1 _ SPECI FI CATI ON ANTENNA
SYSTEM ~ HELD OF THE I NVENTION 5 The present
invention relates to an antenna system used primarily in a nobile
wirel ess device, and in particular, to an antenna system by which it
I's possible to shorten element | ength and to increase strength of the
antenna system 10 1 BACKGROUND ART I n
recent years, there have been increasing demands on nobile wireless or
radi o devi ces such as portable t el ephone sets.. As a conventional type
antenna for 15 portable tel ephone, SPERIHIEATEMha i s often used, which
can be accommopdated in a portable telephone main unit. . As an
exanple, Fig. 33 and Fig. 34 each reﬁﬁ& SRS SYRTEM arrangenment of a
conventional type antenna system as a

FIELD OF THE INVENTION

5 The present invention relates to aﬁ antenna system
used primarily in a mobile wireless device, and in
particular, to an aﬁtenna system, by which it is possible
to shorten element length and to increase strength of the.
antenna system. .

10

BACKGROUND Al_?.T

In recent years, thére have been increasing demands
on mobile wireless or radio devices such as portable
telepﬁone sets. As a conventional type antenna for

15 pbrtable telephone, a whip antenna is often used, which
can be accommodated in a portable telephone main unit.

As an example, Fig. 33 and Fig. 34 each represents an
arrangement of a conventional type antenna system as
d}sclosed, for example, in JP-A-1-204504. 1In the figures,

20 symbols and component names described in JP-A-1-204504
are used. As shown in Fig. 33,'when an antenna element 14
is withdrawn from a portable teleéhone main unit 10, a
contact member 15 comes into contact with an upper
contact piece 2la. As a result, the antenna_element 14 is
25 connected to a matching circuit assembly 12.

As shown in Fig. 34, when the antenna element 14 is



di scl osed, for exanmple, in JP-A-1-204504. In the figures, 20 synbols and
conponent nanes described in JP+A-1-204504 . are used. As shown in Fig.
33, when an antenna el enent 14 is-withdrawmn froma portable tel ephone
main unit 10, a contact nenber 15 comes into contact with an upper
contact piece 2la. As a result, the antenna elenent 14 is 25 connected to
a matching circuit assenbly 12. 2As shown in Fig. 34, when the

antenna el enent 14 is 2
accommpdated in the rtaBI e tel ephone naln uni t contact nenber
16 i s brought ?ﬁFBmE FE@ &Ptﬁhﬁ Pehkpble telEBh?%%tm§+%c%n§@xﬂ°#Gaa

result, the anten a elengg connected to the patching circuit

assenmbly 12. THO®Y agﬁeme eraﬁﬁeﬁﬁabEPEﬁBFtlﬁﬁ° CoRbAGRWEEN 13 1eTmt ching
circuit assenbly 12, i only when it_is wthdraw frgmthe )
portable teIepﬂBﬂEaﬁﬁlﬂlﬁﬁ?t B-bfts A Py ithe @antenna glepanrddddedsin

cgnﬁggtg ove rangtgﬁlng Elréglgugggggfaérﬁg. ‘%ﬂﬂé, the

5 antenna element 14 is connected to the matching circuit
assembly 12, not only when it is withdrawn from the
portable telephone main unit 10 but also when it is
.accommodated in it.

In the above arrangement, it is supposed that, when

10 the antenna element 14 is withdrawn from the portable
telephone main unit 10, impedance is Z1l when the antenna
element 14 is seen from the métching circuit assembly 12
and impedance is 72 when the antenna element'14 is seen
from the matching circuit assembly 12 with the antenna

15 element 14 accommodated in thé portable telephone main
unit 10. If element length of the antenna element i4,
 position of feeding point, and dimensions of wireless
device housing are adjusted in such manner that Z1 and z2
become equal to each other, satisfactory.matching

20 condition can be attained by;the matching circuit
assembly 12 in both cases, i.g._inlcase the antenna
element 14 is withdrawn from the portable telephone main
unit lolor in case it is accommodated in the portable
telephone main unit 10. 2As a rgéult, mobile communication

25 with high quality and stability can be achieved..

The conventional system is disadvantageous in that,



10 the antenna elenment 14 is withdrawn fromthe portable t el ephone
main unit 10, inpedance is Z1 when the antenna element 14 is seen from
the matching circuit assenbly 12 and i npedance is Z2 when the antenna
el ement 14 is seen fromthe matching circuit assenbly 12 with the
antenna 15 elenent 14 accomobdated in the portable tel ephone main

unit 10. If elenent length of the antennd el énent 14, posi tion of
feeding point, and dinensions of wreless . device housing are adjusted
in such manner that Z1 and Z2 becone equal "to each other, satisfactory
matching 20 WBBAi thenaskenpa éﬂﬁﬂﬁﬁ§d16yl§hécﬁﬁE@ﬁﬂﬂ§e€|%Buﬁh

assenbly 12 in both cases, i.e. in case the_ antenna 'elenent 14 is

wi t hdr awn fronPPﬁ§abéPt§§ﬂ6PP@P6pWGﬁ§ pBi% 10, aypartioforadiaticr it is
accommodated in the portable tel ephone nain unit 10. /As a result,
mobi | e communi €BeFEy issabgprked 9 &G&IFF}GHHSH§tHBFF|F?lEaﬂrbE°aEh?eved

The conventlonal systen1|s di sadvant agequs in that
3 body of a person who carries the telephone, and the

5 characteristics of the antenna are deteriorated.

As one of the measures to solve this problem, a
separate type helical-whip antenna is often used, in
which the antenna is separated to two types of antenna,
i.e. to a helical antenna opefeted when the antenna is

10 accommodated in the porteele telephone main unit and a
.whip antenna operated when the'antenna is withdrawn from
the portable telephone main uﬁit.' Fig..35A to Fig. 35C
each represents an arrangemen? example of sgch an anteﬁna
system. Fig. 35A shows an enpire.arrangement of a

15 separate type helical-whip antenna, and Fig. 35B and Fig.

35C show respectively the condition when the antenna 30 - ----- -

_is accommodated in the telephqﬁe main unit 38 and the
condition when the antenna 30;is withd;awﬁ from the
telephone main unit 38. .

20 As shown in Fig. 35B, when the antenna 30 is
accommodated in the telephone main unit 38, a helical
antenna 31 is connected to a éonnection terminal 37
leading to a wireless device.circuit via a feeding unit
32, a connection member 35, and a matching circuit 36. In

25 this case, a whip antenna 33 accommodated in the

telephone main unit is separated from the wireless device



when the antenna el enent 14 is accomodated in the portabl e tel ephone
main.unit 10, a part of radiation energy is absorbed to the tel ephone
main unit or to the body of a person who carries the tel ephone, and
the 5 characteristics of the antenna are deteriorated. As one of
t he measures to solve this problem a separate type helical -whip
antenna is often used, in . whi ch the4antenna is separated to two types
of antenna, i.e. to a helical antenna operated when the antenna is 10
accomodated in the portable tel ephone main unit and a Wwhi p ant enna
oper at ed when tHEhtenmnd sney inEeERCe risn exertedopkhawicelassphone
main unit. Fig. 35A to Fig. 35C each represents an arrangenent exanple

of such an ant élgfsice cikguitepfromgtheshelephene sehground tdhgyadbiR of a
15 separate type helical -whip_antenna, and Fi'g. 35B and Fig. 35C show

respectivel y t RISHRA t3DreRhERCR Redhtehr BRrson wha qaigckifoddi®d in the
t el ephone main unit 38 and the condi tion when the antenna 30 is

wi t hdrawn fromtedepPhoney ¢ ephone main unit 38. 20 As shown in Fig.
35B, when the antenna 30 is acconmodated - in the tel ephone main unit

38, a heli cl Bt hown 3in; Eigonhett cihen Bhe AnkerRdn3Q ks nal 37

withdrawn from the telephone main unit 38, the whip
antenna 33 is connected to the connection terminal 37
leading to the wireless device circuit via a feéding unit
34, the connection member 35, and the matching circuit 36.
10 By adopting such an a:rangehent, it is possible to
separate the antenna to two typgs, i.e. to an antenna
operated when it is achmmodafeq in the telephone main
unit and to an antenna to be operated ﬁhen it is
- withdrawn from the télephone‘main unit, and déterioration_
15 of the characteristics of tﬁe antenna when the antenna is
accommodated in the teléphéne:main unit-can be avoided.
However, there are problems in that element 1ength'of
‘the antenna 30 is increased by the helical antéhna 31 and
that strength of the connecting point of the helical
20 antenna 31 and the whip antenna 33 is weakened. In the
conventional type antenna, imp;dance is determined by
_equivalent electrical length éﬁéh as element length of
the antenna element or dimensions of wireless deviqé
housing. Accordingly, it is disadvantageous in that the
25 desired impedance and external-design of the wireless

device are not necessarily compatible with each other.



| eading to a wreless device circuit via a feeding unit 32, a
connecti on nenber 35, and a matching circuit 36. In 25 this case, a whip

antenna 33 accomopbdated in the tel ephone nain unit is separated from
the wirel ess device 4 circuit,
and no influence is exerted on the mﬁrelﬁis .~~~ device circuit fromthe

t el ephone set around the whip antenrfa’ 33 or from body of a person who
carries the t el ephone. 5 As shown in Fig. 35C,  when the antenna

30 is - mﬁthdram?HLEBgEthﬁ?kﬁlEpgoagvg?ggﬁﬂeggigﬁéggPﬁagg%g?%%emﬂantenna

33 is connec;ed to e conﬁec onternin ( rel ess
o by oo bl gRCLE Wibten, prdfuctly GEASTIIINITIY 25, anc
DO LS e (-EPALELEALUE 611600 LIRAL DRSS obe ok, nd "t ks
band, and there are strqng demands on the development of
5 a wireless device, which can be used for different
frequency bands. The conventional type antenna system can
cope with only one frequency band, and if it is used for
a wireless device for two or more different systems,
characteristics are extremely déteriorated.
10 |
DISCLOS&RE OF THE INVENTION
To solve the above probléms, it is an object of the
present invention to provide aﬁ antenna system, by which
it is possible to shorten elemént length and to increasé
15 the strength compared with a_éeparate type helical-whip
antenna while avoiding deterioration of characteristics
when the antenna is accommoaaied_in the device, to
ihdependently controi'impédancéhgf the whip.antenna in
twb frequency'bands, to obtain the desired impedance
20 £egard1ess of external design of the wireless device, to
attain satisfactory matchipgfcpqdition, and to achieve
mobile communication with high quality and stability.
In the antenna system of the present invention, a
helical antenna to be operateg.when the antenna is

25 accommodated in the wireless device main unit and a whip

antenna to be operated when the antenna is withdrawn from



unit and to an antenna to be operated when it is . withdrawmn fromthe
tel ephone main unit, and deterioration 15 of the characteristics of the

ant enna when the antenna is acconmodated in the tel ephone main unit
can be avoi ded. However, there are problens in that elenent |ength
of the antenna 30 is increased by the helical antenna 31 and t hat
strength of the connecting point of the lBelical" 20 antenna 31 and the whip
antenna 33 is weakened. In the conventional type antenna, inpedance is
determ ned by equi val ent electrical length such as el enent |ength of

the antenna el &henhiwigielgsfedawiee gain wids angerlectricalliyydngylated
Accordingly, it is disadvantageous in that the 25 desired inpedance and
ext ernal desi gifrom @achiqtdietss and theeWhip Antenna iscdesdgnegd §8npassbl e
wi th each ot her, ) Further, 'with the diversification of
the mobile throwdghithe ihed igpd éntemndquency band used is al so

diversified, e.g. 800 MHz, band, 1.5 G4 band, and 1.9 G4z , ] _
According to the present invention, it is possible to

5 shorten element length of the anﬁenna system and to
increase the strength.

The antenna system according to claim 1 of the
present invention comprises an antenna element connected
to a wireless circuit having a first frequency band, and

10 a first parasitic or passiﬁé élement, whereby said first
parasitic element is arranged closely with a very small
'spacing to said antenna element with respect to
wavelength of said first frequéncY band, and real
equivalent electrical length of said first parasitic

.15 element in said first frequency band is not 1/2
ﬁavelength or its integral multiple and is terminated by
.a first terminatiﬁé circuit cbmprising a reactance
element. Thus, it is pqssible to provide an effect to
control impedance of the antenna element without changing

20 - element length of the antenna element.

