- 1 - DESCRIPTION SI1P0059 Title of Invention: ANTENNA APPARATUS AND
COVMUNI CATI ON APPARATUS Techni cal Field [0001] The present invention
relafes to an ideal antenna apparatus applied for use in a comunication
‘apparatus that uses a comparatively high frequency for wireless

conmmuni cation, such as a communi cati on apparatus for a wireless LAN
system for exanple, and also to a communi cati on apparatus provided with
such an antenna apparatus. Background Art [0002] In recent years,
various types of wireless transm ssion systens that use conparatively high
frequenci es such as fromseveral hundred Miz to several GHz for wrel ess
transm ssion have proliferated. For exanple, technol ogi es thatouse the 2
GHz band, the 5 GHz band, etc. have been devel oped as wirel ess LAN

systens. Technol ogi es of various®RiEFees0R € bei ng devel oped and
i npl enented as antenna apparatus provided in wreless comrunication

apparatus that use such bands.
Title of Invention: ANTENNA APPARATUS AND COMMUNICATION

APPARATUS

Technical Field
[0001]

The present invention relates to an ideal antenna
apparatus applied for use in a communication apparatus that
uses a comparatively high frequency for wireless
communicatior, such as a communication apparatus for a
wireless LAN system, for example, and also to a
communication apparatus provided with such an antenna
apparatus.

Background Art
[0002]

In recent years, various types of wireless transmission
systems that use comparatively high frequencies such as from
several hundred MHz to several GHz for wireless transmission
have proliferated. For example, technologies that use the 2
GHz band, the 5 GHz band, etc. have been developed as
wireless LAN systems. Technologies of various methods are
being developed and implemented as antenna apparatus
provided in wireless communication apparatus that use such

bands.



- 2 - SI1P0059 In PTL 1, there is a description of an exenplary
antenna for this type of comruni cation apparatus. The technol ogy descri bed
in PTL 1 is disposed with a plurality of antenna elenents and is
configured to have what is called diversity. Ctation List Patent

Literature [0003] PTL 1: Japanese Unexam ned Patent Application
Publ ication (Translation of PCT Application) No. 2009-514292 Sunmary of
| nventi on Techni cal Probl em [ 0004] Meanwhi | e, technol ogi es that use a

conparatively wide band as the band used for wireless transmssion in a
Wi rel ess transm ssion system are increasing, and w de band technol ogi es
are desired as antennas for use with conparatively high freguengys bands
such as fromseveral MHz to several GHz. [0005] Al so, even for

ant ennas haViIlﬁng%ng S{Adre AN %”.'&%%&%éwgn %?iaﬂp'e‘?{eﬁl?ﬁa%g”})a“
configuration w t etter diversity characteristics are sired. [0006]
- The presgited el @Ritakese ast ABbrAUBTatE 8nPAONAEE AN  The

techneology described in PTL 1 is disposed with a plurality

of antenna elements and is configured to have what is called

diversity.

Citaticn List

Patent Literature

[0003]

PTL 1: Japanese Unexamined Patent Application
Publication {(Translation of PCT Application) No. 2009-514292
Summary of Invention
Technical Problem
[0004] |

Meanwhile, technologies that use a comparatively wide
band .as the band used for wireless transmission in a
wireless transmission system are increasing, and wide band
technologies are desired as antennas for use with
comparatively high frequency kands such as from several MHz
to several GH=z.

[0005]

Also, .even for antennas having diversity, antennas
having a simple and compact configuration with better
diversity characteristics are desired.

[0006]

The present invention takes as an object to provide an



Sl 1P0O059 ant enna apparatus havi ng wi de band characteristics. Al so,
the present invention takes as an object to provide an antenna appar at us
havi hg favorable diversity characteristics. Solution to Problem[0007]
The present invention is an antenna apparatus that includes a first
antenna el enent, a second antenna el enent, and a branch circuit to which
the first antenna el enent and the second antenna el enent are coupl ed via
respectively separate transm ssion |ines. Additionally, a delay
process is conducted on one of the transm ssion |lines by nodifying the

| engths of the transm ssion line coupling the first antenna elenment to the
branch circuit and the transm ssion |line coupling the secogdiafisnna

el enent to the branch circuit. [0008] By conducting this delay

adj ust e %%rger%esaip%%gatggpﬁ ‘gdr?geavgi . [ n%h%igagéﬁéples{jjgss.t and second

antenna e are -adj us _ er ban aracteristics than the
antenna char agheri shi Cerdedthe fdngti cANda g 0N ANipARaekgment s

i ndi vidually are configured. Advantageous Effects of "I nventi on [0009]
Accor di ngréwi ddherpaasenhail Ayedtd Qs huviant €aferabld ¢iveIrER@959
characteristics.
Solution to Problem
[0007]

The present invention is an antenna apparatus that
includes a first antenna element, a second antenna element,
and a branch circuit to which the first antenna element and
the second antenna element are coupled via respectively
separate transmission lines.

Additionally, a delay process is conducted on one of
the transmission lines by modifying the lengths of the
transmission line coupling the first antenna element to the
branch circuit and the transmission line coupling the second
antenna element to the branch circuit.

[0008]

By conducting this delay adjustment, the input
impedance and/or phase of the first and second antenna
elements are adjusted, and wider band characteristics than
the antenna characteristics of the first and second antenna
elements individually are configured.

Advantageous Effects of Invention
[0009]

According to the present invention, an antenna



apparatus provided with two antenna elenents is given w der band
characteristics than the antenna characteristics of a single antenna

el enent individually, and a favorabl e antenna apparatus havi ng wi de band
characteristics with a conparatively sinple configuration is obtained.

Al so, the wireless comunication characteristics of a comunication
apparatus provided with such an antenna apparatus can be nmade favorable.

Brief Description of Drawi ngs [0010] [Fig. 1] Fig. 1is a
configuration illustrating an exenplary antenna apparatus of a first
enbodi nent of the present invention 4 - [Fig. 2] Fig. 2 is an
explanatory diagramillustrating an exenpl ary di sposition ¢f1@m=mntenna
apparatus of a first enbodinent of the present invention. [Fig. 3]

Fig. 3igs g;gp»l I t
di sposi tl%ﬁﬁ n%gg’%g%%%dg%%%ﬁdusg gf%%%gf %?gliﬂ n%mé r@nt o%& %e pr esent
i nventi ofand chadait@ridliELGendh 1ha ehahhal Ehasidaddng sexenpl ary
frequency characteristics of an antenna apparatus of a first enbodi nent of
t he preseniglidenienns. element FrgHihldudElgy, bahd & £orfdaplieatin@Bnna
illustrating a specific exenplary disposition of the antenna apparatus in
the exampraiatus aving wide -bBid ROEEGcterist{Es gri] &ig. 6 is an
expl anatory diagramillustratin tg a disposed state of the antenna apparatus
in the e‘%%?ﬁﬂrélﬁlﬁeﬂ:ﬁfgﬂ]sple con J[QIII@UY’P FPgObWaJr%eda pel&pecthive view
illustratjng another sgem fic C} gosktl on of the antenna

cte

appar at us™ i e “EXEHD &2 F O B CEPigtL oY perspectl ve
view illystrating p?Bv?@Jeé‘rxﬂle@f?rguﬁf a%h%nrtghﬁg %p%&so‘ccaﬁ' g 7- [Fig

made favorable.
Brief Description of Drawings
[0010]

[Fig. 1] Fig. 1 is a configuratiocon illustrating an
exemplary antenna apparatus of a first embodiment of the
present invention.

[Fig. 2] Fig. 2 is an explanatory diagram illustrating
an exemplary disposition of an antenna apparatus of a first
embodiment of the present invention.

[Fig. 3] Fig. 3 is an explanatory diagram illustrating
another exemplary dispositicn of an antenna apparatus of a
first embodiment of the present invention.

[Fig. 4] Fig. 4 is a chart illustrating exemplary
frequency characteristics of an antenna apparatus of a first
embodiment of the present invention.

[Fig. 5] Fig. 5 is a configuraticn illustrating a
specific exemplary disposition of the antenna apparatus in

the example in Fig. 3.



9]

Fig. 9is a chart of the exanmple in Fig. 7. [Fig. 10]

Fig.

S11r005%

[Fig. 6] Fig. 6 is an explanatory diagram illustrating
a disposed state of the antenna apparatus in the example in
Fig. 5.

[Fig. 7] Fig. 7 is a perspective view illustrating
another specific exemplary disposition of the antenna
apparatus in the example in Fig. 3.

[Fig. 8] Fig. 8 is a perspective view illustrating an
enlargement of the relevant part of Fig. 7.

[Fig. 8] Fig. 9 is a chart of the example in Fig. 7.

[Fig. 10] Fig. 10 is a chart of the example in Fig. 7.

[Fig. 11} Fig. 11 is a chart of the example in Fig. 7.

[Fig. 12] Fié. 12 is a configuration illustrating an
exemplary antenna apparatus of a second embodiment of the
present invention.

[Fig. 13] Fig. 13 is a configuration illustrating an
exemplary hybrid circuit of a second embodiment of the
present invention.

[Fig. 14] Fig. 14 is a chart illustrating exemplary
frequency characteristics of an antenna apparatus of a
second embodiment of the present invention.

[Fig. 15] Fig. 15 is a chart illustrating exemplary
directicnality characteristics of an antenna apparatus of a
second embodiment of the present invention.

[Fig. 16] Fig. 16& is a chart illustrating exemplary

directionality characteristics of an antenna apparatus of a

10



Is a chart of the exanple in Fig. 7. [Fig. 11] Fig. 11 is a chart of the
exanple in Fig. 7. [Fig. 12] Fig. 12 is

S11PO059

second embodiment of the present inventicn.

[Fig. 17] Fig. 17 is a configuration illustrating an
exemplary antenna apparatus of a third embediment of the
present invention.

[Fig. 18] Fig. 18 is a configuration illustrating an
exemplary hybrid circuit of a third embodiment of the
present invention.

[Fig, 12] Fig. 19 is a chart illustrating exemplary
frequency characteristics of an antenna apparatus of a third
embodiment of the present invention.

Description of Embodiments
[0011] |

Embodiments of the present invention will be explained

in the following order.
1. First embodiment
. 1.1 Configuration of antenna apparatus (Fig. 1)

1.2 Exemplary disposition of antenna elements (Ex. 1: Fig.
1.3 Exemplary disposition of antenna elements (Ex. 2: Fig.

1.4 Exemplary characteristics (¥Fig. 4)

1.5 Exemplary disposition of Ex. 2 antenna (Figs. 5, 6)

1.6 Exemplary dispositicn of Ex. 2 antenna (Figs. 7, 8)

1.7 Exemplary cheracteristics of Fig. 7 configuration (Figs.

9, 10, 11)



a configuration illustrating an exenpl ary antenna apparatus of a second

enbodi nent of the present invention. [Fig. 13] Fig. 13 is a
configuration illustrating an exenplary hybrid circuit of a second
enbodi ment of the present invention. [Fig. 14] Fig. 14 is a chart
illustrating exenplary frequency characteristics of an antenna apparatus
of a second enbodi nent of the present invention. [Fig. 15] Fig. 15 is
a chart illustrating exenplary directionality characteristics of an
antenna apparatus of a second enbodi nent of the present invention.

