeléffa{meﬂe%t g,rlg%g% Qiﬁéfﬁé‘c?%hﬁi’tl‘i@f&

relative dlelectrlc const ant di anet ero nm ahel ght
of 20 mm andakhH ¢4A88%ing el@fneﬁtgma Ac%é Gerd Or Gimpuli BRI dayiused,d or

the linear radiating el enents 12. The conductor cylinder 13a of the
sperrtopf ichast 12 1s-?lré1@@1:%&&@@9&6&;:9&6&&&1@Iaag@bahd cdfductor plath
sem -rigid cable having an outer dianeter of 2.2mm di anmeter is used as

the coaxi alld,i maiGe Aheenthalr epdduwdt @heOfelements 12 is electrically
connected to the surface of the conductor cylinder 13a.
In such a manner in this embodiment of Fig. 13, there is
provided a composite radiation element structure in which the

10 liner radiating elements 12 is provided in addition to the planar
radiating elements 3.

In the embodiment of Fig. 13, a dielectric substrate 1c
has a relative dielectric constant of about 29, a diameter of 28
mm, and a thickness of 10 mm. A dielectric cylinder 4 is formed

15 of ceramics (forsterite) having a relative dielectric constant
of about 6.5, a diameter of 28mm, a height of 20 mm, and a thickness
of 2mm. Awireof 0.6mm diameter is used for the linear radiating
elements 12. The conductor cylinder 13a of the sperrtopf 13 has
an outer diameter of 6émm diameter.

20 A semi-rigid cable having an outer diameter of 2.2mm
diameter is used as the coaxial line 6. A central conductor of
the coaxial line 6 is connected at its one end to a feeding pin
la, and connected at its other end to a connector 15. Each of
the planar radiating elements 3 is 10 mm long and 15 mmwide. Each

25 of the electrically coupling means 2 is 5 mm long and 2 mm wide.



the coaxial line 6 is connected at its one end to a feeding pin | a,
and connected at its other end to a connector 15. Each of t he pl anar
radiating elenents 3 is 10 mmlong and 15 nmwi de. Each 25 of the

el ectrically coupling nmeans 2 is 5 mmlong and 2 nm w de.

- 16 - The sperrtopf 13 is disposed under the planar radiating

el enent s 3 so as not to overlap the planar radiating elenents 3.

In the wide angle circular polarization antenna of Fig. 13, the
sensitivity of a horizontal polarization conponent in the 5 microstrip

pl anar antenna (MSA) 1 at a IOM/eIevatio% angle is i nproved by the
action of a high-frequency current flowing in the transverse direction
of the planar radiating elenents 3, while the sensitivity of a

vertical polgri %gp@%{%glr{gopggilg@%s}e%undea glyec baShalPr 4 2081 n 3 U1 (VB

1 at a | ow on rove he act1on

hi gh- Trequanc oWl EEH o) Qed I e p1anard gLl ity an of the

pl anar radiating elenents 3 an equency current flow ng al ong

the linear radiating the wfI&BY® tarcular olarizaﬁioﬂa§nééﬁﬂad§§Qkaﬁd
above, in this enbodi nent of the 15 presen? i nvention, four rectangul ar

pl anar radiiati fide &JeEINtiS ideof a hotigpaEad S HEz ANTbh RemeMRnY U8 the
circunferential surface of the di el ectric cylinder 4. However, the

presentsi ny@Ririo@t Hip MAlanar antiefinedMsa)t hi st and ovard1eis tShapesmdlfe tike
pl aner radiating el ements 3 may be conbined desirably in accordance
with the fdmpsovad boftie aatebhi d® aohbgh;-facgatatyidwermdiit fldeingr it Hhe
li ke, of a desired satellite comuni cation system Further, as for the
transverse direction of the planar radiating elements 3, while
the sensitivity of a vertical polarization component in the
microstrip planar antenna (MSA) 1 at a low elevation angle is
10 improved by the action of a high-frequency current flowing in the
longitudinal direction of the planar radiating elements 3 and a
high-frequency current flowing along the linear radiating
elements 12.
As has been described above, in this embodiment of the
15 present invention, four rectangular planar radiating elements are
disposed on one and the same side circumferential surface of the
dielectric cylinder 4. However, the present invention is not
limited to this, and various shapes of the planer radiating
elements 3 may be combined desirably in accordance with the forms
20 of a satellite orbit, a satellite altitude, or the like, of a
desired satellite communication system. Further, as for the
linear radiating elements 12 and the sperrtopf 13, it is possible
to control the axial ratio or the gain by adjusting the respective

lengths of the linear radiating elements and the sperrtoph or

25 coupled positions thereof.