The invention described in claim 2 provides an
anténna system according to claim 1, wherein said antenna
element is connected to a wireless circuit having said
first frequency band and a secon@ frequency band, said

25 first parasitic element is arranged closely with a very

small spacing to said antenna element with respect to



band, and there are strong demands on the devel opnent of 5 a wireless

devi ce, which can be used for different frequency bands. The _
conventional type antenna system can cope with only one frequency
band, and if it is used for a wreless device for two or nore

di fferent systens, characteristics are extrenely deteriorated. 10

DI SCLOSURE OF THE | NVENTI ON To7sol ve the above problens, it is an
obj ect of the present invention to provide an antenna system by which

it is possible to shorten elenent length and to increase_ 15, the strength
conpared with Wa¥epgngtd dp,&add fdxsTfrgquency,hapdnandnfpidagerendg
deterioration of characteristics’ when ,the antepna i s accommodated in
the device, tofreduepgyebandesnapd E@ﬁ@rGﬂuﬂﬁﬁiﬁgﬁcGEGFtFﬁEaihiﬁnﬂﬁ efha in
two frequency bands, .to obtain,the desired i.npedance 20. regardless of
external desi gRAdf EAESH Patasitde,edemens in sajf sprodd: FEFARERFY

rat ohina_cond: besk 1379/ AR Egen or TR ARSSOTIRERLBTeY K "
| ventl on. 5% popalBies 2o, SECFANR. B 4UBR! PhodpIBlohte Ry SORRLE S
impedance in the first frequency baﬁd without giving
"influence on impedance in the second frequency baﬁd of
the antenna eiement.
The invention described in claim 3 provides an
10 antenna system according to claim 2, wherein there is
provided a second parasitic elemeﬁt, whereby said second
parasitic element is arranged closely with a very small
spacing to said éntenna element_and said first parasitic
element with respect to wavelength in said first
15 frequency band and said secoﬁd-frequency band, real
equivalent electrical length_oﬁ said second parasitic_
~element in said first frequency Sand is 1/2 wavelength or
its integral multiple, real equivalent electrical length
of said second parasitic element in said second frequency
20 band is not 1/2 wavelength or.its integral multiple, and
said second parasitic element is terminated by a second
terminating circuit comprising'a reactance element. It'is
possible to give an effect to independently control
impedance in the first frequency band of the antenna
25 element and impedance in the second frequency band

without giving influence on éach other.



antenna to be operated when the antenna is w thdrawn from

6 the wireless device nain unit are electrically insulated

from each other, and the whip antenna is designed to pass t hrough the.
hel i cal antenna. According to the present invention, it is
possible to 5 shorten el enent |ength of the antenna systemand to

I ncrease the strength. The ant 8nna system according to claim1 of
t he present invention conprises an antenna el enent connected to a

wirel ess circuit haying a first frequency, hand,, and, 10 a first parasitic
or passive eIenent3*“%3f5ﬁ?@§£4j4§%§ﬁfﬁéé 1n, gladm & PEPEAARS PR arranged
closely with a_very snall spaci.na to said antenna elenent .wi.th respect
to " Vavel RUERDBR Bxrhem ASEORAIRG. 18, Slatn Tanabeedih Baid irstr o
electrical |englh ot s9ld Lic8 235 LU iald element elnoesbd Lirs!

discretely or éontinuously control the impedance. It is

5 possible to give an effect to more precisely control
impedance of the antenna element.

The invention described in claim 5 provides an
antenna system according to claim 2, whereiﬁ said first
terminating circuit is provided with a function to

10 discretely or continuously éoﬁpxol the impedance. It is
possible to give an effect to more precisely and
independently control impedanqg in the first frequency
band without giving infiuénce on impedance in the second
frequency band of the antenna element.

'15 The invention describedzig'ciaim 6 provides an
antenna.system according to ciaim_3, wherein_at least one
~of said first terminating.circuit or said second
terminating circuit is providgé with a function to
'aiscretely or continuously control the impedénce. It is

20 possible to givé an éffect_tp more precisely and
independently control impedangg in the first frequency
band of the antenna'elemeﬁt'ané impedance in the second
frequency band without giving influence on each other.

The antenna system according to claim 7 comprises a

25 helical antenna to be operatéd when an antenna is

accommodated in a wireless device main unit, and a whip



wavel ength or its integral nmultiple and is term nated by a first

termnating circuit conprising a reactance el enment. Thus, it is

possi ble to provide an effect to control inpedance of the ant enna

el enent without changing 20 elenent |ength of the antenna el enent.

The invention described in claim?2 prOV|des an ant enna system
according to claim1, wherein said antenfa” - ‘“elenent is connected to a
wireless circuit haV|ng sai d ~ first frequency band and adselcondI .
frequency band i rst rasitic rkgne i s arranged closely w

a vgry d ngpl EBgciﬁngooggFg hﬁ& g eﬁPPhlﬁegﬁﬁbgrPUn from

ban sai ¢ .secon
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5 pass through said helical antenna. By adopting such an
arrangement, it is possible to give an effect to shorten
the element length and to increase the strength of the
antenna system while electrlcally insulating the helical
antenna and the whip antenna from ‘each other.

10 The invention described in claim 8 provideés an
antenna according to claim 7, wherein said helical
antenna has a connecting uniﬁ to be connected to a
wireless device circuit when the antenna is accommodated
in the wireless devicé'main uhit, said whip antenna is

15 artanged closely to said connecting unit and has a first
connecting unit to be connegted to a ground plane Wﬁen

_the antenna is accommodatea in.the wireless device main
unit and a second connecting unif to be connected to the
wireless device circuit when- the -antenna is withdrawn

20 from the main unit. By adoptiég such an arrangement, it
is possible to give an effect to avoid deterioration of
characteristics when the anteﬁna system is accommodated
in the wireless device main unit.

The invention described ip.claim'S provides an

25 antenna system according to claim 8, wherein there is

- provided a parasitic element arranged closely with a very



i nfl uence on inpedance in the second frequency band of t he antenna
el enent . The i nvention described in claim3 provides an 10
antenna system according to claim2, wherein there is provi ded a
second parasitic element, whereby said second parasitic elenment is
arranged closely with a very small spacing to said antenna el enent and
said first parasitic el ement with redpect to wavelength in said first
15 frequency band and sai d second frequency. band, real equi val ent
electrical length of said second parasitic ' = elenent in said first
frequency band §®akl SRacine i saikd whip jantennagidh Haspeste to eal
equi val ent electrical |ength of said second parasjitic elenment in said
second frequen®AVEkLnHdh Pt thptfnequensi kand repliad andedadd nul tipl e,
and sai d second, parasitic elenent is term nated by a_second
termnating ci RaFASEoMHrekemRPl ham A FRNG Hthunyk tos be congeedied e to
give an effect to indﬁgﬁggﬁgéhy control |, ,iqudan e in the first
frequency band % & 1#F © V13| & fEMiChHd T &OMBY 18389 dcond
frequency band wi t hout giving influepce on each other. |,
a y éi reactance e eﬁ%nt éhen sai&léilp antenna qs withdrawn
from the wireless device main unit. It is possible to
give an effect to control impedance of the whip antenna
without changing element length of the whip antenna. |
The invention described in c¢laim 10 provides an
10 antenna system according toiélaim'9, wherein said helical
antenna and said whip antenna are connected to a wireless
device circuit having a first frequency band and a second
frequency band applied, said parasitic element is
~arranged closely with a very small spacing to said whip
15 antenna with respect to wavelength in said first
frequency band and said second frequency band, real - -
_equivalent electrical length of said parasitic element in
said first frequency band is not 1/2 wavelength or its
integral multiple, and real equivalent electrical length
20 of said parasitic element in said second frequency band
is 1/2 wavelength or its integral multiple. By adopting
such an arrangement, it is possible to give an effect to
independently control impedance in the first frequency
band without exerting influence on impedance in the

25 second frequency band in the whip antenna.

The invention described in claim 11 provides an



8 The invention described in claim4 provides an ant enna
system according to claim1l, wherein said first termnating circuit
is provided with a function to di scretely or continuously control the
I npedance. It is 5 possible to give an effect to nore precisely control

| npedance of the antenna el enent. . The invention described in
claim5 provides an ant enna systemBccording to claim2, wherein said
first termnating circuit is provided with a function to 10

di scretely or continuously control the inpedance. It is possible to
gi ve an ef f ecantenndr acgprdiingl §oaadaim 10, ndbereirnthere obs rturtheedance
in the first frequency band w thout giving influence on_ inpedance in
the second ProvidgdeAc§esand paragitiatehemertengaid segond  The

i nvention described in claim6 provides an _°~ antenna system according to
claim 3, wherparagiticasieppnt is apranged ¢lesely ewithaaiveryismail or

said second gerninating circuit is provided with a function to
spacing to said whip antenna and said first parasitic

5 element with respect to wavelenéth.of said first
frequency band and said second frequency band, real
equiﬁalent electrical length of said second parasitic
element in said first frequency band is 1/2 wavelength or
its integral multiple, ahd real equivalent electrical

10 length of said second parasi;ié élement in said second
frequency band is nét 1/2 wavelength or its integral
multiple, and said.second pa:ésitic element is connected
to a connectiﬁg unit via a ci;duit network comprising a

- reactance elemenﬁ. By adopting'such an arraﬂgement, it is

15 possible to independently contfol impedance in the first

frequency band and impedance in the second frequency band

~without exerting influence on each other.

BRIEF DESCRIPTION-OE THE DRAWINGS
20 Fig. 1 is a block diagram;showing an arrangement of
an antenna system of a fir§t.§ﬁbodiment of the present
invention; | |
Fig. 2 is a drawing to explain operation of the
antenna system of the first-emﬁqdiment of the invention;
25 Fig. 3 represents a Smith chart to show impedance of

the antenna system of the first embodiment of the present



di scretely or continuously control the inpedance. It is 20 possible to
give an effect to nore precisely and I ndependently control inpedance
in the first frequency band of the antenna el enent and i npedance in

t he second frequency band wi thout giving influence on each other.

The antenna system according to claim?7 conprises a 25 helical antenna to
be operated when an antenna is accal®rodated in a wirel ess device main
unit, and a whip 9 ant enna
to be operated, when the antenna is withdrawn from the wrel ess device
main unit, whelRAEIRR hel i cal antenna and said whip antenna are
electrically insul ated fromeach _ other, and said whip antenna is
designed to 5 p5EyS-thrEEBRESENES nEadiatian RAREEINB L ddIR iARFRRH an
arrangenment, it is possihle to give an_effect to shorten . t he el enent
Fength and {0 SHRSGGE (HRS tFERG eispdiment of chie Bwerens, drRTRions

electrically insulglingthe DLEE) aiagraf"bE0RES"Sh NSl &N Gp3, TrOm

5 wireless device, to which the antenna system of the first
embodiment of the present invention is applied;

Fig. 6 is a block diagram showing an arrangement of
an antenna system'of a second embodiment of the present
invention; | |

10 Fid. 7A and Fig. 7B each represents a drawing to
explain operation of the antenna system of the second
embodiment of the present invention;

Fig. 8 shoﬁé a Smith éhart.showing impedance of the
antenna system of the second embodiment of the present

15 invention; | |
Fig. 9 represents radiation patterns of the antenna
_system of the second embodiment of the present invention;

Fig. 10 is a block diagram showing an arrangement of

a wireless device, to which the antenna system of the
20 second embodiment of the present invention is applied;

Fig. 11 is a block diagram showing an arrangement of
an antenna system of a third embodiment of the present
invention;

Fig. 12 is a block diagram showing an arrangement of

25 a wireless device, to which the antenna system of the

third embodiment of the present invention is applied;



10 The invention describedin claim8 provides an ant enna

according to claim7, wherein said helical ant enna has a connecting
unit to be connected to a wirel ess device circuit when the antenna is
acconmodat ed in the wireless device main unit, said whip antenna is
15 arranged closely to said connecting unit and has a first

connecting unit to be connected to a groddd.pl ane when - the antenna is
accommodated in the wirel ess device nmain ~unit and a second connecting
unit to be connected to the wreless device circuit when the antenna

is withdrawn 20 i H® A B4 1 13BPaclo HERFFSSIEA anbaPrkngddagran | t
o e Ot sl Lo ntsl & LRt 0R 2L ot fopgth
brovi dos an 2SWORABHRL o6 BEESFRG WETGMh 6. wher el n there |3
%O\/i ded a parasit iF%.ge.l el%ntanad’ rFaingg.ech(H Oesé%li'}/ rvg;}rr]es%n % % concrete
5 example of a terminal circuit used in the antenna system
of the fourth embodiment of the present invention;
Fig. 15 is a block diagraﬁ showing an arrangement of
a wireless device, to which thg antenna system of the
fourth embodiment of the present invention is applied;

10 Fig; 16A and Fig; 16B each represents a block diagram
of an antenna system of a fifth embodiment of the present
invention; |

Fig. 17 is_é block diagram'showing an arrangement of
a wireless device, to which the antenna system of the
15 fifth embodiment of the present invention is applied;
Fig. 18 is a block diaé:aﬁléhowing an arrangement of
.én antenna system of a sixth;éﬁboqimeht of the present
invention;
) Fig. 19 is a block diagfaﬁ éhowing an arrangement of

20 - a wireless device, to which.the antenna system of the
‘sixth embodiment of the preséﬁf invention is applied;

Fig. 20A to Fig. 20D eagh'rep:esents an arrangement
of an antenna system of a seventh embodiment of the
present invention;

25 Fig. 21 shows an arranggmént of a wireless device, to

which the antenna system of the. seventh embodiment of the



smal | spacing to said whip antenna wth respect to wavel engt h of the
frequency band applied, and said parasitic el enent has a connecti ng
unit t.o be connected to a ground plane via a circuit network
conprising a 5 reactance el enent when said whip antenna is w thdrawn
fromthe wreless device main unit. It is p055|ble to gi ve an effect
to control inpedance of the whip antennal4 ~ without changing el ement

| engt h of the whip antenna. The invention described in claim10
provides an 10 antenna s sten1accord|ng to ‘claim9, wherein said helical
ant enna and saiRFSREH ‘@%/ﬂﬁ‘-% S ARRIYEY to a wirel ess devi ce

circuit haV|ng a flrst f%f uenc ban and absecond frequenc band
applied, said parasit9t a5 n‘tﬁ&F?ﬁ% Py an Shal |

spacing to said 15 anten Wi res t vel ength in said first
frequency band %‘Eﬁ%%‘g@orﬁi’ q:ﬁgh@eﬂ hr@ﬁigad “gqﬁ?lfva

el ectrical Ien% th of salqﬁgﬁpa5|t|c el enent |n said first frequency
band is not 1/ integral multiple, and real

equi val ent Iectr| th 20, of, sald parasitic eI : i d second

frequency bi Jv\?'a\)ael%‘??dflrp%r (SRR oRe 19“p|°«% i&? adopt i ng

such an arrangem;__ennal syI Sf lQ:hee te%.g%t\ﬁe E%r{iao%lfn.fmee% o% the present
invention;