[Fig. 16] Fig. 16 is a chart illustrating exenplary directionality
characteristics of an antenna apparatus of a - 6 - 311P005&1 seoond
enbodi nent of the present invention. [Fig. 17] Fig. 17 is a
configurati an exenpl ary antenna apparatus of a third
enbodlnéﬁt %ﬁb e%%%ég%%ganvention [Fig. 18] Fig. 18 is a
ConflgurﬁliQﬂxﬁhbﬁ%h&@&hngfa&h@%ﬁﬁp%%@ﬁrﬁiéﬁl@Ff £qu$ gfzya third

enbodi ment of thé present invention. 9] Fig. 19 is a chart

i Il ustratingexenrpkar yhéf@@wﬂca/tlmar(a&tgerl $u; cs5,of1an ant enna appar at us
of a third enbodi nent of the present invention.

3. Third embcdiment

3.1 Configuration of antenna apparatus (Figs. 17, 18)

3.2 Exemplary characteristics (Fig. 19)

4. Modifications

[0012]

[1. First embodiment]

Hereinafter, an exemplary first embodiment of the
present invention will be explained with reference to Figs.
1 to 4.

[0013]

[1.1 Configuration of antenna apparatus]

Fig. 1 is a diagram illustrating an exemplary
configuration of a communication apparatus provided with an
antenna apparatus of the present embodiment.

To summarize the configuration of the antenna apparatus
illustrated in Fig. 1, it includes a first antenna element
11, a second antenna element 12, and a divider circuit 13 to
which the first antenna element 11 and the second antenna
element 12 are coupled by respectively separate transmission
lines 15 and l6. Additionally, it is configured such that a
delay process is conducted on one of the transmission lines

by modifying the lengths of the transmission line 15



Description of Enbodi nents [0011] Enbodi ments of the present

i nvention will be in the followng order. 1. First enbodi nent expl ai ned
1.1 Configuration of antenna apparatus (Fig. 1) 1.2 Exenpl ary

di sposition of antenna elenents (Ex. 1: Fig. 2)

511P0059

coupling the first antenna element 11 to the divider circuit
13 and the transmission line 16 éoupling the second antenna
element 12 to the divider circuit 13. By conducting such a
delay process, the input impedance and/or phase of the first
and second antenna elements 11 and 12 are adjusted, and
wider band characteristics than the antenna characteristics
of the first and second antenna elements 11 and 12
individually are cecnfigured.

[0014]

Next, a specific configuration ¢f the antenna apparatus
illustrated in Fig. 1 will be explained.

A communication apparatus 10 is a wireless
communication apparatus that conducts wireless communication
in a frequency band from several hundred MHz to several GHz,
for example, and the first antenna element 11 and the second
antenna element 12 are provided as an antenna apparatus
attached to the communication apparatus 10.

In the case of the present embodiment, the respective
.antenna elements 11 and 12 are configured as what is called
an inverted F monopcle antenna, with the respective antenna
elements 11 and 12 taken to be elements of equal length.

The details of exemplary dispositions of the two antenna
elements 11 and 12 are discussed later, but herein the two
rod-shaped antenna elements 11 and 12 are spaced a given

interval apart and are dispcsed so as to line up in a nearly



1.3 Exenpl ary disposition of antenna elenments (Ex. 2: Fig. 3) 1.4
Exenpl ary characteristics(Fig. 4) 1.5

S11p0059

straight line. In the example in Fig. 1 herein, the two
antenna elements 11 and 12 are disposed in a straight line,
but the two antenna elements 11 and 12 may also be disposed
at an angle to scome degree.

[0015]

In the first\antenna element 11, a feed point lla ¢f
the first antenna element 11 is coupled to the divider
circuit (branch circuit) 13 wvia the transmission line 15,
while in the second antenna element 12, a feed point 12a of
the antenna element 12 is coupled to the divider circuit 13
via the transmission line 16. The divider circuit 13
internally couples the two transmission lines 15 and 16,
combines obtained signals received by the two antenna
elements 11 and 12, and supplies them to a feed port 14.
Also, a signal cobtained from the feed port 14 when
transmitting is divided (split) between the two antenna
elements 11 and 12.

Berein, between the two transmission lines 15 and 16,
the length of one transmission line 16 is made longer than
the other transmission line 15, and is configured to
function as a delay line. For example, in the case of
configuring as an antenna for sending and receiving in the 2
GHz band, the length Ll of the transmission line 15 is taken
to be 100 mm, while the length L2 of the transmission line

16 that functions as a delay line is taken to be 160 mm.



Exenpl ary disposition of Ex. 2 antenna (Figs. 5, 6) 1.6 Exenplary
di sposition of Ex. 2 antenna (Figs. 7, 8) 1.7 Exenplary characteristics of
Fig. 7 configuration (Figs. 9, 10,11)

- 10 -
S11P0059

The values for these lengths L1 and L2 are an example.
{001s]

[1.2 Exemplary disposition ¢f antenna elements (Ex. 1)}

Fig. 2 illustrates an exemplary disposition ¢f the
antenna elements 11 and 12.

As illustrated in Fig. 2, antenna elements 11 and 12
respectively configured as inverted F monopole antennas are
disposed so as to line up in a straight line on the surface
of a GND plane 17 which is a ground potential part, being
separated from the surface by a slight distance.

Additionally, the feed point 1la of the first antenna
element 11 is coupled to the transmission line 15. The feed
point lla is made to couple with the GND plane 17 via a
bonding conductor 1llb.

Also, the feed peint 12a of the second antenna element
12 is coupled to the transmission line 16. The feed point
12a is made to ccuple with the GND plane 17 via a bonding
conductor 12b.

In the case of the example in Fig. 2, the feed point
lia of the first antenna element 11 and the feed point 12a
of the second antenna element 12 are put in close proximity.
[0017]

[1.3 Exemplary disposition of antenna elements (Ex. 2)]

Fig. 3 illustrates another exemplary disposition of

antenna elements 11' and 12°'.



- 7 - SI1P0059 2. Second enbodi ment 2.1 Configuration of antenna apparatus
(Figs. 12, 13) 2.2 Exenplary characteristics (Figs. 14, 15, 16) 3. Third
enbodi ment 3.1 Configuration of antenna apparatus (Figs. 17, 18) 3.2
Exenpl ary characteristics (Fig. 19) 4. Mdifications [0012] [1. First
enbodi nent ] Hereinafter, an exenplary first enbodi nent of the present
invention will be explained with reference to Figs. 1 to 4. [0013] [1.1
Configuration of antenna appar at us] Fig. 1 is a diagramillustrating
an exenplary configuration of a conmunication apparatus provided with an
antenna apparatus of the present enbpgdifent. To sumari ze the
configuration of the antenna apparatus illustrated in Fig.slipadsd ncl udes
a first antenna elenent 11, a second antenna el enent 12, and a divider

circuit 13 to which the first antenna ele t 11 d cond ant enna
el ement 12 a?@ E%ﬁpf%ﬁﬁtﬁﬁr€;§b§%FF§é?ylgeg§$éf% Fﬁghgkgggﬁgn lines 15 and

16. Addidignaldy i1t ahg £onfiguredSuch bhabodedel @y RaGEgHti S conduct ed
on one of the transmssion lines by nodifying the | engths of the
transm spirgn | hA@i4Honally, the dispositional relationship of the

two antenna elements 11' and 12' is the reverse of the

example in Fig. 2.

In other werds, as illustrated in Fig. 3, antenna
elements 11' and 12' respectively configured as inverted F
monopole antennas are disposed with the feed point 1la of
the first antenna element 11' and the feed point 12a of the
second antenna element 12' separated. Additionally, the tip
of the first antenna element 11' and the tip of the second
antenna element 12' are put in close proximity.

In the example in Fig. 3, the two antenna elements 11'
and 12' are disposed in a straight line, but the two antenna
elements 11' and 12' likewise may be disposed at an angle to
some degree.

In the case of configuring an antenna apparatus, either
the disposition illustrated in Fig. 2 or the disposition
illustrated in Fig. 3 may be applied. Also, although
antenna element dispositicns are not explained in the second
and third embodiments later discussed, the configuration in
Fig. 2 or Fig. 3 is applicable.

{0018]
[1.4 Exemplary characteristics]

Fig. 4 illustrates exemplary frequency characteristics



- 8 - SI1P0059 coupling the first antenna elenent 11 to the divider
circuit 13 and the transmission line 16 coupling the second antenna

el enent 12 to the divider circuit 13. By conducting such a delay process,
t he i nput inpedance and/or phase of the first and second antenna el enents
11 and 12 are adjusted, and wi der band characteristics than the antenna
characteristics of the first and second antenna elenents 11 and 12

i ndividually are configured. [0014] Next, a specific configuration
of the antenna apparatus illustrated in Fig. 1 wll be explained. A
conmmuni cation apparatus 10 is a wi reless comuni cati on apparatus t hat
conducts wireless communication in a frequency band from sevep@bsdundred
MHz to several GHz, for exanple, and the first antenna el enent 11 and the

second agt e, elLIeAhoA2, A5 PLOIARAS AL.ANLEANA AAAL U al tached Lo

t he communi cation apparatus 10. I'n the case of the present

-e”bOdlnﬁﬁﬁxlééﬂ%dﬁe%&gﬁtk&ﬁré@@ﬁ%gﬁ%ﬂﬂ @W%m&sfééqé@wkﬁihéﬁaeaggnkheured as
what is called an inverted F nonopol e antenna, with the respective antenna

el ement svddt iaded B iksakeprésebes ellemanitiraf 1egqeal | ength. The detail s of
exenpl ary dispositions of the two antenna el enents 11 and 12 are di scussed
| at er, but héreFagt hé, t We raddrsitqgpad sshcenhd Eldimated by aner@ewfe spaced
a given interval apart and are disposed so as to line up in nearly - 9
- Sl 1P0015]9'1%t9r’%1r@|*?t36|3| ﬁéeqﬂl?flcfihé:%@r%leélﬁﬁlizﬁgfoﬂ e gase Plﬁeaflwo ant enna

elements 11 and 12 are di sposed | i ne,. but .t two ant enna
ol oot A SEpaas 8| SR RE Ty odad bt S heBH B TE Eomd dBar oo [ 0015]

used individually. The characteristics 52 indicated by a
solid line expresses frequency characteristics for the case
of an antenna apparatus with the configuration of the
present embodiment illustrated in Fig. 1.

In Fig. 4, in the case where for example a frequency
range for which a return loss of -10 dB or more is cbtained
is taken t¢ be the useable range for the antenna apparatus,
the bandwidth in which sending and receiving is possible is
approximately 144 MHz in the case of the characteristics S1
for an antenna apparatus using a single antenna element
individually. In contrast, the bandwidth in which sending
and receiving is possible is approximately 483 MHz in the
case of the characteristics S2 for an antenna apparatus with
the configuration in Fig. 1.