linear radiating elenents 12 and the sperrtopf 13, it is possible to
control the axial ratio or the gain by adjusting the respective
| engt hs of the linear radiating elenents and the sperrtoph or 25 coupled

positions thereof. - 17 -
Figs. 14A and 14B are radi ation characteristic di agrans at a | ow

el evation angle of the antenna in Fig. 13, Fig. 14A show ng a vertical
pol ari zati on conmponent, Fig. 14B showi ng a hori zontal pol ari zati on
conponent . 5 Fig. 15 is a sectjonal view of a wde angle

circul ar pol ari zati on antenna showng a further enbodi nent of the

pr esent invention. Also in Fig. 15, parts equivalent to those in the
ot her drawi ngs are referenced correspondi ngly. In this

orbodient Shoun 8450 4F o 3 EpEAVE AR e R 1o g
noide of Lp, Sbsl Gty ayLLodet AUl Lhe Al 1M g 13, LI SEL ol

| nsi de the tTour planar enen 0 wave absorber
14 relieves | r +44ide I I

oo o oy BT R ASED LORRLRRAE) 4100 1:8Puntltny 4 ey plgit
hori zont al ¢ : AN t and a vertical pol ari zati on
conmponent ngéﬁgbég%g?aﬁgﬁgﬁﬁgﬁgﬁiforn1 Figs. 16A and 16B are

radi atispn charactepigti ¢5di 308a88ctional NvBWCHt hewiadi anwavecabsanber is
charged in the inside of the 20 dielectric cylinder 4 up to the position
correspondpBlakzhhton antdehghihoiindge Phattesr eatioatineg tebEntdnd prasiemtt he
antenna shown
invention. Also inFig. 15, parts equivalent to those in the other
drawings are referenced correspondingly.
In this embodiment shown in Fig. 15, a radio wave absorber
10 14 is charged, as means for correcting distortion of the radiation
pattern, in the inside of the dielectric cylinder 4 in the antenna
shown in Fig. 1.
Inside the four planar radiating elements 3, the radio
wave absorber 14 relieves interference between the feeder line
15 6 and the planar radiating elements 3. As a result, the radiation
patterns of a horizontal polarization component and a wvertical
polarization component become substantially uniform.
Figs. 16A and 16B are radiation characteristic diagrams
in which the radio wave absorber is charged in the inside of the
20 dielectric cylinder 4 up to the position corresponding to the
height of the planar radiating elements 3 in the antenna shown
inFig. 13, Fig. 16A showing the result of measurement of a vertical
polarization component, Fig. 16B showing the result of

measurement of a horizontal polarization component.

25 If the characteristics of Figs. 16A and 16B are compared



in Fig.. 13, Fig. 16Ashowi ng the result of neasurenent of a vertical

pol ari zati on conponent, Fig. 16B show ng the result of measur enment of
a horizontal polarization conponent. 25 If the characteristics
of Figs. 16A and 16B are conpared with those of Figs.
14A and 14B, it is clear that the enbodi nent shown in Figs. 16A and
16B i nwhi cha radi o wave absorber is charged, is superior in effect to
t he enbodi nent shown in Figs. 14A and 14B in which no radi o wave
absorber is charged. 5 | NDUSTRI AL yTILIZATICN As has
been descri bed above, according to the present invention, it is
possible to provide a wide angle circular pol ari zation antenna in

whi ch sensitivity of a horizontal 10 polarization conmponent in circle

pol ari zati Qp & tg Qw_ el %n 9%A and fg%l, ei\‘.CaJ{EaP:ﬁiegx t@hg'ﬁdtlixgqgﬁuﬁ&?iment

sensitivity o n| ca can In practi cal use even

: T kt he ver téh%%)n PIQIEQ ysZatd00nd 168 FRMRIREY L1 BRAAFPEHSBYLLEERSecn R gL iE

is superior in effect to the embodiment shown in Figs. 14A and

14B in which no radio wave absorber is charged.

INDUSTRIAL UTILIZATION
As has been described above, according to the present
invention, it is possible to provide a wide angle circular
polarization antenna in which sensitivity of a horizontal
10 polarization component in circle polarization at a low elevation
angle can be obtained, and the sensitivity of communication can
be maintained in practical use even if the vertical polarization

component is absorbed by trees, or the like.