Fig. 24 shows an arrangement of a wireless device, to

which the antenna system of the eighth embodiment of the
10 present invention is applied}

Fig. 25 to Fig. 25C each represents an arrangement of
an antenna system of a ninth embediment of the presenﬁ
invention; | | | |

Fig. 26 is to explain opefation of the antenna system

15 of the ninth embodiment of the_present invention;
Fig. 27 shows an arrangement of a wireless device,'to
~which the antenna system of the ninth embodiment of the
present invention is applied; -
) Fig. 28A to Fig. 28C each represents an arrangement
20 of an antenna system of a tenth embodiment of the present
inventien; a

Fig. 29A and Fig. 29B-eacn=represents a drawing to
explain operation of the antenna_system of the tenth
embodiment of the present invention;

25 Fig. 30 shows an arrangement of a wireless device, to

which the antenna system of the'tenth embodiment of the



I ndependently control inpedance in the first frequency band w t hout
exerting influence on inpedance in the 25 second frequency band in the
whi p ant enna. The invention described in claim11l provides an
antenna according to claim 10, wherein there is further provi ded a
second parasitic elenment, said second parasitic element is arranged
closely with a very snall spaci ng tlé.said whip antenna and said first
parasitic 5 element with respect to wavel ength of said first

frequency band and sai d second frequency band, real equi val ent

el ectrical |end¥esAnkdnyvenc ¥rapRkied; . element in said first
frequency band is 1/2 wavel ength, or itsintegral nultiple, and real
equi val ent el ectri &9+ 1912 | e gt 49 0f3 LG AR HRFERAHS @k ATARGAMEDE sai d
second frequency band is not 1/2 wavel ength or its  integral

nul tiple, and &f &%@m%r%tt% ﬂ_éﬁrﬁlﬁvf%ﬁ&?@éd@ent of the

present invention;

5 Fig. 32 shows an arrangement of a wireless device, to
Which the antenna system of the eleventh embodiment of
the present invention is applied;

| Fig. 33 shows an arrangement of a conventional type
antenna system when an antenna element is withdrawn;

10 Fig. 34 shows an arrangémenf 6f the conventional typé
antenna 5ystem when the antenna element is accommodated
in the system; and

Fig. 35A to Fig. 35C each represents an arrangement
of a conventional separate'type helical-whip antenna..

15

BEST MODE FOR CARRYING OUT THE INVENTION
In the following, description will be given on the
best mode of the éresent invéntion referring ﬁo Figs. 1
go 32.

20 (1st Embodiment)

| Description will be given”now on an antenna system of
a first embodiment of the present invention reférring'to

. Figs. 1 to 5. |
Fig. 1 shows an arrangemenf of an antenna system of a
25 first embodiment of the present invention, in which the

antenna system of the first embodiment of the present



to a connecting unit via a circuit network conprising a react ance

el emrent. By adopting such an arrangenent, it is 15 possible to

i ndependent|ly control inpedance in the first frequency band and

i npedance in the second frequency band wi t hout exerting influence on
each ot her. BRI EF DESCRI PTI ON OF THE DRAW NGS 20
Fig. 1 is a block diagram showi ng an arrgggenent of - an antenna system
of a first enbodi mrent of the present i nventi on; Fig. 2is a
drawing to explain operation of the antenna system of the first
enbodi ment of timwdmhient iien;apfied to B ghip meymemn@nts a Snith chart to
show. i npedance of the antenna systemof the first enbodi nent of the
present - - A whip antenna 40 comprises anlantenna elememt ¢d; and
Fig. 4 represents radiation patterns of the antenna system of the
first enbodi ne@ (fFinsty pegesittionedenient; 42. The antenna element 41

and the pa:asitic element 42 are held within a casing 40A
5 made of synthetic resin (shown by dotted line). Instead
of the casing 40A, these elements can be arranged in a
tube or on a printed board. Here, the antenna element 41
is connected to a connection terminal 44 leading to a
wireless circuit operated in a (first) frequency band A
10 via a matching.circuit 43._-The:matching circuit 43
possesses impedance converting.characteristics for
cdnverting impedance of the antenna element 41 to
impedance of a wireless circuit connected to the
connection terminal 44 in the frequency band A. The

15 matching circuit 43 may comprise lumped constant elements

such as inductor, capacitor, etc. or distributed constant- - - -

. elements such as strip line.
The parasitic element 42 has real equivalent
electrical length of 1/2-wave;ength or its integral
20 multiple in thé frequency band A and terminated by a
(first) terminatiﬁg circuit 45.comprising a reactance
element. The terminating circuit may comprise lumped
constant elements such as inductpr, capaéitor, etc. or
distributed constant elementé such as strip line. Because
25 the terminating circuit 45 has an arrangement similar to

that of the matching circuit 43, these two circuits are



Fig. 5is a block diagramshow ng an arrangenent of a 5 wreless device,
to which the antenna systemof the first '~ enbodinent of the present

i nvention is applied; Fig.- 6 is a block diagram showi ng an
arrangenent of an antenna system of a second enbodi nent of the present
I nvention; 10 . Fig. 7A and Fig. 7B each represents a drawing to
expl ai n operation of the antenna systenl®f the. second enbodi nent of

t he present invention; Fig. 8 shows a Smth chart show ng

i npedance of th ntenna_system of .t he second enbodi ment of the
present 15 Fﬁ?&ﬁFFSngY thesahe ?Vﬂgoé presents radi ati on patterns of

Fi'g. 1015 a bl ocki8ad 4 Snatatd dn t5r ERRIaMEnpEsFatioR 82 Ehel cuc” "
device, to whi th t f. _the . 2Q. di t.of th
or esent i nventhbAnRe SRpERBGo” TheeSksbrEnnodinaREE EHR BRARFAR <how ng
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arrangemegt of n2Rna®elbh8hES1196W i Ene! BallL i 18 "E1 BRESE "E2 SWRES MR E e
frequency electrig power of the frequency band A is
supplied to the_antenna element 41. The same component as
in Fig. 1 is referred by the same symbol. Reference
numeral 48 represeﬁts a metal'plate simulating a housing

10 of wireless device, and it is 129 mm and 32 mm in
longitudinal and lateral dimensiqns.:espectively. The
antenna element 41 has eleﬁepf Iength of 95 mm and the
parasitic element 42 has e;eﬁént”length of 79 mm. Both
are made of metal wire of 0.5 mm in diameter, and these

15 are arranged with a spacing df'l mm. Center frequency fA
of the frequency band A is set to 948 MHz. Expansion on .
“the shaded portion indicates value of electric current on
element of the antenna element 41 of the parasitic

. glement 42. _ |

20 A part of the high frequency power of the frequency
band A supplied to the antenné element 41 ié induced on
the parasitic element 42. Bedause the real equivalent
electrical length of the parasipic element 42 with
respect to the fréquency band A is about 1/4 wavelength,

25 current distribution at the connecting point of the

parasitic element 42 and the ferminating circuit 45



third enbodi nrent of the present invention is applied;

13 Fig. 13A and Fig. 13B each represents a bl ock di agram
showi ng an arrangenent of an antenna systemof a fourth enbodi nent of
t he present invention; " Fig. 14A and Fig. 14B each represents a
concrete 5 exanple of a termnal circuit used in the antenna system

of the fourth enbodi ment of the present inpgention; Fig. 15 is a
bl ock di agram showi ng an arrangenent of a wreless device, to which

t he antenna system of the fourth enbodi nent of the present invention
is applied; 1Oreachebi maxifimandnd §igh6Ereguencygpcaseant 49bfbows deagram
of an antenna systemof. a fifth enbodi mrent of -the present I nventi on;
Fig. 17 is a bl tbhe vixglesssdewice housingnd8nwia the termianatirgess
device, to which the antenna systemof the 15 fifth enbodi nent of the
present inventioarcei&ppbi.ed;

The high frequency current 49 flowing to the wireless

5 device housing 48 exerts influence on impedance of the
antenna element 41. Because amplitude and phase of the
high frequency current 49 can be controlled by impedance
of the terminating circuit 45, it is possible to
indirectly control impedance of the antenna element 41 by

10 controlling impedance of the terminating circuit 45.

Fig. 3 is a drawing to explain operation of the
antenna system of the first embodiment of the invention,
and impedance of the antenna glemént 41 with fespect to
impedance of the terminating circuit 45 in the

15 arrangement of Fig. 2 is shown on a Smith chart. In this
chart, impedance of the terminating circuit 45 is changed

- from +325Q via infinity to -j25Q. Markers shown by back
circles each represents impedance of the antenna element
41 when fA = 948 MHz (where fA represents center

20 frequency of the frequency bapd A). By varying impedance
of the terminating circuit 45 and by_chénging amplitude
and phase of the high frequency current flowing to the
housing 48 from the parasitic element 42, impedance can
be controlled within wide range. from inductive impedance

25 to capacitive impedance.

Fig. 4 is a drawing to explain operation of the



Fig. 18 is a block diagram show ng an arrangenent of an antenna system
of a sixth enbodi nent of the present I nventi on; Fig. 19 is a

bl ock di agram showi ng an arrangenent of 20 a wireless device, to which

t he antenna system of the si xth enmbodi nent of the present invention is
appl i ed; Fig. 20A to Fig. 20D each represents an arrangenent

of an antenna system of a seventh embodil®ent of the present invention;

25 Fig. 21 shows an arrangenent of a wireless device, to whi ch

pas 2D, CEHEHR, AT hf TR el of s dgventionyc cach

crbodi men; of i 1 Febleacnty o B BHttenE ol Brdelogar, g

to explain oPehR A &fsdlos tn G AN Bala st db RGNt of
impedance of the termihating circuit 45 in the

"5 arrangement of Fig. 2. B |

Radiation pattern diagram is a diagram showing
directivity, which ié one of the important |
characteristics of antenna. Using the position of antenna
as origin of coordinates, the diagram shows how much

10 energy is radiatedlin'which'di:ection by the antenna in
each of planes XY, YZ and ZX.. Here, impedance of the
terminating circuit 45 is chéﬁged from +j25Q via infinity
to —jZSQ._ _ _

Radiation characteristics on the plane XY shows non-

15 directional characteristics as desirable for an antenna
for a“portable wireleés devicg. In gene;al, by adding a
parasitic element to an antenné.e;ement, it is possible

to provide directional_charagtg;istics to the antenna,
and this is known.in examples.s&ch as Uda-Yagi antenna.

20 In the present invention, the.;pacing between the antenna
element 41 and the parasitié'elemént 42 is sufficiently
short compared with the Wavelehgth of the frequency bapd
A, and non-directivity.i$ achieved without adding the
parasitic elemenf 42.

25 In the radiation characteristics on the planes YZ and

ZX, radiation pattern is slightly changed by varying



I nvention; Fig. 24 shows an arrangenent of a wireless device, to
whi ch the antenna system of the eighth enbodinent of the 10 present

i nventi.on i s applied; Fig. 25 to Fig. 25C each represents an
arrangenent of an antenna system of a ninth enbodi nent of the present

I nventi on; Fig. 26 is to explain operation of the antenna system
15 of the ninth enbodi nent of the preser0 i nventi on; ' Fig. 27
shows an arrangenment of a w rel ess device, to whi ch the antenna system
of the ninth enbodi nent of the present |nvent|on i s _applied;

Fig. 28A to Fi dmpesianag it dhe emminating sigawdt 4530 Tblsahsa‘h@'éﬁﬂd
system of a tenth enbodi.nent of the present ~invention;

29A and Fig. 2%y &t atdnnehtthe Mg fpquency cusyemg rﬂ@p)'é-PSt t@ntbﬁ the
antenna system of the tenth ~enbodi nent . of the present invention;

Fig. 30 shows Mirslesfydasicehousing 4k depandiag o mpedmr:ehoihehe

ant enna systenlof the tenth enbodi nent of the
terminating circuit 45.

5 However, the high frequeney current 49 flowing from
the parasitic element 42 via the terminating circuit 45
to the wireless device housing 48 exerts very little
influence on radiation characteristics. Even when the
impedance of the terminatihg'Circuit 45 is changed from

10 +525Q ahd,impedance of_the.anfenna element is controlled
from +116° to -138° in phase, ;adiation patterns on the
planes YZ and ZX can still maintain similarity.

Fig. 5 is a block diagram showing an arrangement of a
wireless device, to which the antenna system of the first

15 embodiment of the present invention is applied. The same
component as in Fig. 1 is reférred by.the same symbol.
.Here, a circuit 81 comprises a switch 82, a transmitting
circuit 83, an oscillation circuit 84, a receiving
circuit 85, and a control circuit 86. In such an |

20 arrangement, impedahce of whip antenna can be controlled
by adjusting the whip antenna.iength and the given
dimension of wireless device housing. As a result,
satisfactory matching condition can be attained, and
mobile communication of high quality and stability can be

256 accomplished.