Consequently, according te an antenna apparatus with a
configuration of the present embodiment, the antenna
characteristics canr be spread over an extremely wide band.
This band widening is due to lengthening one transmission

line 16 from between the transmission lines 15 and 16 and



In the first antenna elenent 11, a feed point ha of the first antenna
elenment 11 is coupled to the divider circuit (branch circuit) 13 via the
transm ssion line 15, while in the second antenna el enent 12, a feed point
12a of the antenna elenent 12 is coupled to the divider circuit 13 via the
transm ssion line 16. The divider circuit 13 internally couples the two
transm ssion lines 15 and 16, conbi nes obtai ned signals received by the
two antenna el enents 11 and 12, and supplies themto a feed port 14. Al so,
a signal obtained fromthe feed port 14 when transmtting is divided
(split) between the two antenna el engnts 11 and 12. Her ei n, between
the two transm ssion lines 15 and 16, the |length of one transpa@si on |ine
16 i s nmade Ionger t han the ot her transm ssion line 15, and is configured

to f“”Ct %g'l%y | Dese fé’% EXAp! g, é%tézh%%?%et ﬁg {}QQL%%“{' ng as an

antenna and reécei vl ginthe 2 of the

transm Séépdy |1'1@1% 1§hé51£1§15€rhrﬁg§éc¥h%c]e0@r”{5ha¥\@' J)@ {he r'e%'}?@ctﬂllvg of the

transnission line 16 that functions as a delay [ine is taken to be 160 nm
- 10 - SAROORO cikacvakues d0d ihese la@Rgbhsed)liamndHe? are an exanpl e.

[0016] [1.2 Exenplary disposition of antenna elements (Ex. 1)] Fig. 2
i I'l ust r et Eneawenpl aryratspositian Sgf cehebant st imementbanl and 12.
As illustrated in Fig. 2, antenna elenents 11 and 12 respectively

conf i gurietP sharaFérreatcaohbpdl & Wit énsasIde i ¥Prs&de§614s tAF | ine up
in a str ht line on.the_surface of a 7 whi.ch i,s a ground

Dot ont | Y e%seﬁa;leap%%tww% ehff\' BaPPate & = uRl ghveni 8 ance.

Addi ti 0’\%141541[% the t 95199% ! A"r L pat %@‘6‘%&9’?&% 't%%eakh%g- i's coupl ed

to the transm ssion |ne p0|nt ais m couple with the

G\D pl ang-ghkmiisd 18nb@ngL Nds Ct%‘d:”é:tﬂfo kD and by ASRidig keed point 12a of
the second antenna elenent 12 is coupled to the transm ssion |ine 16. The

f eed poiddpriidmaseM@deot oplEu| @l fMdrenthal GND-P| Bdepekt \tioatAebandi ng
conductor 12b. In the case of the exanple in Fig. 2, the feed point
ha of tH#i 7 iftsguantennaard enelddnilly ard bhedéseghgbibt cbpdioktibe second
antenna elenment 12 are put in close rOXInltY [0017] [1.3 Exenplary

di sposi teforpignadnt shna Erahemasq Biffgypatial. Fig. 3 illustrates another
exenplary(%kﬁp05|t|on of antenna el enents 11' and 12'.

[1.5 Exemplary disposition of Ex. 2 antenna]

Next, a more specific eﬁemplary configuration of the
antenna apparatus in the example in Fig. 3 will be explained
with reference teo Figs. 5 and 6.

To summarize the configuration of the antenna apparatus
illustrated in Figs. 5 and 6, a first antenna element 11 and
a second antenna element 12 are installed separated by a
distance D1. The distance D1 is the distance linking the
sites where the absolute value is maximized in the current
distribution over the respective antenna elements. The
first antenna element 11 and the second antenna element 12
are coupled to a divider circuit 13 via respectively

separate transmission lines 15 and 16. The distance



Sl 1P0059 In the case of the exanple in Fig. 3, two antenna el enents
11' and 12' are likew se disposed in a straight line. Additionally, the

di spositional relationship of the two antenna elenents 11' and 12' is the
reverse of the exanple in Fig. 2. In other words, as illustrated in
Fig. 3, antenna elenments 11' and 12' respectively configured as inverted F
nonopol e antennas are disposed with the feed point 1la of the first
antenna el enment 11' and the feed point 12a of the second antenna el enent
12' separated. Additionally, the tip of the first antenna el enent 11' and
the tip of the second antenna el enent4 12' are put in close proximty.

In the exanple in Fig. 3, the two antenna el enents 11' andsiPogEe

di sposed in a straight line, but the two antenna el enents 11' and 12

|1 kewi seu iy Dedbspasedeal afk aNdhe:dids0P1 AR08 ang 16 Bathe case of
configuring an antenna apparatus, either the disposition illustrated in
Fig. 2 ofaidie & $ROSI biOfahdd ustrahedi i NoddO.y,3 ifBY sbecapphietds Al so,

al t hough antenna el enment di spositions are not explained in the second and
third erdaodi rapatks that psrahsioarss edyl -Dize =moRf izgidr atkop=hMifiage 2 or Fig. 3
is applicable. [0018] [1.4 Exenplary characteristics] Fig. 4 illustrates
exenpl arsetfisddednohenhar bt erkest ites be- an2intgyqPoBBGloftcantenna el enent s
of the present enbodi ment, wherein the horizontal axis represents the 2
GHz fredliEidPrbaRdrafderhe VieT thadan &R0 Ber epr ity eatefar AT oss.

In Fig. 4, the ggaragteristics Si indicated by a broken |ine expresses
frequencyF SAF&Fatl8Pi Stics for the case of an antenna apparatus wherein the
first angﬁﬁﬂﬁ el enent 11 is used individually. The characteristics S2

i ndi cated by "a solid |line expresses frequency characteristics for the case
of an antenng sppay At ot Be 180R6Y Ok At ifedt Re LRI eSEtefrOdi Ment
illustrated in Fig. 1. In Fig. 4, in the case where for exanple a
frequenay mrarge Boanahé ch Ther ebuEhghossiai +1lisdBagednbrierig. dbtained is
taken to be the useable range for the antenna apparatus, the bandwidth in
whi ch seidithg snder @seilvé mptiarposeirbireths hbbrokdatsdeliy F44-Miz in the
case of the characteristics Si_ for an antenna apparatus using a single

ant enna '@ éfdnt S ndi $Fafrl 1Y . 14 stgRtrdstheThed "gehPinidhfeh sendi ng
and receiving is possjble is approximately 483 Miz in the case of the

Char act A RPEes SSELREF D TR Al bt LRI & I BREFGtRat  on i1 Fi g.
L L enRequentl Y mateandiad Lonan; ANLANNA AaRALaLUS Ll A

confi guration of "t he present engodlnent, the antenna characteristics can
be spread tQven caphexs renel ab 4188 DaRd ue Thi Smdainieh Mdani Reei s due to

| engt heni ng one transm ssion line 16 from between the transm ssion |ines
15 and Xmraedt distribution over the element of the first antenna

element 11', and a site 1l2c where the absolute wvalue is
_ maximized in the current distribution over the element of
the second antenna element 12°'.

Also, L2-L1=D2 is taken to hold, where L1 is taken to
be the length of the transmission line 15 coupling the first
antenna element 11' to the divider circuit 13, and L2 is
taken to be the length of the transmission line 16 coupling
the second antenna element 12' to the divider circuit 13.

In other words, the length differential between the

transmission line 15 and the transmission line 16 is taken



- 13 - SI 1P0059 configuring it as a delay line. In other words, by having
a delay line, the input inpedance or phase of the respective antenna

el enents 11 and 12 are adjusted, and the conprehensive characteristics S2
can be wi dened nore than the characteristics S1 of just a single antenna
el ement. As discussed earlier for exanple, a length of 60 mmis given by
taking one transmssion line 15 to be 100 mm and the other transm ssion
line 16 to be 160 nm and by providing an approxi mtely 70 phase
differential with respect to the 2 GHz frequency, band w deni ng can be
desi gned by conbinati on of signals wigh that phase differential. [0019]
[1.5 Exenplary disposition of Ex. 2 antenna] Next, a &orEEecific
exenpl ary configuration of the antenna apparatus in the exanple in Fig. 3
will be tex%leaiDQed 'itshﬁ{.ef erence,to Fi gs. =Y %r%dtg. the To sur@T%ri ze the

configuré%ion of the a lg%ﬁgcapparé?d% iTYustrated n %f%%fhéaand 6, a

first ar&e%@,a1%,@n@&hpﬂﬂsgﬁ%ﬁe&gf%@qngmggp&ell-%{@%nt 12 are installed

separated by a distance stance D1 is the distance |inking the
sites where rheg. absoingis valuetksataBXtne zeth dahdeReptushe@nd2 di stribution
over the respective antenna elenments. The first antenna el enent 11 and the
second aktiémed é¢hetieit Wy ar Ewooaptenhd e lemdintisdél endcld tards8 via
respectively separate transm ssion lines 15 and 16. The distance - 14 -

Sl 1P0059 ngithiépens fdr Headvenn & I straasnPLsiwhi 19 fes aggishaniethies taken to

be a distance D2, Addjtiaonally, it is configured such that the paraneters
| D1- D215HP2EHSR4UODI %Bﬁr&%‘?&x’a?r S1LERT SPY e WHEPRS £2r aklh B¢ -be an

i nteger equal to_gr at.er .than 0_and n_is, taken be .an.,i nt eger equal
to of greatteotnaht o Touagtey oo Al sate BT rd ARl bwrte explai ned

Wi th refier eRgeshe FL8S, wi @4 enflCt0REh U ALl QR4 hbustrated in Fig. S
is the sanme as the antenna apparatus i1llustrated in Fig. 3. In Fig. 5 a

state is illuséreded giereca destBacentdnds gpharhetween astidisdg ant enna
el ement 11' and a second antenna elenment 12'. This distance D1 is the

di st ancenbétigeeh ikl treowl ke wheleihhd. ab8einutDé waluB2isrersdaminzeld in the
current distribution over the elenent of the first antenna el enent 11'
and a silfetR2E VREr el He aysdlerrblearaecrmPmiivrlred fart B @wdrent

di stribution over the el enent of the second antenna el epent 12'.
D2 and manufacture an antenna apparatus so as to yield the

following formulas.

[D1-D2{=m-Ap

D1+D2=n-2g

Herein, m is an integer equal to or greater than 0, and n is
an integer equal to or greater than 1. Aip; is the wavelength
of the center frequency at which transmitting or receiving
is conducted in the antenna apparatus.