(2nd Embodiment)



present invention is applied,; Fig. 31Ato Fig. 31C each
represents an arrangenent of an antenna system of an el eventh

enbodi ment of the present invention; 5 Fig. 32 shows an
arrangenment of a wireless device, to whi ch the antenna system of the
el event h enbodi nent of the present invention is applied;

Fig. 33 shows an arrangenent of a convemﬂlnuﬂ type ant enna system
when an ant enna elenent i.s withdrawn; : -Fig. 34 shows an arrangenent

accommaated i ﬁﬁesgs&ﬁrﬁﬁ””aﬁﬁifﬁr”@ﬁ”ﬂf&*i@ G SEH .
ontenna. 15 o8 e”ﬁgﬁt ofaf el sfi Walifof rdidd et P
1 e oL o nge PESCHEBRLSD thibnblof] "FOcBBrIAY o rid™¥ PUS! H°
Fig. 6 is a drawing to explain an.arrangement of an
5 antenna system of the second embodiment of the present
invention, where the antenna systém of the second
embodiment 6f the present invention is applied to a whip
antenna. Ih the description given below, it is supposed
that center frequency of a firéf frequency band A is fA
10 and center frequency of a second frequency band B is fB
and that fA < f£B, while description is also applicable
when it is supposed thatlfA > fB.

A whip antenna 90 comprises an antenna element 91 and
a (first) parasitic element 92; In this case, the antenna

15 element 91 is connected via a matching circuit 93 to é
connection terminél 94.leadin§ to a wireless circuit. On
_the other hand, the matéhing circuit 93 has double-humped
characteristics to convert impgdapce éf the-antenna
element 91 to a desired impedanée in the first frequency

20 ﬂﬁnd A and the second freguenéf band B.

The‘matching circuit 923 may'comprise lumped constant
elements such as inductor, cépacitor, etc. or distributed
constant elements such as strip line. The real equivaient
electrical length of the parasitic element 92 in the

25 first frequency band A is not 1/2 wavelength or its

.integral multiple, and real equivalent electrical length



to 32. 20 (1st Enbodinment) Description will be given now on an
ant enna system of a first enbodi nent of the present invention
referring to Figs. 1 to 5. : Fig. 1 shows an arrangenent of an
antenna systemof a 25 first enbodi ment of the present invention, in

whi ch the antenna system of the first enbodi nent of the present

16 invention is applied to a whip2htenna. - A whi p antenna
40 conprises an antenna el enment 41 and a (first) parasitic el enent

42. The antenna, el ement 41 and the parasitic,element 42 are held
within a casi ngltiophe seqerd freqyensithband &Bjks (Lhbwhrislengthe®n it .

| nst ead of , the casing  40A, these elenments can be arranged in a

tube or on a prinkedrabaraltiple, and HhiihnkeErtaied £y a2 (£3E8tdonnect ed

to a connection termnal 44 |eadjng to a , wireless circuit operated in
a (first) frequePeyinghipg, circuit 35, which comprises a reactance

element. |
5 The terminating circuit 95 may comprise lumped
constant elements such as inductor, capacitor, etc. or
distributed constant elements such as strip line. Fig. 7A |
and Fig. 7B each represents a drawing to explain
operation of the antenna system 6f the second embodiment
10 of the present invention, showing current distribution of
the antenna element 91 and the'parasitic element 92 in
the first frequency band A and the second frequency band
B. The same component as in Fig. 6 is referred by the
same symbol.
15 Here, reference numeral 101 represents a metal plate
simulating a housing of a wi;eiess device, and it is 129
'mm in longitudinal dimension and 32 mm in lateral
dimension. The antenna element 91 has element length of
95 mm, and the parasitic element 92 has element lethhlof
20 79 mm. Both.are made of metal wire of 0.5 mm in diameter
and are arranged with a spaciqg;of l'mm. Center frequency
fA of the first frequency band A is set to 948 MHz, and
center frequency fB of the second frequency band B is set
to 1907 MHz. |
25 Expansion on the shaded portion indicates value of

electric current on elements of .the antenna element 91



10 via a matching circuit 43. The matching circuit 43 possesses

I npedance converting characteristics for converting inpedance of the
antenna el enment 41 to i npedance of a wireless circuit connected to the
connection termnal 44 in the frequency band A The 15 matching circuit
43 may conprise lunped constant el enents such as inductor, capacitor
etc. or distributed constant el ementZd stch as strip line. The
parasitic elenment 42 has real eqU|vaIent electrlcal | engt h of 1/2

wavel engt h or |ts [ ‘the fr band A

termnated by #nd trh? f%"t‘%"’l‘ﬁufje‘? nrﬁ}iﬂ'ﬂé) #]T'c i"ﬁ 4 Hﬁ%fssf’ﬁﬁrﬁn eact ance
elenent. The te n1naI| circuit, m nstant l.ements
such as i nduct 12‘?1’ €ttche O%’nten afk ?g'd%stﬁ’fn '

such as strip Lin

45
arrangement si rﬁ]led?equgc Sﬁ‘?’hiﬁ%? #’féqrqé]f?gcl n Celc‘ﬁrc |ttlh4 %;5%2& t wo

circuits are frequency band A is supplled to the anfggna element 91.

5 A part of the high frequency power of the first
frequency band B supplied to the antenna element 91 is
induced on the parasitic element 92. Real equivalent
electrical length of the parasitic element 92 is about
1/4 wavelength with respect to the first frequency band A,

10 and current distribution reeches maximum at the
connecting point of the parasit@c element 92 and the
terminating circuit 95, and the high frequency current
102 flows to the wireless deviee;101 via the terminating
circuit 95. The high frequency current 102 flowing to the

15 wireless device housing 101 ekeéts influence on impedance
of the antenna element 91. Because amplitude and phase of
~the high frequency currenf 102 can be controlled by
impedance of the terminating ci;cuit 95, it is possible
to indirectly control 1mpedance of the antenna element 91

_20 by controlling the impedance of the termlnatlng circuit
95.

Nekt, Fig. 7B shows_current'distribution of the
antenna element 91 and the pa:esitic element 92 when high
frequency power of the second frequency band B is

25 supplied to the antenna element 91. Similarly to the

description for Fig. 7A, a pért,of the high frequency



referred by the same synbol M\ - Fig. 2is adrawing to explain

operation of the antenna system of the first enbodi nent of the

pr esent i nvention and represents current distribution on the 5
antenna el enment 41 and the parasitic elenment 42 when high frequency
el ectric power of the frequency band A is supplied to the antenna
el enrent 41. The sanme conponent as i2dFig. 1 is referred by the same
synbol . Reference nunmeral 48 represents a netal plate sinulating a
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dianeter, and these 15 are arranged with_a spacing of ., 1 nm Center
frequency fA Wlttbfr?fﬁeﬂeﬁ%em? %%?Riné\' f—’%?% ng¥% Nz . T98dbansi on on
e shaded por Lo IEbEE| eELLE P EhSEh 8, S LoblaPhio e SET, O
the hi gh frequency onery pf Lhee{ LS Yna the UhACHRP Ssthe Bf e
parasitic element 92 and the terminating circuit 95 is a
node of current distribution. Thus, the value of the high
frequency current 103 flowing to the wireless device
housing 101 via the terminating circuit 95 is much
10 reduced without depending ubonl;ﬁe impedance of the
terminating circuit 95.. For this reason, the impedance of .
the parasitic element 92 in the éécond frequeﬁcy band B
is determined by element leﬂgth of the antenna element 91
and by physical dimensions of fhe_housing, and it is
15 scarcely influenced by impedance of the terminating
circuit 95. _ |
\Fig. 8 is a diagram to explain operation of the
antenna system of the second embodiment of the present
invention, and it is a Smith(@ﬁa%t showing impedance of
20 the antenna element 91 with respect to impedance of the
terminating circuit 95 in the afrangement of Fig. 7A and
Fig. 7B. In this case, impedance of the términating
circuit 95 is changed from +j25Q via infinity to -j25Q.
Markers shown by black circles each'represents

25 impedance of the antenna elément 91 when fA = 948 MHz

(where fA is center frequency in the first frequency band



the parasitic el enent 42. Because the real equival ent el ectrical

length of the parasitic element 42 with respect to the frequency band
A is about 1/4 wavelength, 25 current distribution at the connecting
poi nt of the parasitic elenment 42 and the term nating circuit 45

18 reaches maxi nrum and high frequency current 49 flows to t he
W rel ess device housing 48 via the terniﬁétlng circuit 45. |

The high frequency current 49 flowing to the wreless 5 devi ce housing 48

T b B %?ES%SSE%%%EﬁaPquaS LU EEE B |
| e
Pl T2 Sonere S RN SR . i phepgishoeency,

d
gzgfaﬁﬂcgpgﬁatE@wﬁer@}ﬁgF CIrCL{:he dilreless dev1ce'%ou§1h§ 304" 2pbf9 to

the para51t1c'e1ement 92, impedgnce can be controlled
5 within wide range from inductiﬁe impedance to capacitivé
impedance.

A marker shown by x indicates impedance of the
antenna element 91 when £B = 1907 MHz (where fB
‘represents center frequency of the second frequency band

10 B). In the second frequenci band B, high frequency
current does not flow almost at all from the parasitic
~element 92 to~the wireless device housing 101, and it
does not depend'ﬁpon impedance 6f_the terminating circuit
95, and impedance of the éntenna element 91 undergoes
15 1little change. |

Fig._9A.and“Fig. 9B each.:epresents opération of the
antenna system of the second émbodiment of the present
invention, and theSe are radiation pattern diagrams
showing directional_charactéristics in the first

20 ffequency band A and the secoﬁd.frequency band B with
respect to impedance of the te;minating.circuit 95 in the
arrangement of Fig. 7. .Fig. 9A shows characteristics ip
the first frequency band A, and Fig. 9B represents
characteristics in tﬁe éecond frequency band B. '

25 Impedance of the terminating circuit 95 is changed

from +j25Q via infinity to -j25(). Radiation



antenna system of the first enbodi nent. of the invention, and i npedance
of the antenna elenent 41 with respect to - inpedance of the term nating
circuit 45 in the 15 arrangenent of Fig. 2 is shown on a Smith chart. In
this chart, inpedance of the termnating circuit 45 is changed
from+j25[err] via infinity to -j25[err]. Markers shown by back : '
circles each represents i npedance of the2@nt enna el enent 41 when fA =
948 MHz (where fA represents center 20 frequency of the frequency band

) o oo ATRERENS  sco o eIl AN IR RS AL S Y
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5 pattern is slightly varied by'chénging the impedance of
the terminating'circuit 95. This is caused by the fact
that high frequency current flowing to the wireless
device housing 101 is varied by impedance of the
terminating circuit 95.

10 However, the high fréguéncy current 102 or 103
flowing from the parasitic element 92 via the terminating
circuit 95 to the wireless device housing 101 gives
little influence on radiation characteristics. When
impedance of the terminatiné circuit 95 is changed from

15 ¥j25(2 via infinity to -j25Q in the first frequency band

A and impedance of the antenna element 91 is controlled

. from +116° to -138° in phase, radiation patterns on the
planes YZ and 2X can still maintain similar
characteristics. The same applies to the second frequency

20 band B.

.Fig; 10 is a block diagram showing an arrangement of
a wireless device, to which the antenna system of the
- second embodiment of the present invention is applied.
The same 6omponen£ as in Fig. 6 is referred by the same
25 symbol. A wireless device circuit 131 is a wireless

device circuit in charge of the first frequency band A



characteristics in the frequency band A wth respect to | npedance of
the termnating circuit 45 in the 5 arrangenent of Fig. 2. _

Radi ati on pattern diagramis a di agram show ng directivity, which is
one of the inportant characteristics of antenna. Using the position
of antenna as origin of coordinates, the diagram shows how nuch 10 .
energy is radiated in which direction by¢‘the antenna in - each of pl anes
XY, YZ and ZX. Here, inpedance of the termnating circuit 45 is

chargcrert ot) A, sekidhd tiddehay pand Bk 3 ik CoBRRLSERaRact or i ot § oo
desi ble for. QL . R [, ] | i N
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I nvention, th iSRRG tween the antenna el enent 41 and the
parasitic elegght ﬁfp%§R§Ufficiently short conpared with the
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impedance of the first frequency band B independently
from impedance of the second frequency band B. As a
result, in any of the first frequency band A or the
second frequency band B, satisfactory matching condition
10 can be attained, and mobile communication with high.
quality and stability can be achieved.
(3rd Embodimeﬁt)
In the folldwing, description will be given on an
antenna system of a third embodiment of the present
15 invention referring to Fig. li-and Fig. 12. Fig. 11 is a
block diagram showing an arrangement of the'antenné
~system of the third emquiment_of.the invention when the
antenna system of the third embédiment is applied to a
whip antenna. The same component as in Fig. 6 is referred
20 by the same symbol. |
In the description given below, it is supposed that
center frequency of the first frequency band A is.fA and
center frequency of the second_frequency bénd B is fB and
that fA < fB, while description is also applicable when
25 it is supposed that fA > f£B.

A whip antenna 140 comprises an antenna element 91, a



25 In the radiation characteristics on the planes YZ and ZX,
radi'ation pattern is slightly changed by varying

20 i npedance of the termnating circuit 45. This is caused by
variation of the high frequency current flowing to the Wi rel ess

devi ce housing 48 dependi ng on i npedance of .the termnating circuit
45, 5 However, the high frequencg8current 49 flowi ng from t he
parasitic element 42 via the termnating circuit 45 to the wirel ess
devi ce housing 48 exerts very little i nf] uence on radiatiqn -

char act eri sti cE1uSte Pafhitit element Ry ANd & S8FONde PRATAZALAS circuit 45
is changed from_ 10 +j25[err] and inpedance of _the antenpa el enent is
controlled ehﬁﬂﬁﬁ“ﬂhﬁ%fﬁ ey thgspatepna,elgaept Plgis:cenngated ke on.
t he pl anes YZ and ZX can stjll_maintain simlarity. ] Fig. 5
is a block di-adr SAMIRGHIRP PRIy dehileadipg to aw"%aeé%sdé?&rfe&,ltto

which th , fir, s . .
© anter‘lrr}_aa S.‘aysiz'{aetng:hoj]fngt Q:eleéx{lsé 142. The matching circuit 142 has

5 double-humped characteristics.to convert impedance of the
antenna element 91 to the desired impedance in the first
frequency band A and the second frequency band B.