[(0021)

As a preferable example, a configuration taking m=0nn=1
is conceivable, for example. By configuring in this way,
coupling from the first antenna element 11 to the second
antenna element 12 and coupling from the second antenna

element 12 to the first antenna element 11 both beccme in-



Al so, L2-L1=D2 is taken to hold, where Li is taken to be the length of the
transm ssion line 15 coupling the first antenna elenent 11' to the divider
circuit 13, and L2 is taken to be the length of the transm ssion |ine 16
coupling the second antenna elenment 12' to the divider circuit 13. In
other words, the length differential between the transm ssion line 15 and
the transmssion line 16 is taken - 15 - Sl 1P0059 to be D2. This distance
D2 is equivalent to the length of a delay |ine conprised by the

transm ssion |ines. Fig. 6 sinply illustrates the distances D1 and D2
defined in this way. Two antenna elepgnts 11 and 12 are installed
separated by a distance D1, while in addition, the transm gsigfgid ne

| engt hs di ffer by a distance D2. In Fig. 6, these are illustrated as
antenna gl erent nd 12, but .is th wi. th antenna ments 11°'
and 1o EnESE Rek pAN Sladn %ﬁ%ﬂéﬁ Sahhstheh B2 TP Bt Eled i
Fig. 6 I SO e ex I fgggh d D2 his way, it
is pref2$%6fe tggéo%pgtgiesgues or D1 and Dﬁﬂgﬁdggﬂhﬂgééiﬁfg an ant enna

appar at Usnshas v uheehfdt 8e1dafdanivie fresathaserf Rrddl=m A1 §o Pl +D2=n. i 0
Herein, mis an integer equal to or greater than O, and n is an integer
equal todaraygridateerl obhaprdducdd itsy tite wWavéeengtd 0f tHwe leentcdr ofr equency
at which transmitting or receiving is conducted in the antenna appar at us.
[0021] the txprgmisefenablecexegmpines sredaficgurati on taking msOnn=1 is
concei vabl e, for exanple. By configuring in this way, coupling fromthe
first ant %ﬁﬁ@ el enment 11 to the second antenna el enent 12 and coupling

fromthe secqnd, antenna, ol et 12:4005N8, 1SS, ALEAN] §hefspt 11 both
explained. Dl and D2 may also be set as indicated by the
following formulas.
Dl1=(1/4+m"} Ay
p2={1/44n")Ag
Herein, m' is an integer equal to or greater than 1, and n'
is an integer equal to or greater than 0. Ay is the
wavelength of the center frequency at which transmitting or
receiving is conducted in the antenna apparatus.
In the case of this example, m'=n'=0 is most desirable.
In the case of setting D1 and D2 as in this example,
coupling from the first antenna element 11 to the second
antenna element 12 becomes in-phase, while ccoupling from the
second antenna element 12 to the first antenna element 11
becomes anti-phase. Consequently, radiant directicnality
heading from the first antenna element 11 to the second
antenna element 12 becomes sitronger.

[0023]

Yet another example of Dl and D2 in Figs. 5 and 6 will



S| 1P0O059 phase. For this reason, the individual antennas are coupled to
operate as a single |large antenna, thus enlarging the antenna vol une and
enlarging the radiant efficiency. Al so, delay line | oss produced by the
difference in the length of the transm ssion |lines becones smaller. [0022]
Anot her exanple of DL and D2 in Figs. 5 and 6 will be explained. D1 and D2
may al so be set as indicated by the follow ng formulas. D1=(1/4+m )%
D2=(1/4+nl1) X0 Herein, m is an integer equal to or greater than 1, and n'
is an integer equal to or greater than 0. 20 is the wavel ength of the
center frequency at which transmttifyg -or receiving is conducted in the
antenna apparatus. In the case of this exanple, m=n'"=0 isg{Dsdotesirabl e.
In the case of setting D1 and D2 as in this exanple, coupling fromthe

first argee\rbnr;%ﬁi ment ;1 %nod td}eﬁ%;,cgﬂgo éﬁ?&? &l %%Etca%giggfgﬁﬁe first

i n- phase, € coupl i ng Trom“the’second antenna €&l ement

antenna gl emknhglkkRGOAES anti-phase. Consequently, radiant
directionality heading fromthe first antenna elenent 11 to the second

ant enna ml-erntimt23pecones stronger. [0023] Yet anot her exanple of D1 and
D2 in Figs. 5 and 6 will - 17 - Sl 1P0059 be explained. DI and D2 may al so
be set ¥+ (ididcat'edsby the foll ow ng fornulas.

Herein, m' is an integer equal to or greater than 1, and n'
is an integer equal to or greater than 0. iy is the
wavelength of the center frequency at which transmitting or
receiving is conducted in the antenna apparatus.

In the case of this example, m'=n'=0 is most desirable.

In the case of setting D1 and D2 as in this example,
coupling from the first antenna element 11 to the second
antenna element 12 becomes anti-phase, while coupling from
the second antenna element 12 to the first antenna element
11 becomes anti-phase. Consequently, radiant directionality
heading from the first antenna element 11 to the second
antenna element 12 becomes stronger.

[0024]

As these respective examples demonstrate, it becomes
possible to adjust to a desired directicnality and radiant
efficiency by arbitrarily controlling a distance D1 between
two antenna elements and a distance D2 of a delay line.
[0025]

il.6 Exemplary Qisposition of Ex. 2 antenna]

Figs. 7 and 8 are an example of the antenna apparatus

-illustrated in Fig. 3 installed on an edge face of a GND



D1--(3/4+Wko D2--(1/4+n')X0 Herein, m is an integer equal to or greater
than 1, and n' is an integer equal to or greater than 0. X0 is the

wavel ength of the center frequency at which transmtting or receiving is
conducted in the antenna apparatus. In the case of this exanple, m =nl=0

i s nost desirable. In the case of setting DL and D2 as in this
exanpl e, coupling fromthe first antenna elenent 11 to the second antenna
el enent 12 becones anti-phase, while coupling fromthe second antenna
element 12 to the first antenna el ement 11 becones anti-phase.
Consequently, radiant directionality;deading fromthe first antenna

el enment 11 to the second antenna el enent 12 becones strongefipddr4]

As these respective exanpl es denonstrate, it becomes possible to adjust to
a desired directiopality_ and radiant efficiency, by _arbitrarily controlling
a distaﬁggﬂfﬁﬁgétﬁgéﬁht%% % %ﬁﬁ%ﬁ SRR %ha%a %Tdﬁg én%el%ﬂaof a del ay
line. [ Qﬁ%@ra&liﬁlﬁé%ﬁfﬂ? éﬂ %ﬂ%ﬂ;‘eﬂ@n@f _OEXthg %e@fﬁ@la]element F! gs. 7 and
8 are an exanple of the antenna apparatus illustrated in Fig. 3 installed
on an edge-tfiageodf FagGND. - 18 - SI 1P0059 plane 17, which is a ground
potential part. Fig. 8 is a diagramillustrating an enlargenent of the

ant enna el en@ot spondriioe dheFicgnfiguratioT o rarnzennheappafdatgur at i on of
the antenna apparatus illustrated in Figs. 7 and 8, a first antenna

el ement Hiusgratgdseeontbant et SrefeAtrip annimstlgmeas d4' an edge 17a

of a G\D p|lane 17 which is a ground %Qtential art, bein segarated by a
gi ven CH%HQaﬁcé?F?ﬁ@ FrERF STTEAhilén £RE 1% 4 &maffeffd®el enents 11"

and 12 te aral | el nd .t he .edge l17a are .made parallel.
R by i 82 BaBSbAEL ATUASIRE 80P B B BAS AREALL S -

el enent ;511 %@Qa}§£eér%£k%gfhﬁgg%i%zénhé.t%%%ndHQeQEiQﬁr§$|$ﬂiéﬁ’the

direction in which the ane 17 extends as a plane. Regarding the
i nst al | ethestrakpebtitdeadtdrnla antarnasehemeatq 112 andesgcend ant enna

el ement 12' and the configuration of transm ssion |lines coupled to the
respect iparadneénaadetieeresdge e acenmadar pdrahl €xpl aiznedewndéte Fi gs. 5 and
6, etc. is applied, for exanple. [0026]
The height direction separating the respective antenna
elements 11' and 12" from the edge 17z is taken to be
parallel to the direction in which the GND plane 17 extends
as a plane. Regarding the installed state of the first
antenna element 11' and second antenna element 12' and the
configuration of transmission lines coupled to the
respective antenna elements, the configuration explained
with Figs. 5 and 6, etc. is applied, for example.
[0026]
A specific exemplary configuration will bhe explained
with reference to Figs. 7 and 8. In this example,
dimensions of respective parts are illustrated as one
example in the case where the center frequency of the

frequency at which transmitting and receiving is conducted

in an antenna apparatus is 2Z GHz.



A specific exenplary configuration wll be explained with reference to
Figs. 7 and 8. In this exanple, dinmensions of respective parts are
illustrated as one exanple in the case where the center frequency of the
frequency at which transmtting and receiving is conducted in an antenna
apparatus is 2 GHz. - 19 - SI1P0059 As illustrated in Fig. 7, a G\D
pl ane 17 which is a ground potential part is taken to have a vertical

| ength V1 of approximately 190 nm and a horizontal |ength Hl of
approximately 300 mm The size of this G\D plane 17 assunes the size of a
board nounted in a notebook conputeri@pparatus, for exanple. [0027]
Additionally, as illustrated in Fig. 7, a first antenna el emepdpsl’ and an
second antenna el enent 12' are installed on a edge 17a of a G\D pl ane 17

which i a 0paund BOLENLIA: PALL,  bel N9GRERBIAILT DYl yen,di stance and

in a facing Stafe Wi eiT tips iNn close proximty on the edge 17a of
the G\D plang boreh€a8l poFL1 00 dMhichhbhe fespactidae 1anlenng; el enents
11' and 12' extend in parallel and the edge 17a are nmade parallel. The

| engt h Leér ofpgriitxim@spect ive mintaina eleeiedhsalllemyth 32 ofFi 9. 8) is taken
to be approximately 38 mm The length Lb by which bondi ng conductors lib
and 12b apgmndriatedyf 888 poi nffhehaiandofi2ehiparGl ellanhe fheassigessl7a are
taken to be approxi mately 8.5 mm [0028] The hei ght direction

separ at i Htf thHee efpécbrpedanrenbed elenemateprokaggmpates r appd it Wdge 17a
is taken_to be E%rallel to the direction in which the G\ND plane 17 extends

as a pl 3 fei ght Ha separating the antenna el enents - 20 -
811P0059 &#{ and 12' fromthe edge 17a (Fig. 8) is taken to be
approxing%e J 5 mMm As illustrated by enlargenment in Fig. 8, a wre

material havipg:8; bl ckness Ta1o6cappeaxineéaly 0. b m-apdagc gl h Th of
approximately 2 mmis used for the material constituting the respective

ant enna &leaf®it 9111anangh Iecond anthkhelsRee: 1ive drenghiitBaled the
respective antenna elenments 11' and 12' including the bondi ng conductors
lib and di?ln EEigg. 18% b & akeh dlarze 1dpphorhnmbs e yWriddhdnpotéhicsaDa is a
| ength including the distance between the tips of the two antenna el enents
11' and pErt, beling separated by a given distance and in a facing
| state with their tips in close proximity on the edge 17a of
the GND plane 17. The directicn in which the respective
antenna elements 11' and 12' extend in parallel and the edge
172 are made parallel. The length La of the respective
antenna elements 11' and 12' (Fig. B) is taken to ke
approximately 38 mm. The length Lb by which bonding
conducteors 11b and 12b extend from feed points 1lla and 12a
parallel to the edge l7a are taken to be approximately 8.5
mm.
[0028}
The height direction separating the respective antenna
elements 11" and 12' from the edge 1l7a is taken to be

parallel to the direction in which the GND plane 17 extends

as a plane. This height Ha separating the antenna elements



Herein, a length, height, thickness, and wdth are illustrated for one of
the antenna elenents 11' and 12' in Fig. 8, but these values are taken to
be the sane for the two antenna elenments 11' and 12'. Regar di ng t he
configuration of the transm ssion lines and divider circuit coupled to the
respective antenna elenents 11' and 12', the configuration explained with
Figs. 5 and 6, etc. is applied, for exanple. [0029] [1.7 Exenplary

characteristics of Fig. 7 configuration] Next, exenplary radi ant
characteristics of an antenna apparatus with the configuration in Figs. 7
and 8 are illustrated in Figs. 9, 10zpand 11. Fig. 9 is characteristics
illustrated by a Smith chart. - 21 - SI1P0059 The charactgfisddss S| are

radi ant characteristics of an antenna apparatus installed with just a

first antenng,Lhomeqlodlins Whie 11 g agheflstlies, Gd JQre radiant

characteristics e case of a con uration provi With two ant enna
el ement saddro:aRdtddy 8Smhk!lustrated in Fig. 7. Fig. 10 is an
illustration of return | oss characteristics, and illustrates

characteri st pesiflomdatGeCGiEy a1 12rGefbitcent®ied sgbauwvizeGHz. The
characteristics 512 are return |oss characteristics of an antenna
appar at usatigwited] hedtingta flustkreds (I8t odneppnexBhareEint 0.1 mmwhihdeat he
characteristics Cl2 are return | oss characteristics for the case of a
conf i gurdtdtdn Thr 6¥i aRBr ok PR tsy ahifEnig sFefefes W maigrial as
illustrated i,n 11 is an i&lustration of E%Qiant

Fig. 7, Fig. '
of 11 0f ert S HAPEORg, FAp| £asPetid e [AREPRP o8 ORER totdri SPed 2 rom 1.3 Gz

to 2.8 Gz centeroth AOUL 2 GoocINBCOAT AR S LIGT 813, 0L, L adi ant

efficiency characteristics o nténna apparatus installed with just a

first andenpatel eienindliz Whideidike ¢har sehelistd Rifekd ar e1padi ant
efficiency characteristics for the case of a configuration provided with
two ant exmd Iekbenentys 41 ianthikdel tas blel byproatetrdiy Fio®. mh. This As the
radi ant efficiency characteristics in Fig. 11 denonstrate, radiant

ef fi ci ey ighar dehethsinchbudimeg lidtet € stance between the tips of

the two antenna elements 11' and 12'.

Herein, a length, height, thickness, and width are
illustrated for one of the antenna elements 11' and 12' in
Fig. B, but these values are taken to be the same for the
two antenna elements 11' and 12'.

Regarding the configuration of the transmission lines
and divider circuit coupled to the respective antenna
elements 11" and 12', the configuration explained with Figs.
5 and 6, etc. is applied, for example.

[0029]

[1.7 Exemplary characteristics of Fig. 7 confiquration]

Next, exemplary radiant characteristics of an antenna
apparatus with the configuration in Figs. 7 and 8 are
illustrated in Figs. 9, 10, and 11.

Fig. 9 is characteristics illustrated by a Smith chart.



- 22 - S11P0059

for an exenplary configuration of the present enbodi nent

provided with two antenna el enents 11' and 12' conpared to the case of
just a single antenna elenent. [0030] [2. Second enbodi nent]

Herei nafter, an exenplary second enbodi ment of the present invention wll
be explained with reference to Figs. 12 to 16. In Figs. 12 to 16,
identical reference signs are given to portions corresponding to the first
enbodi ment al ready expl ai ned. The second enbodi nent is an exanpl e of
coupling a hybrid circuit which is a 90 phase shifter instead of the
divider circuit 13 illustrated in Figy 1. [0031] [2.1 Configuration of

ant enna appar at us] Fig. 12 is a diagramillustrating anigxesl ary

configuration of

a comuni cati on apparatus provided with an antenna

ApPa at sl i1 38Rt STBOM JENT 4o TN SYIIRLL 28 e 50D guratfon of

t he ant enna appara atu

a secondy . gNNg
ant enna el ement

rovi enna elenent 11 and

=&aRt i‘egste-ﬁ'%cf PESI %'&Ts%nQafﬂ@Mtelﬁmaand the second

are coupled to a 90 hybrid circuit 23 by respectively

separ at ee1dmdisdn199i,0ahk L8eshd erh b rilstc ics configurediisueh that a del ay
process is conducted on one of the transmi ssion I|ines by nodi fying the -
23 - Sl 1RgD53-teristics for the case of a configuration provided

with two antenna elements 11' and 12' as illustrated in Fig.

7.

Fig.

10 is an illustration of return loss

characteristics, and illustrates characteristics from 1.3

GHz to 2.8 GHz centered about 2 GEz. The characteristics

512 are return loss characteristics of an antenna apparatus

installed

with just a first antenna element 11', while the

characteristics Cl2 are return loss characteristics for the

case of a

configuration provided with two antenna elements

11' and 12' as illustrated in Fig. 7.

Fig.

11 is an illustration of radiant efficiency

characteristics, and illustrates characteristics from 1.3

GHz to 2.8 GHz centered about 2 GHz. The characteristics

S13 are radiant efficiency characteristics of an antenna

apparatus

while the

installed with just a first antenna element 11°',

characteristics Cl3 are radiant efficiency

characteristics for the case of a configuration provided

with two antenna elements 11' and 12' as illustrated in Fig.

7.

As the radiant efficiency characteristics in Fig. 11

demonstrate, radiant efficiency characteristics are better



| engths of the transm ssion |line 15 coupling the first antenna el ement 11
to the 90 hybrid circuit 23 and the transm ssion line 16 coupling the
second antenna elenment 12 to the 90 hybrid circuit 23. The 90 hybrid
circuit 23 sets the input inpedance and/ or phase of two ports to which the
respective antenna elenents 11 and 12 are coupled to a given state. [0032]
Next, a specific configuration will be explained with reference to Fig.

12. A communi cation apparatus 20 is a wirel ess comruni cati on apparat us

t hat conducts w rel ess comunication in a frequency band from several
hundred MHz to several GHz, for exampie, and a first antenna el enent 11
and a second antenna el enent 12 are provided as an ant ennaggpp@i=sd us
attached to the comuni cation apparatus 20. Regardi ng exenpl ary

di sposi t} of .t resp LV enn | ement nd 1 herein the
configur%%?%ﬁ1§§ﬁﬁégﬁgg ?%ﬁtﬁﬁggﬂ%xgh%ngﬁgt%Fg?%#t?ﬁ%x¥ﬁﬁ?9%enbodinent i's
appl i ed @ssditted Q938] two anfid iONGdnts Wi theyfidst.apleanargl ement 11,
a feed point 1la of the first antenna elenent 11 is coupled to the 90
hybrid ciH€Wdse23fvijasa & ransdlies Srdennaneidhent n t he second antenna

el ement 12, a feed point 12a of the antenna elenent 12 is coupled to the
90 hybrid®@E0lcuit 23 via a - 24 - S1120059 transm ssion line 16. The

| engths of the transmission line 15 and the transmission line 16 are
modi fi ed and [EheSepend fmsiddmenitne 16 is configured to function as a del ay

line, simlarly to the first enbodi nent. wever, the |length of the del ay
line is not ﬁF%F%% Y%F%é?h&xﬁﬁgg§£ﬁesﬁgo? éﬂ?ﬁﬁﬁfﬁnaeggr B2d in the first

enbodi gﬁiﬁﬁgre{ngoﬁslrg%i%{v@ﬁ19%eh3é9<1%i1%i%ieacv‘éi tn def.ﬁsree(ffc%feitgu%‘%d coupled to

two fe and may tor “exanpl e couple _resp%%tive feed
ports 21 ang 3% torfesprct iiveky sepaiaber CAUMMWUreabhol cidcdid S ko
13 is a diagramillustrating an exenplary configuration of a 90 hybrid

Ci rcui t @Z3¥renHekebbrt dokd NEbetpPatihg Ro24n®Nfiri lgiiddiheatd is made to
constitute a 90 hybrid circuit 23, and is provided with a first port 23a,
a seconalperdy?8bplainddrd port 23c, and a fourth port 23d. The | ength LI
in which the conductor pattern 24 is disposed in the horizontal direction
of the boardTh8 ek tFHsEiagpEokknat et¥amolanft gedPthBgl@ngth L12 in the

vertical dir i,on | n Xi |
ert Cahy%ri%thigcu!LE ;EII%J_(C :;:[so ab%Ong gsen%ff‘é/eres%.nrg@ead of the

divider circuit 13 illustrated in Fig. 1.
[0031]

[2.1 Configuration of antenna apparatus]

Fig. 12 is a diagram illustrating an exemplary
configuration of a communication apparatus provided with an
antenna apparatus of the present embodiment.

To summarize the configuration of the antenna apparatus,
it is provided with a first antenna element 11 and a second
antenna element 12. The first antenna element 11 and the

- second antenna element 12 are coupled to a 90° hybrid
circuit 23 by respectively separate transmission lines 15
and 16. It is configured such that a delay process is

conducted on one of the transmission lines by modifying the



The first through fourth ports 23a to 23d are coupled to adjacent ports by
a conductor pattern 24 coupled in a square shape. For exanple, the first
port 23a is coupled to a first antenna elenent 11 via a transm ssion |ine
15, while the second port 23b is coupled to a second antenna el enent - 25
- Sl 1P0059 12 via a transmission line 16. Also, the third port 23c is
coupled to a feed port 21, while the fourth port 23d is coupled to a feed
port 22. [0035] By preparing such a 90 hybrid circuit 23 in which
four ports 23a to 23d are coupled by a conductor pattern 24, signals from
two antenna elenents 11 and 12 are-gityen a 90 phase differential at a

gi ven frequency and conbi ned. Furthernore, the conbi ned si gnabgiss obt ai ned
at the third port 23c and the fourth port 23d with the 90 phase

differenti r . i_ng.e rate at two

gi ven fr%d%%%%iégffggokggég%{%?%éagiyie qé gggﬁp%é as t e%%ntenna

el ement San@%'éeﬁ%ﬁtgwe{‘o a1 90 qfrasgpdiitf ef estialrataddhenwo frequencies
and conbi ned, while also being retrieved with the 90 phase differential.