The matching circuit 142 may comprise lumped constant
elements such as inductor, capacitor, etc. or distributed

10 constant elements éuch as sf;ip line. The second
parasitic element 141 has,reallequivalent electrical
length of 1/2 wavelength oriits-integral multiple in the
first frequency band A, and itg real equivalent
electrical length in the second frequency band B is not

15 1/2 wavelength or its integral multiple, and it is
terminated by a second terminating circuit, which has one
end of the element opeﬁed‘ana the other.end comprising a
reactance element. ' _‘~ _

) The second terminating circuit 144 may comprise

20 lumped constant elements such.és_inductor, capacitor, etc.
or distributed constan£ elements such as strip line. In
the above arrangement, high frequency current flowing
from the first parasitic elemehf 92 via the first
terminating circuit 95 to the_g;ound'is referred by

25 reference numeral 145, and higﬁ frequency current flowing

from the second parasitic elément 141 via the second



15 enbodi nent of the present invention is applied. The sane

conmponent as in Fig. 1 is referred by the sane synbol . Here, a circuit
81 conprises a switch 82, a transmtting circuit 83, an oscillation
circuit 84, areceiving - circuit 85, and a control circuit 86. In such
an 20 arrangenent, inpedance of whip antenna can be controlled by
adj usting the whip antenna | ength and tﬂ@'giVen di nensi on of wrel ess
devi ce housing. As a result, - satisfactory matching condition can be

attai ned, and . obi | e comunj catj on of. high qﬂfljty q?d Sﬂf?jlity can
be 25 acconprfefRAting °1f§%ﬁwE§%£d?9m§R§ grouhd' is Teferred by
21 [ n_the follomﬁng&ﬂg$cription w Il be given on an

arrangenent.cﬁr%SEEﬁH%%ﬁ%F%?g *a second enbodi nent of the present
expl ai n_an ar rangeeRtEbroEntRe Righnrzetierer, Ryveh Suird R dent of
the present anténna element 91 is induceé.bn the first parasitic
5 element 92 and the second paiééitic element 141. In the
first frequency band A, real equivalent electrical length
of the first parasitic element 92 is different from 1/2
wavelength or its integral multiple. Thus, the connecting
point of the first parasiti¢ element 92 and the first
10 terminating circuit 95 is not a node of current
distributioq, and high frequeﬁcf current 145 flows via
the first terminating circuit 95 to thé ground.
On the other hand, real equivalent electrical length
of the second pafasitic~elemént 141 is 1/2 wavelength or
15 its integral multiple. Accordingly, the connecting point
of the second parasitic element i41 and the second
. terminating circuit 144 is a.node of current distribution,
and the high frequency current 146 does noﬁ depend on |
.impedance of the second terminating circuit 144 and does
20 not flow almost at all; Impedance of the antenna element
91 undergoes influence from thg:high frequency current
flowing to the ground. Because émplitude and phase of the
high frequency current 145 caq be controlled by impedance
of the first terminating circuit 95, it ié possible to
25 indirectly control impedance of the first frequency band

A of the antenna element 91 by controlling impedance of



I nvention, where the antenna system of the second enbodihent of the

present invention is applied to a whip antenna. In the description
given below, it is supposed that center frequency of a first frequency
band Ais fA 10 and center frequency of a second frequency band B is fB

- and that fA < fB, while description is also applicable when it is

. supposed that fA > fB. A whi p ar8lenna 90 conpri ses an antenna

~ element: 91 and a (first) parasitic element 92. In this case, the

~antenna 15 element 91 is connected via a matching circuit 93 to a
connection ter rth@l £oust cherMENABing \FHEFREE Wrcuit. On t he ot her

hand, the matching circuit 93 has _doubl e- hunped characterjstics to
convert inpedance ofntfbeafieeand frequengyehand 1By (reatRIY R I$Hedance in
the first frequency 20 _band A and the second fr

The mat chi ng ci‘F%‘Eﬁ'f—r%alra%/e’éﬁ)%r?%etm%mE&H%Jgfgyell%]eg}éﬁ% ifich as
i nductor, capacitor, etc. or distributed constant ele ts such as
strip line. Thelé%a‘?’a%ﬁlufvﬁpén‘?r its @%%?F?%d}',‘lf‘a*ﬁ]?f dn Sarasitic
o eE 92 L e 2 L S SR PO M P AR PP 11
the first terminating circuit 95 is a node of current
distribution, and the high frequency current 145 does not
depend on impedance of the first terminating circuit 95
and does not flow almost'at all.
10 On the other hand, real.equivalent electrical length
of the second parasitic elemeﬁt 141 is different from 1/2
- wavelength or its integral multiple. Thus, the connecting
point of the second parasitic é;ement 141 and the second
terminating circuit 144 is not a node of current
15 distribution, and the.high frequency current 146 flows to
the ground via the second terminating circuit 144.
‘Because amplitude and phase of the high frequency current
146 can be controlled by”impedahce of the second
pgrminating circuit 144, it is possible to indirectly
20 contrdl impedance of the secoﬁd-freqﬁency band B of the
antenna element 91 by controlling impedance of fhe second
terminating circuit 144. |
Fig. 12 is a biock diagram showing an arrangement of
-a wireless device, to which thé'antenna system of the

25 third embodiment of the present invention is applied. The

same domponent as in Fig. 10 and Fig. 11 is referred by



22 in the second frequency band B is 1/2 wavel ength or its

integral nultiple, and it is termnated by a (first) term nating
circuit 95, which conprises a reactance el enent . 5 The
termnating circuit 95 may conprise | unped constant el enents such as
I nductor, capacitor, etc. or di stributed constant el enents such as
strip line. Fig. 7A and Fig. 7B eacBlrepresents a drawing to explain
operation of the antenna system of the second enbodi nent 10 of the present
i nvention, show ng current distribution of - the antenna el enent 91 and
the parasitic &hemsameyBympol. Byhthei aboveraguanggmenhd it ahe poesillend
frequency band . B. The sane conponent as in Fi 6 is referred by the
sane synbol. 1% indepgndently coaiael,dmpedancs) o %eﬁh@s@hf§tafﬁéﬂaﬁn§Yate
sinulating a hou5|n wirel ess deV|ce and it is 129 mmin

| ongi t udi nal %o@%&hsez s@eond |Exeguency band B. As a result, in

any of the first frequency band A and the second
5 frequency band B, satisfactory matching condition can be
attained, and mobile communication with high quality and
stability can be achieved.
(4th Embodiment)
In the following, description will be given on an
10 antenna system of a fourth embodiment of the present
invention, referring to Fig. 13A to Fig; 15. Fig..13A and
Fig. 13B each represents an a?rangement of the antenna .
system of the fourth embodiment of the present invention,
where the antenna system of the fourth embodiment of the
15 present invention is applied to a whip antenna. The same
| component as in Fig. 1 is referred by the same symbol. -. - .

Fig. 13A shows an arrangement example where impedance
components are discretely controlled. A switch 161
anitches over a terminating circuit 162 and a terminating

20 circuit 163 having different impedance values according
"to a signal added to a contrcljterminal 164.

Fig. 13B shows an arrangement.example where impedance
components are continuously controlled. Here, a
terminating circuit 165 is a terminating circuit, which

25 can continuously vary impedance, and it can be controlled

by control voltage applied on a control terminal 166.



di rensi on. The antenna el enent 91 has el enent |ength of 95 nm and the
parasitic elenment 92 has elenent length of 20 79 mm Both are nade of
metal wire of 0.5 mmin dianeter and are arranged with a spacing of 1
mm Center frequency fA of the first frequency band Ais set to 948
MHz, and center frequency fB of the second frequency band B is set

to 1907 MHz. 25 Expansi on on the sh3fled portion indicates val ue of
electric current on elements of the antenna el enment 91

23 and the parasitic elenment 92. Fig. 7A shows current

distribution of theFagrehAd andnEihg-9l4Bngachergprasente a diageamemt 92
when hi gh frequency power of the first ‘frequency band A is supplied
to the antenna ©F ayrangement apd aperatiencof gfie faRkRRNR \SYRR of
the first frequency band B supplied to the antenna elenent 91 is

i nduced on t he 9hrblet feusthnprpodimeng pf e \Rresent invention,jand

| ength of the pﬁgasitic el enent. 92 is about -
these diagrams show concrete arrangement examples of the

5 (first) terminating circuit 160 of Fig. 13A and the
(first) terminating circuit 165 of Fig. 13B. The same
component as in Fig. 13A or Fig. 13B is referred by the
same symbol. |

Fig. 14 represents a concrete example of the (first)

10 terminating circuit 160 haéing function to discretely
dontrol the impedance. The (:irst) terminating circuit
160 cohprises a PIN diode 171, an inductor 172, and an
RFC 173, and it can have two types of impedance, i.e.
inductive impedance and openfcircuit impedance depending

15 upon whether theré is electric'current flowing to the
control terminai 164 or not.

Fig. 14B shows a.concrete example of the (first)
terminating circuit 165 having function to continuously
control impedance. The (first) terminating circuit 165

20 comprises a variable capacitance diode 174 and an RFC 173,
and it can have capacitive impedance, ﬁhich can be
continuouély controlled by voltage applied on the cohtrol
terminal 166. |

Fig. 15 shows an example éf an arrangement.of a

25 wireless device, to which the antenna system shown in.Fig.

13A (among the antenna system of the fourth embodiment of



1/ 4 wavel ength with respect to the first frequency band A,

10 and current

di stribution reaches maxi num at the connecting point of the parasitic
el enent 92 and the termnating circuit 95, and.the high frequency
current 102 flows to the wirel ess device 101 via the term nating
circuit 95. The high frequency current 102 flowing to the 15 wreless
devi ce housing 101 exerts influence on i dance of the antenna

el ement 91. Because anplitude and phase of - - the high frequency current

102 can be cont gLl gfolitor 3 nvElREARICEsCLebIEher Hk i |

I S possible I'réc ance o

enn %quen%S

EITEI‘I

20 by controllj HgFige an aﬁggrl%3Ph§st§%ﬂbﬁﬁé&nﬂyc “éémeeﬁ%yﬁg} 91 and

Next, Fig. 7B s urren drs I on O

to the antenna el e

enna

e parasi Ll HEPE]" 3 361P070:01 Gy ice chEERUENTH PO ’E%ﬁé f o2 S

frequency band

the descri pgyon, f€£aﬁ£ﬂlt€fng cE?&ﬁlefléﬁe 8h WsE I PINEIGY circuit

5 184, a receiving circuit 185, and a control circuit 186.

With the above arrangement, impedance of the (first)

terminating circuit 160 can be discretely controlled by a

control signal from a control unit 186 of the wireless

device circuit 181. As a result, it is possible to more

10 - precisely control impedance of thé antenna element 41,

and mobile communication with high quality and stability

can be achieved.

(5th Embodiment)

In - the following,'description will be given on an

15 antenna of a fifth embodiment Qf_the present invention

referring to Fig. 16A and Fig. 16B. ‘Fig. 16A and Fig. 16B

each represents an arrangement of the antenna system of

the fifth embodiment of the invention, where the antenna

system of the fifth embodiment of the present invention

20 is applied to a whip antenna; The same component as in

Fig. 6 is referred by the same symbol.

Fig. 16A shows an arrangement example where impedance

components are discretely controlled. Here,

a switch 191

switches over a terminating circuit 192 and a terminating

25 circuit 193 having different impedance values according

to a signal added to a control terminal 194.