[ 0036] translnastsh@ncameMer@od;meuﬂﬁ thbsiedofllr eht dnrd3 dilem@n01phase
shifter, the signals at the four ports 23a to 23d of that 90 hybrid
circuit 28 wen 49 hgprédentecudy 2 SThut $¢% taprfic cowsuif0837] [Eq. 1] -
26 - Sl 1P0059
sets the input impedance and/or phase of two ports to which
the respective antenna elements 11 and 12 are coupled to a
given state.
[0032]
Next, a specific configuration will be explained with
reference to Fig. 12.
A communication apparatus éO ig a wireless
communicaticn apparatus that conducts wireless communication
in a frequency band from several hundred MEz to several GHz,
for example, and a first antenna element 11 and a second
antenna element 12 are provided as an antenna apparatus
attached to the communication apparatus 20. Regarding
exemplary dispositicns of the respective antenna elements 11
and 12, herein the configuration explained in Figs. 1 and 2,
etc. for the first embodiment is applied as-is.
[0033]
Additionally, in the first antenna element 11, a feed
point 1lla of the first antenna element 11 is coupled toc the
90° hybrid circuit 23 via a transmission line 15. In the

second antenna element 12, a feed point 12a of the antenna

element 12 is coupled to the 90° hybrid circuit 23 via a



1 0-j -10 .0 -j -10 00 -1 -j 0-] -1 O_ [ 0038]

- 24 -
Si1p0059

transmission line 16. The lengths of the transmission line
15 and the transmission line 16 are modified and the
transmission line 16 is configured to function as a delay
line, similarly to the first embodiment. However, the
length of the delay line is not limited to being the same as
the length described in the first embodiment.

[C034]

The 90° hybrid circuit 23 is configured coupled to two
feed ports 21 and 22, and may for example couple the
respective feed ports 21 and 22 to respectively separate
communication circuits.

Fig. 13 is a diagram illustrating an exemplary
configuration of a 90° hybrid circuit 23. Herein, a
conductor pattern 24 on a circuit board is made to
constitute a 90° hybrid circuit 23, and is provided with a
first port 23a, a second port 23b, a third port 23c, and a
fourth port 23d. The length L1l in which the conductor
pattern 24 is disposed in the horizontal direction of the
board is taken to be approximately 70 mm, and the length L12
in the vertical direction is taken to be approximately 68 mm.

The first through fourth ports 23a to 23d are coupled
to adjacent ports by a conductor pattern 24 coupled in a
square shape. For example, the first port 23a is coupled to
a first antenna element 11 via a transmission line 15, while

the second port 23b is coupled to a second antenna element



[ 2.2 Exenpl ary characteristics] Fig. 14 illustrates exenplary
frequency characteristics of signals obtained at the third port 23c and
the fourth port 23d of the 90 hybrid circuit 23 (i.e., signals obtained at
the feed ports 21 and 22). The broken line characteristics S21 represent
.characteristics for the case of using just a single first antenna el enent
11 by way of reference, while the solid line characteristics S12 are
signals obtained at the third port 23c and the fourth port 23d. As
the characteristics S12 illustrated in Fig. 14 denonstrate, band w dening
can be designed at a plurality of freguency bands. In the exanple in Fig.
14, band wi dening is designed at the 800 MHz band and the 2 {G#mdand, for
exanpl e. [0039] Al so, a signal obtained at the third port 23c and a

si gnal |.ne he. port, 23d e diversity. , Flg. 15 1is
an exerrpoﬁas}yl%r %d?%ﬁ%‘srgé%%‘% Y 1})(12' an%?gg’- %’f -%hglr%?PBSglgn%é{al{i gnal
obt ai nedt &fpithe thhihr dePQ L2301 , WRiHi8 eFiclle £6uldh ?bxecxezrﬂal agy radiant
pattern of "a signal obtained at the fourth port 23d, for exanple. As

denonst radigd By teoapacéAgedie Fattern in Fig. 15 to the pattern in Fig.
16, the patterns are in a state of shift by a given angle, and have
sensitivi@G83ln different directions. Consequently, spatial diversity
i's achi eved between a signal received by supplying a signal obtained at
the third poPY PBerdping Eoitiudi 64t BRPELE cehicHitom3aineebiploriouxl, and a

signal receiv by s l ying a signal obtained at the fourth port 23d to a
connuniéﬁFﬁﬁn%gFr¥ﬂi?ggr%%ﬁEFQQR%§%pgﬂtaZ??“ffﬁﬁRﬁ patterp,ffnernore, the 90
hybrid c¢j.rcuit I e canf| d.to_] t_.an oxi grt ely 90

phase. i rords F2Ptured SR UsrdHERa g e T B E T Leh 28 two

frequengise H944kehidialThivd & gyhedi #elbhency and&idigiakker, an exenplary
third enbodi ment of the present” invention mn¥| be explained with reference

to Fi gs.Fukfheemdle, | th&i @snbiked @ik9ali dentbealndLfar eheetBighds are given
to portions corresponding to the first and second enbodi nents al ready
expl ai ngebrt 23c and the fourth port 23d with the 90° phase
differential.
Furthermore, by using elements that operate at two
given frequencies (800 MHEz and 2 GHz, for example) as the
antenna elements, signals are given a 90° phase differential
at the two frequencies and combined; while also being
retrieved with the 90° phase differential.
[0036]
In the case where the 90° hybrid circuit 23 is a 90°
phase shifter, the signals at the four ports 23a to 23d of
that 90° hybrid circuit 23 can be represented by an S-matrix
as follows.

[0037]

[Eq. 1]



The third enbodi nent is an exanple of coupling a hybrid - 28 - SI1P0059
circuit which is a 180 phase shifter instead of the 90 hybrid circuit 23
illustrated in Fig. 12. [0042] [3.1 Configuration of antenna apparat us]
Fig. 17 is a diagramillustrating an exenplary configuration of a

communi cati on apparatus provided with an antenna apparatus of the present
enbodi nent . To sunmari ze the configuration of the antenna apparat us,
it is provided with a first antenna elenent 11 and a second antenna

el ement 12. The first antenna elenent 11 and the second antenna el enent 12
are coupled to a 180 hybrid circuit 33 by respectively separate

transm ssion lines 15 and 16. It is configured such that aggdet@ys$rocess
i s conducted on one of the transmi ssion |ines by nodifying the |engths of
the transm ssion ||ne 15 qupling the first antenna elenent 11 to the 180

hybrid circ i 0 33jhnd' tiransm ssion line 16 coupling the second antenna
el emrent 12 tlo the,180 hy ild circuit 33. [0043] Next, a specific
conflgurat niﬁnlo b expitdined with reference to Fig. 17. A conmunication
appar at us | ess. |comruni cati on apparatus that conducts wreless

communi ca ﬁ"fn fr qdéﬁcy band from several hundred MHz to several GHz,
for exanple, Epd_fiflsft(frtenna el enrent 11 and a second - 29 -

[0038]

[2.2 Exémplary characteristics]

Fig. 14 illustrates exemplary frequency characteristics
of signals obtained at the third port 23c and the fourth
port 23d of the 90° hybrid circuit 23 (i.e., signals
obtained at the feed ports 21 and 22). The broken line
characteristics 821 represent characteristics for the case
of using just a single first antenna element 11 by way of
reference, while the solid line characteristics S12 are
signals obtained at the third port 23c and the fourth port
23d.

As the characteristics $12 illustrated in Fig. 14
demonstrate, band widening can be designed at a plurality of
frequency bands. In the example in Fig. 14, band widening
is designed at the 800 MHz band and the 2 GHz band, for
example.

[0039]

Also, a signal obtained at the third port 23c and a

signal obtained at the fourth port 23d have diversity.

Namely, Fig. 15 is an exempliary radiant pattern (X-Y plane)



Sl 1P0O059 antenna el enent 12 are provided as an antenna apparatus attached
to the communi cati on apparatus 30. Regardi ng exenplary dispositions of the
respective antenna el enents 11 and 12, herein the configuration explained
in Figs. 1 and 2, etc. for the first enbodinment is applied as-is. [0044]
Additionally, in the first antenna elenent 11, a feed point 1la of the
first antenna elenent 11 is coupled to the 180 hybrid circuit 33 via a
transm ssion line 15. In the second antenna elenment 12, a feed point 12a
of the antenna elenment 12 is coupled to the 180 hybrid circuit 33 via a
transm ssion line 16. The |l engths ofz4he transm ssion [ine 15 and the
transm ssion line 16 are nodified and the transm ssion |ing|ifypso
configured to function as a delay i ne, sinilarly to the first enbodi nent.
However , the de i.ne | d. 1 o .heing_the sane as
t he Ieng? desé% %Fal?ﬁe ?%?% © enbo ? éﬁlle lgThg61é5 hybri d
circuit 33 éxser&ﬁl%fﬂyg'fé@gaﬁguﬁé@@efrp otfwg %ﬂap%ﬁéaﬁ;ecﬁ%% $Re and may for
exanpl e couple the respective feed ports 3 32 to respectively

separ at efSOMRIHGAL 2GR, CEbE Ubkseple. AKl @emdis iR dibggeampatimgtrating an
exenpl ary configuration of a 180 hybrid circuit 33. Herein, the 180 hybrid
circuit 33 qaiprirsesnaftondistior tpet pertnedd on Big. 34 -th8l 1PO059 circuit
board, and is provided with a first port 33a, a second port 33b, a third
port 33RaEfdrE BEEr th portaB3det T fiteRyt B E31eR rAhicoh anfeha®aduct or
pattern 34 |s di.sposed in_the horizontal direction of the board is taken
to be apfiokiTte B 1?3dﬁﬁfe€ﬁﬁthﬁ¥qc§ﬁﬁPﬁ L32 in the vertical direction is

taken to be gggégélnatg%g {é%%yyl glverL%tﬁor? <i)Jj:év%%ﬁbtgroq[gh fourth

ports 33a to € coupl acen y a CoRguctor ¢ pattern 34

coupl ed 4, 1SqUaLEvERaRE. s B 1 A PaNdeGhRar by S48nd S A Qkded; bgt veen the
third port” 33c and the fourth port” 33d. "The shape of this conductor

pattern gt $3RXegphatymmantcamyporalsechakenrbe Herandiden pattgnd shape.
The first port 33a is coupled to a first antenna elenent 11 via a

transm ssiognalneetbivadii be $upplsdcgnd poghaB3bbtsircaupltedthto a second
antenna elenent 12 via a transmssion line 16. Also, the third port 33c is
coupl ed k& pegtpese B, avWﬁWW?QH%§tﬂQGthrE@¥¥ @%Rﬁl%;ﬁ?@dppéﬁtto a feed
port 32 [0047]

[0040]

Furthermore, the 920° hybrid circuit 23 may also be
configured to impart an approximately 90° phase differential
with respect to a plurality of frequencies, such as two
frequencies.

[0041]

[3. Third embodiment]

Hereinafter, an exemplary third embodiment cf the
present invention will be explained with reference to Figs.
17 to 18. In Figs. 17 to 18, identical reference signs are
given to portions corresponding to the first and second
embodiments already explained.

The third embodiment is an example of coupling a hybrid



By preparing such a 180 hybrid circuit 33 in which four ports 33a to 33d
are coupled by a conductor pattern 34, signals fromtw antenna el enents
11 and 12 are given a 180 phase differential at a given frequency and
conbi ned. Furthernore, the conbined signal is obtained at the third - 31
- Sl 1P0059 port 33c and the fourth port 33d wth the 180 phase
differential. Furthernore, by using elenents that operate at two

gi ven frequencies (800 MHz and 2 GHz, for exanple) as the antenna

el ements, signals are given a 180 phase differential at the two
frequenci es and conbi ned, while alsgpgeing retrieved with the 180 phase
differential. [0048] In the case where the 180 hybridsciggggdd 33 is a
180 phase shifter, the signals at the four ports 33a to 33d of that 180

el x 38 L9049k B 1 VBT 6h S el REc6aD PR TSR SeheToBY an
hybrid circuit 23 illustrated in Fig. 12.
[0042]

[3.1 Configuraticn of antenna apparatus]

Fig. 17 is a diagram illustrating an exemplary
configuration of a communicaticn apparatus provided with an
antenna apparatus of the present embodiment.

To summarize the configuration of the antenna apparatus,
it is provided with a first antenna element 11 and a second
antenna element 12. The first antenna element 11 and the
second antenna element 12 are coupled to a 180° hybrid
circuit 33 by respectively separate transmission lines 15
and 16. It is configured such that a delay process is
conducted on one of the transmission lines by modifying the
lengths of the transmission line 15 coupling the first
antenna element 11 to the 180° hybrid circuit 33 and the
transmission line 16 ccoupling the second antenna element 12
to the 180° hybrid circuit 33.

[0043]

Next, a specific configuration will be explained with
reference to Fig. 17.

A communication apparatus 30 is a wireless
communication apparatus that conducts wireless communication
in a frequency band from several hundred MHz to several GHz,

for example, and a first antenna element 11 and a second



110-

1001 -10 01

- 29 -

S11P0059
antenna element 12 are provided as an antenna apparafus
attached to the communication apparatus 30. Regarding
exemplary dispositions of the respective antenna elements 11
and 12, herein the configuration explained in Figs. 1 and 2,
etc. for the first embodiment is applied as-is.

[0044]

Additionally, in the first antenna element 11, a feed
point 1la of the first antenna element 1i is coupled to the
180° hybrid circuit 33 via a transmission line 15. In the
second antenna element 12, a feed point 12a of the antenna
element 12 is coupled to the 180° hybrid circuit 33 via a
transmission line 16. The lengths of the transmission line
15 and the transmission line 16 are modified and the
transmission line 16 is configured to function as a delay
line, similarly to the first embodiment. However, the
length of the delay line is not limited tec being the same as
the length described in the first embodiment.

[0045]

The 180° hybrid circuit 33 is configured coupled to two
feed ports 31 and 32, and may for example couple the
respective feed ports 31 and 32 to respectively separate
communication circuits.

Fig. 18 is a diagram illustrating an exemplary
configuration of a 180° hybrid circuit 33. Herein, the 180°

hybrid circuit 33 comprises a conductor pattern 34 on a



01-10 [ 0050] [3.2 Exenplary characteristics] Fig. 19
illustrates exenplary frequency characteristics of signals obtained at the
third port 33c and the fourth port 33d of the 180 hybrid circuit 33 (i.e.,
signals obtained at the feed ports 31 and 32). The broken line - 32 -

Sl 1P0059 characteristics S31 represent characteristics for the case of
using just a single first antenna elenent 11 by way of reference, while
the solid Iine characteristics S32 are signals obtained at the third port
33c and the fourth port 33d. As the characteristics S32 illustrated
in Fig. 19 denonstrate, band w deningy can be designed at a plurality of
frequency bands. In the exanple in Fig. 19, band w dening §f1glepiggned at
the 800 MHz band and the 2 GHz band, for exanple. Herein, in the case of

TS0 PSR PS SRS SASA RN L0 PRVIA et 23 0 B
second port 33b, a third port 33c, and a fourth port 33d.
The length L31 in which the conductor pattern 34 is disposed
in the horizontal direction of the board is taken to be
approximately 73 mm, and the length L32 in the vertical
direction is taken to be approximately 65 mm.

[0046]

The first through fourth ports 33a to 33d are coupled
to adjacent ports by a conductor pattern 34 coupled in a
square shape, but a meander part 34a is provided between the
third port 33c and the fourth port 33d. The shape of this
conductor pattern 34 is exemplary, and may alsc taken to be
another pattern shape.

The first port 33a is coupled to a first antenna
element 11 via a transmission line 15, while the second port
33b is coupled toc a second antenna element 12 via a
transmission line 16. Also, the third port 33c is coupled
to a feed port 31, while the fourth port 33d is cocupled to a
feed port 32.

[G047]

By preparing such a 180° hybrid circuit 33 in which
four poris 33a to 33d are coupled by a conductor pattern 34,
signals from two antenna elements 11 and 12 are given a 180°
phase differential at a given fregquency and combined.

Furthermore, the combined signal is obtained at the third



[ 0051] Al so, a signal obtained at the third port 33c and a signal
obtained at the fourth port 33d have diversity. However, since there is a
180 phase differential, the radiant pattern differs fromthe exanple of a
90 phase differential in Figs. 15 and 16. [0052] Furthernore, the 180
hybrid circuit 33 may al so be configured to inpart an approximately 180
phase differential with respect to a plurality of frequencies, such as two
frequencies. [0053] - 33 - SI1P0059 [4. Modifications] In the second
and third enbodi nents di scussed above, a 90 hybrid circuit 23 or a 180
hybrid circuit 33 is coupled after-hayisag nade one anong transm ssi on
lines 15 and 16 a delay line, but the transm ssion |ines lgiandpd® may

al so be taken to have the sanme length. In other words, it nay al so be

confi gur t.hat n i i %£g1 ver sity e i ned by adjusting
j ust theﬁgﬁ§ﬁiﬂ%f%ékﬁggu??ﬂ%gﬁgég%%e 1 ghﬁﬁbir %??cd&?ﬁg%. Al so, in the
second agdrtdidrdienbodi nents, it was configured such that two feed ports
are provided and diversity reception could be received, but nerely

- provi di ng a surgherheed, goytusirpeiepkabkethat casastshenre tdbversity
reception is not required. [0054] Al so, in the foregoing expl anati on,
it is explwmddadvancphasé8Ps M wwtked Bfiza dekagxdmpies)areds Wyleri d circuit
in the respective enbodinments, but it may al so be configured such that the
i nput i nPete SdreTgRtEnnaletehe M (% VAd) ast88. PRA¥ her words, it may be

pedanch M Piace APChPa HET s TTHECIAT 8PHaCPORIFEo1 Miidy 2186 be
pedance: i ad gt O b e L B hybri o o roui
33. [005hd0487
In the case where the 180° hybrid circuit 33 is a 180°
prhase shifter, the signals at the four ports 33a to 33d of
that 180° hybrid circuit 33 can be represented by an S-

matrix as follows.

[0049]

[(Eg. 2]

0 1 1 O]
111 0 0 1
J2l-1 0 0 1
0 1 -1 0]
[0050]

[3.2 Exemplary characteristics]

Fig. 19 illustrates exemplary frequency characteristics
of signals obtained at the third port 33c and the fourth
port 33d of the 180° hybrid circuit 33 (i.e., signals

obtained at the feed ports 31 and 32). The broken line



- 34 - Sl 1P0059 Al so, although the first and second antenna el enents
are described as inverted F antennas by way of exanple, antenna el enents
of another format nmay al so be applied. In this case, besides the case of
usi ng el enents wherein the i npedances of the first and second antenna

el ements have the same frequency characteristics, it may al so be
configured such that the inpedances of the first and second antenna

el enents have different frequency characteristics. [0056] Al so, the
center frequency used to calculate the characteristics described in the
respective exenplary enbodi nents may3be- ot her than the frequency at the
exact center of the frequency band used by an antenna appagatpsss®and may
be a frequency nearly at the center. Alternatively, it nay al so be a

represent@li e d,56q4eacys tr%&%rfﬂé%%g@%%iaggs@ggs rf&ﬁ?éﬂé?g%%f"”"““ ed

in an antenna apparatus, for ‘exanp rence Signs List ] 10
comuni cat I i raPBakat HSsidg1d 1fi Add EntaRhenBaegberent pklafeed¢ point 11b

bondi ng conductor |lc current distribution maxima 12, 12' second antenna
el emrent reféd®nce, while the solid line characteristics 832 are

signals obtained at the third port 33c and the fourth port

33d.

As the characteristics 832 illustrated in Fig. 19
demonstrate, band widening can be designed at a plurality of
frequency bands. In the example in Fig. 19, band widening
is designed at the 800 MHz band and the 2 GHz band, for
example. Herein, in the case of viewing fregquency
characteristics only, the 90° hybrid circuit 23 in Fig. 14
and the 180° hybrid circuit 33 in Fig. 19 have the same
characteristics.

[0051]

Also, a signal obtained at the third port 33c and a
signal obtained at the fourth port 33d have diversity.
However, since there is a 180° phase differential, the
radiant pattern differs from the example of a 90° phase
differential in Figs. 15 and 16.

[0052]

Furthermore, the 180° hybrid circuit 33 may also be
configured to impart an approximately 180° phase
differential with respect to a plurality of frequencies,
such as two frequencies.

[0053]



811P0059 12a feed point 12b bondi ng conductor 12c current distribution
maxi ma 13 divider circuit 14 feed port 15 transm ssion line 16

transm ssion line (delay line) 17 G\D pl ane 17a edge 20 conmuni cati on
apparatus 21 feed port 22 feed port 23 90 hybrid circuit

- 33 -
S511p0059

[4. Mcdifications]

In the second and third embodiments discussed above, a
90° hybrid circuit 23 or a 180° hybrid circuit 33 is coupled
after having made one ameong transmission lines 15 and 16 a
delay line, but the transmission lines 15 and 16 may also be
taken to have the same length. In other words, it may alsc
be configured such that band widening and diversity are
obtained by adjusting just the 90° hybrid circuit 23 or the
180° hybrid circuit 33. Also, in the second and third
embodiments, it was configured such that two feed ports are
provided and diversity reception could be received, but
merely providing a single feed port is acceptable in cases
where diversity reception is not regquired.

[0054]

Also, in the foregoing explanation, it is explained
that phase is adjusted by a delay line and hybrid circuit in
the respective embodiments, but it may also be configured
such that the input impedance of antenna elements is
adjusted. In other words, it may be configured to design
band widening by adjusting one or both of input impedance
and phase with a delay line. Alternatively, it may also be
configured to design band widening by adjusting one or both
of input impedance and phase with a 90° hybrid circuit 23 or
a 180° hybrid circuit 33.