24 power of the second frequency band B supplied to the

antenna elenent 91 is induced on the parasitic el enent 92. Wth
respect to the second frequency band B, real equi val ent el ectri cal

| ength of the parasitic elenment 92 5 is about 1/2 wavel ength, and the
connecting point of the parasitic elggment 92 and the term nating
circuit 95 is a node of current distribution. Thus, the value of the
hi gh frequency current 103 flowing to the wirel ess device housi ng

101 via the term nagigg D68 Gshdwdan sariigenicéht rexchigsie Widye tinpedandeng
upon the inpedance of the . termnating circuit 95 For this reason, the
i npedance of  compgdiferiay antd icor s 132 dontied 1xel.onHetegqaency band B
is determ ned by elenent Iength of the antenna-elenent 91 and by
physi cal di mendeyiimitime digtaiitg, 1¥50ds ta iternimatingy cdirewinf,| whdedd by
i npedance of the term nating circuit 95. . Fig. 8 is a diagram
to explain operain @onfindomsly vary erhen imygsidancef, tanel secaan debodi ment of
t he present invention, and it is a Smth chart show ng i npedance -of
20 the ant®nnzontaydifed byviddntmslpeciltaye mppddede onf at leentrol
terminal 196. A concrete example of the terminating
circuit shown in Fig. 14 above can be applied to a
(first) terminating circuit 190 and a (first) terminating
circuit 195.
10 Fig. 17 represents an ar:qhgement example of a
wireless device, to which the "antenna system of Fig. 16B
(among the antenna system of the fifth embodiment of the
invention) is applied. The same component as in Fig. 10
or Fig. 16B is referred by the same symbol. Here, a
16 wireless device circuit 201 comprises a switch 202, a
~ transmitting circuit 203, an_oscillation circuit 204, a
receiving circuit 205, and a control circuit 206. With
the above arrangement, - impedance of the (first)
terminating circuit 195 can be controlled by a control
20 éignal from a control unit 206'of_the wireless device
circuit 201. |
As a result, it is possible to preciseiy control
impedance of the first frequency band A independently
from impedance of the second frequency band B. As a

25 result, in any of the first frequency band A and the

second frequency band B, satisfactory matching condition



termnating circuit 95 in the arrangenent of Fig. 7A and Fig. 7B. In

this case, inpedance of the term nating circuit 95 is changed from
+j25[err] via-infinity to -j25[err]. Mar kers shown by bl ack
circles each represents 25 inpedance of the antenna el enment 91 when fA =
948 MHz (where fA is center frequengg in the first frequency band

25 A). By changi ng i npedance of th&Ytermnating circuit 95 and
by varying anplitude and phase of the high frequency current flow ng

to the wrel es%aﬁ’xe‘ﬂec%qﬁ%eligié%' v]‘\aandh?“;?%v%lge ceéu%nggi?%rﬁ%!nt %ﬁ.t ! TELs) 92,

| npedance can be contro rom i nducti VeI npedance

to capacitive 1itRP e R abilit PRI eS2QWN by x indicates
I npedance of tﬁga * gpantenng'e:llelhg}l'[(:a 1 whgn-#ﬁ = 1907 Mz (where fB

represents centigk fhﬁﬁuﬂﬂﬁé fy the second frequency band 10 B). In the
second frequengy gan B, |€ﬁ)frequency © .current does not flow al nost

at all fromthe parmgsidle following, description will be given on an
| 5 antenna system of a sixth embo&iment of the present
invention referring to Fig. 18 to Fig. 19. Fig. 18 is a
block diagram to explain an arrangement of an antenna
system of the sixth embodiment of the invention, where
the antenna system of the sixth embodiment of the present
10 .invention is applied to a whip antenna. The same
componenf as in Fig. 11 is refer:ed by the same symbol.
Fig. 18 shows an arrangeméht.example comprising a
- first terminating circuit 210 and a second terminating
circuit 215 having function to discretely control
15 impedance components. Reference numerals 214 and 219 each
represents a,coﬁtrol terminal. By applying discrete
_Signal to these terminals, it is possible to control
impedance of the first terminating circuit 210 and the
second terminating circuit 215. To the first terminating
20 éiICuit 210 and the second terminating circuit 215,
concrete example of the terminating circuit of Fig. 14
can be applied. Either oné or boﬁh of the first
terminating circuit 210 and the second terminaﬁing
circuit 215 ﬁay be designed iq'such manner that impedance
25 components can be continuously controlled.

Fig. 19 represents an arrangement example of a



element 92 to the wirel ess device housing 101, and it does not depend
upon i npedance of the termnating circuit 95, and inpedance of the
antenna el ement 91 undergoes 15 |little change. Fig. 9A and Fig.
9B each represents operation of the antenna system of the second
enbodi nent of the present I nvention, and these are radiation pattern
di agr ans showi ng directional characﬁ%&lstlcs in the first 20
frequency band A and the second frequency band B with respect to

G, oA hows. TG e (0 nith, ¢he Mycenna, BRERAERGCRS aiath o
9B represents embhodEMACY a?dl(i%d[n g.ﬂlgs§§ gngoﬁggﬂgggcg%ﬁf&j B. Erff i
26

| npedance of the termnating Circul ange
(e aek L 27 LI AL fhrren by, sh same gL e,
w1re1ess device circuit 221 comprlses a switch 222, a
5 transmitting circuit 223, an oscillation circuit 224, a
receiving circuit 225, and a control circuit 226. With
the above arrangement, it is possible to discretely
control impedance of the first terminating circuit 210 or
the second terminating circuit 215 according to a control
10 signal from a control unit 226 of the wireless device
circuit 221. As a result, in any of the first frequency
band A and the second freguency band B, it is possible to
precisely control impedance of the antenna element 91,
and mobile communication with high quality and stability
15 can be achieved.
(7th Embodiment)

Fig. 20A to Fig. 20D are to explain arrangement and
operation of an antehna systeﬁ of a seventh embodiment of
the present invention. In this embodiment, the antenna

20 - s&steﬁ of the present invention is applied to an antenna,
which can be accomquated in or withdrawn from a
telephoné set main unit. Fig. 20A.shows an arrangement of
an antenna system of the seventh embodiment of the
invention, Fig. 20B shows the antenna when it is

25 accommodated in the telephone set main unit, and Fig; 20c

shows the antenna when it is withdrawn from the telephone



characteristics desired for an antenna used for portable W rel ess

device in any of the bands. In radiation . characteristics on the

pl anes ‘YZ and ZX, radiation 5 pattern is slightly varied by changing the
| npedance of the termnating circuit 95. This is caused by the fact
that high frequency current flowng to the wreless devi ce housi ng

101 is varied by inpedance of the ~ trmnating circuit 95. 10

However, the high frequency current 102 or 103 flowng fromthe

. : ¥ : h
Gevi ce. housi ng 39%?%%2““‘@ H8 RO e & Eeﬁ&?%g' fekignag,vicw d168g°°°
changed from 12 %‘fe”] .‘?#f 40k " roERel BvaAc, éﬁsﬁoment L
.S controlle
Hg?nuig%[gfp]d to ?L@é ' p rad| %gﬁe% %ﬁ%teeéﬁgf%é‘dg hll"'pl anes YZ
and ZX can stild,¢@isy al (';BfBaEhese lé:t}fé%_%rgdlsﬁ %Ss m%tﬁﬁ(?a pplies to

t he second frequency ?O ram

showi ng an %VW% Cl;dl% 20 ascW{lfﬁﬁe e i ser{{t%n\mll Wt %Q‘toﬁ%ﬂ?ed

system of t second €nbodi nent |nve I on
into contact with the helical antenna and its feeding

unit.
An antenna 440 comprises a helical aﬁtenna 441 having

a ring-like feeding unit 442.(Fig. 20D) and a whip

10 antenna 443 having a feeding unit 444. The antenna 440
has a casing shown by solid line, enclosing the helical
antenna 441 and the whip antenna.443 in Fig. 20A. This
casing corresponds to the casing 40A shown by dotted line
in Fig. 1 and may be designed:as a container or a tube

15 made of synthetic resin. The wﬁip antenna 443 passes
through inner space of the helical éntenna 441, and the
~helical antenna 441 and the whip antenna 443 are
electrically insulated from each other. When the antenna
440 is accommodated in a télephone set main unit 448, the

20 helical antenna 441 is connected to a connection terminal
447 leading to a wireless device circuit via a feeding
unit 442, a connection member_(terminal) 445, and a
matching circuit 446 as shown in Fig.'ZOB. When the
antenna 440 is withdrawn from the telephone set main unit

25 448,-the whip éntenna 443 is connected to a connection

terminal 447 leading to the wireless device circuit via a



The sane conponent as in Fig. 6 is referred by the sane 25 synbol. A

W reless device circuit 131 is a wireless device circuit in charge of
the first frequency band A _ 27

and the second frequency band B, and it conprises a switch 132, a
transmtting circuit 133, an oscil | ation circuit 134, a receiving
circuit 135, and a control ci rcui t 3836. 5 Wth the above
arrangenent, it is possible to cont rol i npedance of the first

L;ﬁgu;ncxsbgndg idr}ggqrjend.ei:ln ‘%/ﬁwfé’fe from |cgpcti]fance of th%asﬁgczgggf{ﬁguency
ttai ned.- and MOSETEAG RAFAR "HF w th hi gh C°”3'utai "ty and stability can
\?\A’el ?Cglae\g/ﬁ\?én on a( {gd %td%%}% é’rﬁ%raé“ ttlrﬁ]% %&%%&%&@%&%&w o
present of the antenna system of the seventh embodiment and shows
5 an arrangement example of a wireless device provided with
the antenna system of Fig. 20A. The same component as in
Fig. 20A is referred by the same symbol.
Here, a wireless device circuit 50 comprises a switch
51, a transmitting circuit 52, an oscillation circuit 53,
10 a recéiving circuit 54, and a control circuit 55. By
adopting such an arrangement, it is possible to avoid the
increase of element length of the antenna 440 due to the
helical antenna 441 and to maintain the strength of the
- connecting unit between the hélical antenna 441 and the
15 whip antenna 443.
(8th Embodimenﬁ)
In the following, description will be given on an
arrangement of an antenﬁa system of an éighth embodiment
of the present invention referring to Fig. 22A to Fig. 24.
20 Fig. 22A to Fig. 22¢C eachlrepresents a diagram to explain
arrangement and operation of the antenna system of the
eighth embodiment of the present invention. In this
embodiment, the antenna system of the present invention
 is applied to an antenna, which can be accommodated in or
25 = withdrawn from a telephohe set main unit. Fig. 22A shows

an arréngement of the antenna system of the eighth



15 invention referring to Fig. 11 and Fig. 12. Fig. 11 is a bl ock

di agram showi ng an arrangenent of the antenna systemof the third
enbodi rent of the invention when the antenna systemof the.third

enbodi ment .is applied to a whi p antenna. The sane conponent as in Fig.
6 is referred 20 by the same synbol . I n- the description given
below, it is supposed that center fﬁgbuehcy of the first frequency
band Ais fA and center frequency of the second freqUency band B is fB

d that fA < t bl
Sﬂpposed thgt f?@g %%FGX@ of gﬁscr#§§%g n#éﬁ%% ﬁ%gpg ﬁ%?lggg gﬁ Xﬁtgﬁ
el enent 91, a

parasitic elene%?tiﬁpaém%e% %Ecbﬁdaﬁﬁ?ﬁﬁ???Eed in the ?é;ﬁPHQH? i%ﬁ(?a%qua
a0t enn o CTent B S8 P b enows, ofe SHRREFLA HhAF L, A 0
circuit 142 hasfrom the telephone set main unit.

5 An antenna 60 comprises a helical antenna 61 having a
feeding unit 62 and a whip antenna 63 having a feeding
unit 64 and a connecting unit 67 arranged closely to the
feeding unit 62. The'whip antenna 63 passes through the
helical antenna 61, and the helical antenna 61 and the

10 whip antenna 63 are electrlcally 1nsu1ated from each

. other. |
As shown in Fig. 22B, when the antenna is
accommodated in the telephone set,main unit 610, the
helical antenna 61 is connected to a connection terminal

15 69 leadiﬁg to the wireless device circuitlvia the feeding
unit, a connection member 65, and a matching circuit 68.

..The whip antenna 63 is short-circuited to a ground plane
via a connecting unit 67 and_a connection member 66. As
shown in Fig. 22C, when the antenna 60 is withdrawn from

20 the telephone set main unit 610, the whip antenna 63 is
connected to the connection terminal 69 leading to the
wireless device circuit via the feeding unit 64, the
connection member 65, énd the métching circuit 68.

Fig. 23 is to explain opgration of fhe antenna system

25 of the eighth embodiment of the present invention where

the antenna 60 is accommodated in the telephone set main



5 doubl e- hunped characteristics to convert inpedance of the ant enna

el ement 91 to the desired inpedance in the first frequency band A and
t he second frequency band B. The matching circuit 142 may
conprise | unped constant el ements such as inductor, capacitor, etc. or
.distributed 10 constant elenents such as strip |line. The second
parasitic elenent 141 has real equivalent46IectricaI | engt h of 1/ 2
wavel ength or its integral nmultiple in the first frequency band A, and
its real equival ent electrical length in the second frequency band B
is not 15 1/2upetel®dfth or its integral nultiple, and it is

terminated by a second terminating circuit, whjch has one end of the
el enent opened and t¥e RS %‘HEPQ:‘EﬁFb‘?l%"r n’gf‘a‘-‘lg 222 st FRferdednby t

The second termnating circuit 144 may conprise 20 |upped constant

el ements such a§aWﬁH&BF3F’-caH&SPtSFEQSFBCY P°WeSrSHPE£E?ﬂuF€BmCBh§tant

el ements such as strip |ine. the a rrangenment, high frequency
current flowﬁngconne4£ tqﬁ¥qﬁq%ﬂ ﬁ%ﬁ%&.q¥ %éﬁé% epna He i r st
termnating circquit 95 to t r.ound refe red erence numera
145, and high f PR UE R écafﬁ& BaPASPERC

el enent 141 via Epe %&e helical antenna 61.

The high frequency current induced on the whip
antenna 63 is divided at the connecting unit 67 to a
current passage 71 leading from the connecting unit 67

10 wvia the connection member 66 to the ground plane and-a
current passage 72 leading along the whip antenna 63 to
the feeding unit 64. Because the connection member 66 is
short-circuited.to the ground plane, high frequency
current induced on the whip antenna 63 flows to the

15 ground plane via the cﬁrrent.passage 71, and almost no
current flows along the cutrent.passage 72. For this

. reason, the wireless device circuit connected to the.
connection terminal 69 undergoes no influence from the
telephone set main unit 610 or a person carrying it-

20 within the range from the connecting unit 67 to the
feeding unit 64.

Fig. 24 shows an arrangement of the antenna system of
the eighth embodiment of the present invention, and this
is an arrangement example of a wireless device provided

25 with the antenna system of Fig. 22A. The same component

as in Fig. 21 or Fig. 22A is referred by the same symbol.



29 termnating circuit 144 to the ground is referred by

reference nuneral 146. A part of the high frequency power
supplied to the antenna elenment 91 is induced on the first parasitic
5 element 92 and the second parasitic elenent 141. In the first
frequency band A, real equival ent electring | engt h of the first
parasitic elenent 92 is different from 1/ - wavel ength or its integra
mul ti ple. Thus, the connecting point of the first parasitic elenment 92

and the first a#& h?%ﬁkp%%h%%dﬂ %%PEEr%?g%%gB?ﬁ itnqgep8gsiﬂgﬁggpinFain

di stribution, uency currieéen oWs VI a

termnating Cir%ﬂ!Ef%éf%ﬁ&%ﬂ%i%ﬁ%&ggetﬁrioratigncgftQﬁFQEQ% rggggciaﬁﬁ%g

equi val ent el ectrica the sécond parasitic ele

1/2 vavel ength Qe 1S o NECUAonlikinale® s AGCRLALARLK LOE GR8HGRLED
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termnating cirgyl bakitioh 2" YerRdt’ 6% tdeShhkBihhO8ystem of the
5 seventh embodiment as described above.
(9th Embodiment)

In the following, description will be given on an
antenna system of a ninth embodiment of the present
invention referring to Fig. 25A to Fig. 27. Fig. 25A to

10 Fig. 25C are to explain arrangement and operation of the
antenna system of the ninth embodiment of the present
. invention. Iﬁ this embodiment, fhe ahtenﬂa system of the
present inventibn is.applied Fo an antenna, which can be
accommodated in or withdrawn from a telephone set main
15 unit. Fig. 25A represents an arrangement of the.éntenna
system of the ninth embodiment of the present invehtioh.
..Fig. 25B shows the antenna when it is accommodated in the
telephone set main unit, and Fig. 25C shows the antenna
When_it is withdrawn from.the telephone set main unit. An
20 antenna 70 comprises a helical antenna 71 having a
feeding unit 72 and a whip antenna 73, which has a
feeding unit 74, a connecting unit 77 arranged closely to
the feeding unit 72, and a connecting unit 714 arraﬂged
closely to the feeding unit 74.  The whip antenna 73
25 passes through the helical antenna 71, and the helical

antenna 71 and the whip antenna 73 are electrically



~and the high frequency current 146 does not depend on | npedance of the
second termnating circuit 144 and does 20 not flow al nost at al

| npedance of the antenna el enent 91 undergoes influence from the hlgh
frequency current flowng to the ground. Because anplitude and phase
of the hi gh frequency current 145 cap, be controll ed by inpedance

of the first termnating circuit 95, it '4&po$sible to 25 indirectly
control inpedance of the first frequency band A of t-he antenna el enent

1 : .
?2:T¥L$§?iigihiﬂgf#ﬂgggan§gpﬁf?3Th other. In the second frequency bangoB
1/ 2 waselength or |F§e|eﬁérL%%tﬁB§??ZPe?Bmhg§F%Eratrggaﬁgéélﬁ%ﬁ%g t7$ff
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not The radiation element 711 is electrically connected to
5 the feeding unit 74 and the connecting unit 77. The
parasitic element 712 is electrically connected to the
connecting unit 714 via the terminating circuit 713.
As shown in Fig. 25B, when the antenna 70 is
accommodated in a telephone set main unit 710, the
10 helical antenna 71 is connected to a connection terminal
79 leading to a wireless deviqe circuit via the feeding
unit 72, a connection member 75, and a matching circuit
78, and the radiation element 711 is short-circuited to a
ground plane via the connecting unit 77 and a connection
15 member 76. |
As shown in Fig. 25C, when the antenna 70 is
'withdrawn from the telephone set main unit 710, the
radiation element 711 is connected to the connection
terminal 79 leading to the wireless device circuit via
20 éhe feeding unit 74, the connection member 75, and the
matching circuit 78, and the paraéitic element 712 is
short-cifcuited to the ground plane via the terminating
circuit 713, the connecting unit 714, and the connection
member 76.
25 Fig. 26 is to explain operation of the antenna system

of the ninth embodiment of the present invention, and



depend on inpedance of the first termnating circuit 95 and does not

flow almost at all. 10 On the other hand, real equivalent electrical

| engt h of the second parasitic elenent 141 is different from1l/2 _
wavel ength or its integral multiple. Thus, the connecting poi nt of the
second parasitic elenent 141 and the second termnating circuit 144 is
not a node of current 15 distribution,4&nd the high frequency current 146
flows to the ground via the second termnating circuit 144.
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5 expansion on the shaded portion indicates values of
electric current on elements of the radiation element 711
and the parasitic element 712. The same component as in
Fig. 25A is referred by the_same“symbél.
A part of the high frequency power supplied to the
10 radiation element 71% is induced on the parasitic element
712. If real equivalent_electrical length of the
parasitic element 712 is not 1/2 of the wavelength of the
high frequency power supplied to the radiation element
711 or its integral multiple, the connecting poiht of the
15 parasitic element 712 and the terminating circuit 713 is
not a node of current distribution. For this reason, high
frequency current 11 flows té the ground plane via the
terminating circuit 713. .
The high frequency current 11 flowing to the ground
20 plane gives influence on impedance of the radiation
element 711. Because amplitude and phase of the high
frequency current 111 can be controlled by impedance of
the terminating circuit f13, by controlling impedance of
- the terminating circuit 713, it is possible to indirectly
25 control impedance of the radiation element 711.

Fig. 27 is a diagram to explain an arrangement of an



31 the sane synbol-. By the above arrangenent, it is possible to

I ndependently control inpedance of the first frequency band A and the
second frequency band B. As a result, in any of the first frequency
band A and the second 5 frequency band B, satisfactory matching condition
can be attained, and nobile communication wth high quality and
stability can be achi eved. (4th Enbééinent) In the
foll owi ng, description will be given on an 10 antenna systemof a fourth
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circuit 163% ha%%%%f@éﬁf%&the'EBﬁgaQ§ﬁb$ikues accordi ng
By adopting such an afrangement, it is possible, in
addition to the effect of the antenna system of the
eighth embodiment as described above, to control
impedance of the radiation element by adjusting element
10 length of the antenna and dimension of the wireless
device houéing. As a result, satisfactory matching
condition can be attained,'and mobile communication with
“high quality and stability can be achieved.
(10th Embodiment)
15 In the following, description will be given on an
antenna system of a tenth embodiment.of the present
_invention referring to Fig. 28A to Fig( 30.
Fig. 28A is to-explain arrangement and operation of
Fhe antenna system of the téntﬁ embodiment of the present
20 invention. In this embodiment, the antenna system of the
present invention is applied to'an antenna, which can be
accommodated in or withdrawn frqm é telephone set main
unit. Fig. 28A shows an arrangement of the antenna system
of the tenth embodiment of the present invention, and Fig.
25 28B shows the antenna when it is accommodated in the

telephone set main unit, while Fig. 28C shows the antenna



to a signal added to a control term nal 164. Fig. 13B shows an
arrangenent exanpl e where i npedance - conponents are conti nuously
controlled. Here, a terminating circuit 165 is a termnating circuit,
which 25 can continuously vary inpedance, and it can be controlled

by control voltage applied on a control-hgrnjnal 166.

32 Fig. 14A and Fig. 14B each®fepresents a diagramto

expl ai n arrangenent and operation of the antenna system of the fourth

enbodi nent of present . 9&%' n, and t hese di agrans show concrete
ar r angenent exgﬁg eg%bﬁ%tﬁggﬁ lwgl'('first) termnating circuit 160 of Fig.

13A and the Tl 'ee) deSP RIS divell erty Gt Rb9supbdsed En38TC |

conponent as in Fig. s referre

Fig. 14 represeghied GoRGHEhEYCYRMTRLE gﬁ#'&ef&&;ﬁé&y B3nat & §LN8A' £8a

circuit 160 having 1"on t
center frequency of the second frequency band B is fB and

5 that fA < fB, while description is also applicable when

it is supposed that fA > £B.
An antenna 120 comprises a helical antenna 121 having

a feeding unit 122 and é whip antenna 123 having a
feeding'unit 124, a connecting unit 127 arranged closely

10 to the feeding unit 122, and a- connecting unit 1214
arranged closely to the feeding unit 124. The whip
antenna 123 passes thfough the helical antenna 121, and
the helical antenna 121 and the whip antenna 123 are
electrically insulated from each other.

15 The whip antenna 123 comprises a radiation element
1211, a parasitic element 1212, and a terminating circuit

. 1213. The radiation element 1211 is electrically

connected to the feeding unit 124 and the connecting unit
127. Also, the parasitic element 1212 is-electrically

20 connected to the connecting unit 1214 via the terminating
circuit 12i3. |

Real equivalent electricalllength of the parasitic

element 1212 in the first fregugncy band A is not 1/2
wavelength or its integral multiple, and real equivalent

25 electrical length .in the second frequency band B is 1/2

waveiength or its integral multiple. As shown in Fig. 28B,



control the inpedance. The (first) termnating circuit 160 conprises a

PIN di ode 171, an inductor 172, and an - RFC 173, and it can have two
types of inpedance, i.e. i nductive i npedance and epen-circuit

i npedance depending 15 upon whether there is electric current flowng to
“the control termnal 164 or not. Fig. 14B shows a concrete
exanpl e of the (first) term nating cBcuit 165 havi ng function to
conti nuously control inpedance. The (first) terminating circuit 165

can hove capac: tFeD' EReCRRRARE, 26719, RERomkdatedanin b el epnone ¥ 1,
vol tage appl i edyg9nt 4;£0Yig! the nbPiBRANERN 121 is chhflectySHOVE an
exanpl e of an arrangenent ~o 4 g W Treless devlce, 0 WhiC ?%e ant enna

System shown i Nobhflection {8fnAME"920"Ee3R R8N Eo Y ShEMRPLaL b RUL! N
invention) is appkigdr ¥9§ $ARPrEEARAYCHRiRS122, a connection member 125,
5 and a matching circuit 128, and'the radiation element
1211 is short-circuited to a ground plane via the
connecting unit 127 and the connection member 126.
As shown in Fig. 28C, when the antenna 120 is
withdrawn from the télephone set main unit 1210, the
10 radiation element 1211 is connected to the connection
terminal 120 leading to the w#reless devide circuit via
the feeding unit 124, the connection member 125, and the
matching circuif 128, and the parasitic element.1212 is
short-circuited to the ground plane via the terminating
15 circuit 1213, the connecting unit 1214, and the
‘ conhectiop member 126. . Here,. in the first frequency band
- A and the second frequency ban& B, the matching circuit
128 has double-humped characteristics to convert
impedance of the helical antehna 121 and the whip antenna
20 123 to the desired impgdancé.

Fig. 29A and Fig. 29B are-to.explain operation of the
antenna system of the tenth embodiment of the present.'
inventioh, each showing current distribution of the
radiation element 1211 and the barasitic element 1212

25 when high frequency power is supplied to the whip antenna

123 with the antenna 120 withd;éwn from the telephone set



in Fig. 5 and Fig. 13Ais referred by the sane symbol . Here, a

wirel ess device circuit 181 conprises a switch 182, a transmtting
circuit 183, an oscillation circuit 5 184, a receiving circuit 185, and a
control circuit 186. Wth the above arrangenent, inpedance of the
(first) termnating circuit 160 can’?e di scretely controlled by a
control signal froma control unit 186 oftTt he wi rel ess device circuit
181. As a result, it is possible to nore. 10. precisely control inpedance

ond oeant] .et”Same' R 6 d210y; 5RE4nE8h' Sel R BhaALY "Portion AL yted | Y
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is applied to a same conponent as~in

referred by the sang &

ows currentd dﬂﬁﬁ&mxﬁwwm@u%awpl e
where i npedance ionpone s anacﬁscret y controlled. Here, a switch
191 element 1211 and the parasitic element 1212 when high

frequency power of the first frequency band A is supplied
to the whip antenna 123. A part of the high frequenc&
power of the first frequency band A supplied to the
10 radiation element 1211 is induced on the parasitic
element 1212. Real equivalent eléctrical length of the
Aparasitic eleﬁent 1212 is not 1/2 of wavelength of the
first frequency.band A or its integral multiple. For this
reason, the connecting point of the parasitic element |
15 1212 and the terminating circuit 1213 is not a node of
current distribution, and high frequency current 137
'_flows to a groﬁnd plane via the terminating circuit 1213.
The high frequency current 137 flowing to the ground
plane gives influence on impedance of the radiation
20 element 1211. Because amplitude and phase of the high
frequency current 137 can be cqntrolled by impedance of
the terminating circuit 1213, it is possible to
indirectly contrdlhimbedance of the radiation element
1211 by confrolling the impedancé of the terminating
25 circuit 1213.