[0055]



24 conductor pattern 30 communi cation apparatus 31 feed port 32 feed port
33 180 hybrid circuit 34 conductor pattern 34a neander part - 36 -
S11P0059 CLAIMS [Caim 1] An antenna apparatus including: a first antenna
el ement; a second antenna el enent; and

_34_
S11P0059

Also, although the first and second antenna elements
are described as inverted F antennas by way of example,
antenna elements of another format may alsc be applied. In
this case, besides the case of using elements wherein the
impedances of the first and second antenna elements have the
same frequency characteristics, 1t may alsc be configured
such that the impedances of the first and second antenna
elements have different frequency characteristics.

[0056]

Also, the center frequency used to calculate the
characteristics described in the respective exemplary
embodiments may be other than the frequency at the exact
center of the frequency band used by an antenna apparatus,
and may be a frequency nearly at the center. Alternatively,
it may also be a representative frequency at which
transmission and reception is conducted in an antenna
apparatus, for example.

Reference Signs List
[0057]

10 communication apparatus

1i, 11' first antenna element

lla feed point

11b bonding conductoer

1lc current distribution maxima

12, 12' sgecond antenna element



a branch circuit to which the first antenna el enent and the second antenna
el ement are coupled via respectively separate transm ssion |ines; wherein
a delay process is conducted on one of the transm ssion |ines by nodifying
the lengths of the transm ssion line coupling the first antenna el enent to
the branch circuit and the transm ssion |line coupling the second antenna
el ement to the branch circuit, thereby adjusting the input inpedance
and/ or phase of the first and second antenna el enments such that w der band
characteristics than the antenna characteristics of the first and second
antenna elenments individually are copgigured. [Claim2] The antenna
apparatus according to Claim1l, wherein when t he di st gnceolhes ween a
site where the absolute value is maxim zed over a current distribution of
the first antlc%gnaf%(;g)eorltntand a site where the absolute val ue of maxim zed
over a current distribution of the second antenna elenent is taken to be

t he ant enna- hopant & fishaneeorand - 37 - SI1P0059 when the length of a
delay line produced due to a difference in the lengths of the two

t ransm ssi on 1kichesutSerdtakantirapheibhengelmy |ine di stance, t he

absol ute value of the difference between the antenna-to-antenna distance
and t he del ay3l i ¢evidiest ariceuis nade equal to an integer nmultiple, equal to
or greater than 0, of the wavel ength of a frequency at which transmtting
or receivinglits B@RRHWRAYd in the antenna apparatus, and t he sum of

t he antenna-to-antenna di.stance and the delay |line distance is nade equal
to an integer muttF B, 55%qtall*t6 or greater than 1, of the wavel ength of a
near - cent er flréeqt%a C lastf\ggu gh %rﬁéﬂ%tﬂ}% or receiving is conducted in

t he ant enna apparatus. O"ai m 3 € a tenna? apparatus according to Claim
1, wherein 17 &he Prgpch circuit is configured as a hybrid circuit in
whi ch the input inpedance and/or phase at two ports coupled to the
respective antzannadgd enents are set to a given state. [C ai m 4]

20 communication apparatus
21 feed port

22 feed port

23 90° hybrid circuit

24 conductor pattern

30 communication apparatus
31 feed peort

32 feed port

33 180° hybrid circuit

34 conductor pattern

34a meander part



The antenna apparatus according to Claim1, wherein the branch circuit is
configured as a hybrid circuit provided with two ports as ports coupled to
a comuni cation circuit, and recei ved signals obtained at the two
ports coupled to a comrunication circuit have diversity characteristics.

- 38 - 311P0059 [ aim5] The antenna apparatus according to Caiml,

wher ei n the branch circuit is configured as a hybrid circuit in which
t he i nput inpedance and/or phase at two ports coupled to the respective
antenna elenments are set to a given state, and also provided with two
ports as ports coupled to .a conmuni gat+on circuit, and recei ved
signals obtained at the two ports coupled to a conmuni cati gnieppnseit have
diversity characteristics. [Caim6] The antenna apparatus according to
Caim5, wherein the hybrid circui tppparts an approxi mately 90 phase
differential to a first frequency. [Caim7] The ant enna appar at us
accordi ngci&ikdm m5, wherein the hybrid circuit inparts an approxi mately

180 phase differential to a first frequency.
An antenna apparatus incliuding:

a first antenna element;

a second antenna element; and

a branch circuit to which the first antenna element and
the second antenna element are coupled via respectively
separate transmission lines;
wherein

a delay process 1s conducted on one of the transmission
lines by modifying the lengths of the transmission line
coupling the first antenna element tc the branch circuit and
the transmission line coupling the second antenna element to
the branch circuit, thereby adjusting the input impedance
and/or phase of the first and second antenna elements such
that wider band characteristics than the antenna
characteristics of the first and second antenna elements
individually are configured.
[Claim 2]

The antenna apparatus according to Claim 1, wherein
when the distance between a site where the absolute
value is maximized over a current distribution of the first

antenna element and a site where the absolute value of
maximized over a current distribution of the second antenna

element is taken to be the antenna-to-antenna distance, and



[Claim8] The antenna apparatus according to Claimb5, wherein the hybrid
circuit inparts an approximtely 90 phase differential to a first
frequency, and additionally inparts an approxinmately 90 phase
differential to a second frequency. [Claim9] The antenna appar at us
according to Caim5, wherein - 39 - S|l 1P0059 the hybrid circuit

I nparts an approxi mately 1800 phase differential to a first frequency, and
additionally inparts an approximately 180 phase differential to a second
frequency. [C aim 10] The antenna apparatus according to Caimb5, wherein
t he i npedances of the first and secogd -antenna el enents have the sane
frequency characteristics. [Caim1l] S11P0058

when the length of a delay line produced due to a difference
in the lengths of the two transmission lines is taken to be
the delay line distance,

the absolute value of the difference between the
antenna-to-antenna distance and the delay line distance is
made equal to an integer multiple, equal to or greatér than
0, of the wavelength of a frequency at which transmitting or
receiving is conducted in the antenna apparatus, and

the sum of the antenna-to-antenna distance and the
delay line distance is made equal to an integer multiple,
equal to or greater than 1, of the wavelength of a near-
center frequency at which transmitting or receiving is
conducted in the antenna apparatus.
[Claim 3}

The antenna apparatus according to Claim 1, wherein

the branch circuit is configured as a hybrid circuit in
which the input impedance and/or phase at two ports coupled
tc the respective antenna elements are set to a given state.
[Claim 4]

The antenna apparatus according to Claim 1, wherein

the branch circuit is configured as a hybrid circuit
provided with two ports as ports coupled to a communication
circuit, and

received signals obtained at the two ports coupled to a

communication circuit have diversity characteristics.



The antenna apparatus according to Claim1, wherein t he i npedances of
the first and second antenna el enents have different frequency
characteristics. [Claim12] A conmunication apparatus including an antenna
apparatus, wherein a first antenna el enent, a second antenna el enrent, and
a branch circuit to which the first antenna el enent and the second antenna
el enment are coupled via respectively separate transmssion lines are

i ncl uded as the antenna apparatus, and wherein a delay process is
conducted on one of the transmi ssion lines by nodifying the | engths of the
transm ssion line coupling the firstzgntenna elenent to the branch circuit
and - 40 - SI1P0059 the transm ssion |line coupling the segconghsmt enna

el enent to the branch circuit, thereby adjusting the input inpedance

and/ or p . pfethe first and second antenna el enents such that w der band
characterlstlcs than the antenna characteristics of the first and second

antenna el emgRks ahBdhih 0y d Ao 1€ seeBbhgds e claim 1, wherein

the branch circuit is configured as a hybrid circuit in
which the input impedance and/or phase at two ports coupled
to the respective antenna elements are set to a given state,
and also provided with two ports as ports coupled to. a
communication circuit, and

received signals obtained at the two ports ccoupled to a
communication circuit have diversity characteristics.
[Claim 6]

The antenna apparatus according to Claim 5, wherein

the hybrid circuit imparts an approximately 90° phase
differential to a first frequency.
[Claim 7]

The antenna apparatus according to Claim 5, wherein

the hybrid circuit imparts an approximately 180° phase
differential to a first freguency.
[Claim 8]

The antenna apparatus according to Claim 5, wherein

the hybrid circuit imparts an approximately 90° phase
differential to a first frequency, and additionally imparts

- an approximately 90° phase differential to a second

frequency.
[Claim 9]

The antenna apparatus according to Claim 5, wherein



[Caim13] The conmuni cati on apparatus according to Claim 12, wherein
when the di stance between a site where the absolute value is maxi m zed
over a current distribution of the first antenna el enent and a site where
t he absol ute val ue of maxi m zed over a current distribution of the second
antenna elenent is taken to be the antenna-to-antenna distance, and when
the length of a delay line produced due to a difference in the |engths of
the two transmission lines is taken to be the delay |ine distance,

t he absol ute value of the difference between the antenna-to-antenna

di stance and the delay |ine distance3ss-nmade equal to an integer nultiple,
equal to or greater than 0, of the wavelength of a frequengyiatosdhi ch
transmtting or receiving is conducted in the antenna apparatus, and

the sumof t '%%a%&ﬁ?ﬁ&'é?f&{i&?%?@a%%t Qﬂcgpﬁf‘&it&ete‘i? %okl Ppadl stance is

made equal to an integer mult equal to or greater than" 1, of the
wavel enggdr Qfr @Al to a Alrst AP Lerhar f8 £OUSNCN Atimph-€h

transmtting or receiving is conducted in the antenna appar at us.

an approximately 180° phase differential to a second
fregquency.
[Claim 10]

The antenna apparatus according to Claim 5, wherein

the impedances éf the first and second antenna elements
have the same frequency characteristics.
[Claim 11]

The antenna apparatus according to Claim 1, wherein

the impedances of the first and second antenna elements
have different frequency characteristics.
[Claim 12]

A communication apparatus including an antenna
apparatus, wherein

a first antenna element,

a second antenna element, and

a branch circuit to which the first antenna element and
the second antenna element are coupled via respectively
separate transmission lines

are included as the antenna apparatus, and
wherein

a delay process is conducted on one of the transmission
lines by modifying the lengths of the transmission line

coupling the first antenna element to the branch circult and
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the transmission line coupling the second antenna element to
the branch circuit, thereby adjusting the input impedance
and/or phase of the first and second antenna elements such
that wider band characteristics than the antenna
characteristics of the first and second antenna elements
individually are configured.
[Claim 13]

The communication apparatus according to Claim 12,
wherein

when the distance between a site where the absolute
value is maximized over a current distribution of the first
antenna element and a site where the absolute value of
maximized over a current distribution of the second antenna
element is taken to be the antenna-to-antenna distance, and
when the length of a delay line produced due to a difference
in the lengths of the two transmission lines is taken to be
the delay line distance,

the absolute value of the difference between the
antenna-to-antenna distance and the delay line distance is
made equal to an integer multiple, equal %o or greater than
0, of the wavelength of a fregquency at which transmitting or
recelving is conducted in the antenna apparatus, and

the sum of the antenna-to-antenna distance and the
delay line distance is made equal to an integer multiple,

equal to or greater than 1, of the wavelength of a near-
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center frequency at which transmitting or receiving is

conducted in the antenna apparatus.