Fig. 29B shows current distribution of the radiation



switches over a termnating circuit 192 and a termnating 25 <circuit 193
havi ng di fferent inpedance val ues accordlng to a signal added to a
control term nal 194. 34

Fig. 16B shows an arrangenent exanple where inpedance conponents are
continuously controlled. Here, a ~terygnating circuit 195 is a
termnating circuit, which can contiffiously vary the inpedance, and .it
can be 5 controlled by control voltage applied on a control °

Ler i nal 196 ASQRERE! o X URheCRL bFaLSLTL I LRty 121510 Ty pliovn [

Fig. 14 above can ern1na I'ng CiTcul 90 and

arfangenent exapardiopey pofiek W pid seadtly freqicfly Hadd RET 2 O

arrangenent exa W reless enna system

of Fig. 168IS appé?fgga ﬁﬁetﬁgtﬁﬂ SuetsRa 024 he fifth enbodi ment of t he

I nventi on) e sane nponent as in Fig. 10
Similarly to the description given in connectlon w1th

5 Fig. 29A, a part of the high frequency power of the
second frequency band B supplied to the radiation element
1211 is induced on.the parasitic element 1212. With
respect to the second frequency band B, real equivalent
electrical length of the parasitic element 1212 is 1/2 of

10 wavélength of the second frequency band B or its integral
multiple, and the connecting point of the parasitic
element 1212 and the terminéting circuit 1213 is turned
to a node in current distribution. For.this.reason, the
high frequency current 138, which flows to the ground

15 plane via the terminating circuit 1213 and does ﬁot
depend on impedance of the terminating circuit 1213, has

~extremely small value. Thereforg, impedance of the
radiation element 1211 in the second frequency band B has
such a value that it can be determined by element length:

20 éf the radiation element 1211 and physical dimension of
the wireless device housing, and it undergoes almost no
influence from impedance of the terminating circuit 1213.

Fig. 30 is to explain an arrangement of the antenﬁa
systeﬁ of the tenth_embodiment of the present invention,

25 showing an arrangement example of a wireless device

provided with the antenna system of Fig. 28A. The same



or Fig. 16Bis referred by the same synbol. Here, a 15 wireless device
circuit 201 conprises a switch 202, a transmtting circuit 203, an
oscillation circuit 204, a receiving circuit 205, and a control
circuit 206. Wth t he above arrangenent, inpedance of the (first)
termnating circuit 195 can be controlled by a control 20 signal froma
control unit 206 of the wrel ess device circuit 201. As a
result, it is possible to precisely control i npedance of the first
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second frequency band B, and it cemprises a switch 341, a
5 transmitting circuit 342, an oseillatioﬁ circuit 343; a
receiving circuit 344, and a control circuit 345.
By adopting such an arrangement, it is possible to
control impedance of the first frequency band A
_ independently from impedance of the second frequency band
10 B. As a result, in any of the first frequency band A or
the second frequency band B, satisfactory matching
condition can.be attained, and mobile communication with
high quality and stability can be achieved.
(11th Embodiment) _
15 In the following, desc:iption will be given on an
antenna system of an eleventh embodiment of the present
'invention referring to Fig. 31A to Fig. 31C and Fig. 32.
Fig. 31A to Fig. 31C are ;o explain arrangement and
operation of the antenna system of the eleventh
20 embodiment of the present invention. In this embodiment,
the antenna system of the present invention is applied to
an antenna, which can be accommodated in or withdrawn
from a telephone set main unit. Fig. 31A shows an
arrangement of the antenna system-of the eleventh
25 embodiment of the present invention, and Fig. 31B shows

the antenna when it is accommodated in the telephone set



5 antenna system of a sixth enbodi nent of the present I nvention

referring to Fig. 18 to Fig. 19. Fig. 18 is a : bl ock diagramto

expl ain an arrangenent of an antenna system of the sixth enbodi nent
of the invention, where t he antenna system of the sixth enbodi nent of
the present 10 invention is applied to a whip antenna. The sane

component as in Fig. 11 is referred by t B sane synbol . Fig. 18
shows an arrangenent exanple conprising a first termnating circuit
210 and a second term pati circuit 215 having functiagn tq discretely
control 15 i MR AL Co kbR Bid- REC U dhif ahtena, Whiep Ao iéach
represents a control termnal. By applying discrete signal to these
termnals, it i We to control i npedance of the first

t t t_2 cond term nat c rcuit . . To the
et oo 58 tl&?r&ﬁ??rkﬁﬁl%ﬂdg{'ﬁ%nslé "8 s igepaad Shat 91,

conor et examl e t“frhéeﬁ&p@fta 4 i it pen o S, ‘@L'ciﬁa-
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an arrangenent_éﬂg¥n¥A éﬁfﬁt while descrlptlon is also applicable when
it is supposed that fA > fB. An antenna 150 comprises a
helical antenna 151 having a feeding unit 152 and a whip
antenna 153 having a feeding unit 154, a connecting unit
10 arranged closely to the fee&ing-unit 152, and a
connecting unit 1514 arranged closely to the feeding unit
154. The whip antenna 153 passes through the helical
antenna 151, and the helical apténna 151 and the whip
antenna 153 are eléctrically'insulated from gach other.
15 The whip antenna 153 comprises a radiation element
1511, a first parasitic elémenp 1512, a first terminating
 circuit 1513, a second parasitic element 1515, and a
second terminating circuit 1516. The iadiation element
1511 is electrically connected to the feeding unit 154
20 and the connecting unit 157. To the connecting unit 1514,
the first parasitic element 1512 is connected via the
first terminating-circuit 1513, .and the second parasitic
element 1515 is connected ﬁia the second terminating
circuit 1516. Real equivalent electrical length of the
25_ first parasitic element 1512 in the first frequency band

A is not 1/2 wavelength or its integral multiple, and



36 wi rel ess device, to which the antenna system of the sixth

enbodi nent is applied. The sane conponent as in Fig. 12 or Fig. 18 is
referred by the sane synbol. Here, a wirel ess device circuit 221
conprises a switch 222, a 5 transmtting circuit 223, an oscillation
circuit 224, a - receiving circuit 225, and a control circuit 226. Wth
t he above arrangenent, it is possible to Blscretely control inpedance
of the first termnating circuit 210 or the second term nating
circuit 215 according tQ a_control 10 nal froma control unit 226 of
the wirel ess de¥pas equwaéren&uptlegit;lcﬂ@ ierxa‘ém in Fheafgcend: heequerey

frequency band_A,and jthe second frequency . band B, it_is possible to
preci sel y contrBﬁnﬂnﬁeaénéézoWaFﬁéegﬁFEnﬂg dréndptegral multiple. disale
comruni cation with hlg %uallt and sgabll | t can be achi eyed

(7th Errboqinent?qulVa en e#?ﬁ r3gal depghh ééDtQ?esF6°§§pP%FﬁsbP¥%ngenent

and element 1515 in the first frequency band A is 1/2

5 wavelength or its integral multiple, and real equivalent
electrical length in the second frequency band B is not
1/2 wavelength or its integral multiple.

As shown in Fig. 31B, when the antenna 150 is

accommodated in a telephone seﬁ main unit 1510, the

10 helical antenna 151 is connected to a connectioﬁ terminal
159 leading to a wireless devicé circuit via the feeding
unit 152, a connection member 155, and a matching circuit
158, and the raaiation element 1511 is short-circuited to
a ground plane via the connecting unit 157 and the

15 connection member 156.

As shown in Fig. 31C, when the antenna 150 is .
- withdrawn from the telephone set_main unit 1510, the
_ radiation element 1511 is connected to the connection

?erminal 159 leading to the wireles;_device circuit via

20 the feeding unit 154, the connection member 155, and the
matching circuit 158. The first parasitic element 1512 is
short-circuited to a groﬁnd plane via the first
terminating circuit 1513, the.cphnecting unit 1514, and
the connection member 156, ahd the second parasitic

25 element 1515 is short-circuitqd to the ground plane via

the second terminating circuit 1516, the connecting unit



operation of an antenna system of a seventh enbodi nent of t he present
i nvention. In this enbodi nent, the antenna 20 system of the present

invention is applied to an antenna, whi ch can be accommodated in or
wi t hdrawn from a t el ephone set nmain unit. Fig. 20A shows an
arrangenent of an antenna system of the seventh enbodi nent of the

I nvention, Fig. 20B shows the antenna wheé§2 it is 25 accomodated in the
t el ephone set main unit, and Fig. 20C shows the antenna when it is

wi thdrawn fromthe telephone 37
set main unit. ¥4, Eﬁmﬁlthe.@@@Bectthlmﬁmbeﬂlbﬁﬁalong the line D -

D in Fig. 20A. In the seventh enbodi nent - and after, when there are
helical antenna andThfipatchingapizanit tagnhas @ﬁ%%%ﬁT%u@E%#gned in a.
structure as 5 shown in Fig. 20 so that the_ whip antenna i s, not brought
into contact wieharartewistirs abe cppRVere impedanee Rf the hekiqal

An ant enna 440 conprises a helical antenna 441 having
antenna 151 and the wh1p antenna 153 to the desired

5 impedance in the first frequency band A and the second
frequency band B. In the above arrangement, a part of the
high frequency power supplied to the radiation element
ISil is induced on the first parasitic element 1512 and
the second parasitic element 1515.

10 ' In the first frequencyqband'A, the connecting point
of the first parasitie element 1512 and the first
terminating circuit 1513 ie not a node of current
distribution, and high freqﬁenCy current flows to the
ground plane via the first te:minating circuit 1513, the

15 connecting unit 1514, and the connection member 156.
Impedance of the radiation element 1511 undergoes

_influence from the high frequency current flowing to the
ground'plane. Becanse'amplitude and'phase of the high
greqnency current can be controlled by impedance of the

20 first terminating circuit 1513, it is possible to
indirectly control impedance of the first frequency band
A of the radiation element 1511,by controlling impedance
of the first terminating circuit'1513.

In the first frequency band A, the connecting point

25 of the second parasitic element 1515 and the second

terminating circuit 1516 is a node of current



a ring-like feeding unit 442 (Fig. 20D) and a whip 10 antenna 443 having
a feeding unit 444. The antenna 440 has a casi ng shown by solid |ine,
encl osing the helical antenna 441 and the whip antenna 443 in Fig.
20A. This casing corresponds to the casing 40A shown by dotted |ine
in Fig. 1 and may be designed as a container or a tube 15 made of
synthetic resin. The whip antenna 443 padides t hrough i nner space of
the helical antenna 441, and the hel i cal antenna 441 and the whip
antenna 443 are,_, .electrically jnsulated fromeach other.. \Wen the
antenna 45T bR g 2R 'Fheah%gmegﬁﬁﬁﬁFQﬁX TN +S Tenely 5o
helical antenna 441 is,conpected to, a connecti t er m nal 447 | eadi ng
to a wirel ess CeWtE?"F](‘,uEfoV? atQ F@%dﬁ”n@un. Sf%? tvﬁ%hea TTIEL i on

menber (term nal
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uni t ot i : .
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5 of the second terminating circuit 1516, and very little

influence is exerted to impedance of the radiation
element 1511.

In the second frequency band B, the connecting point

of the first parasitic element 1512 and the first

10 terminating circuit 1513 is'a node of current
distribution. Thus, the high freQuency current is
extremely low, which flows to thé ground plane via the
first terminatiﬁg circuit 1513, the conhecting unit 1514,
and the connection member 156, and very little influence

15 is exerted on impedance of the radiation element 1511. 1In
‘the second frequency band B, the connecting point of the
~second parasitic eiement 1515 and the second terminating
éircuif 1516 is not a node of current distribution, and
Fhe high frequency current flows to the ground plane via

20 the second terminating circuit. 1516, the connecting unit
1514, and the connection member 156.

Impedance of the radiation element 1511 undergoes
influence from the high frequency current flowing to the
ground plane. Because amplitude and phase of the high

25 frequency current can be controlled by impedance of the

second terminating circuit 1516, it is possible to



38 feeding unit 444, the connection nenber 445 and the ' mat chi ng

circuit 446. Fig. 21 is a block diagramto explain an arrangenent
of the antenna system of -t he sevent h enbodi nent and shows 5 an
arrangenment exanple of a wireless device provided with t he ant enna
system of Fig. 20A. The sane comnponent azgén Fig. 20Ais referred by
t he sane synbol . Here, a wrel device circuit 50 conprises a
swi tch 51, a transnitting circuit 52, an oscillation circuit 53, 10
a receiving ci rcr[ﬁfrelséltl f&ft{@?cﬁéﬂéé“éf Séle Eglecond ffr%%gféﬁ)' bah
arrangenent, it 055| avol I ncrease o I"eng h
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the 15 whip ac;fgt{\{@ 4§?rI1d temfﬁﬁﬁ%é@ﬂ)ls In the

fol | ow ng, descri 'ven arrangenent of an antenna
H o 22 to o 24 500 ”ﬁ”gtt‘zmﬂ# £n DEPPENIGheNE LS hd LRAADD (O |
explain 5 ardARGIENE A é’f@&é’ﬂﬁl?'bxﬁiodﬂfbr%‘tﬂ‘%éwe@an%f the
invention, and it represents an arrangement example of a
wireless device provided with the antenna system of Fig.
31A. The same component as in Fig. 30 and Fig. 31A is
referred by the same symbol. By adopting such an
10 arrangement, it is possiblé to control impedance of the
first frequency band A_or_the1second frequency band B
ihdependently.from each other. As a result, in any of the
first ffequency'band A and the second frequency band B,
satisfactory matching conditién can be attained, and
15 mobile communication with high quality and stability can

be achieved.

INﬁUSTRIAL APPLICABILITY
As described above,. it is possible according to the
20 'éresent invention, in an antenna which is used for a N
mobile wiréless device and Which can be accommodated in
or withdrawn from a telephone set main unit, to shorten
element length and to inqreasé strength while avoiding
déterioration of characteristics when the antenna is

25 accommodated in the telephone set main unit, and also to

add the function to control impedance of the whip antenna.



ei ght h enbodi nent of the present invention. In this enbodi nent, the

antenna system of the present invention is applied to an antenna,

whi ch can be accommpdated in or 25 wthdrawn froma tel ephone set nmain

unit. Fig. 22A shows . an arrangenent of the antenna system of the

ei ghth ' 39 enbodi nent of the

present invention. Fig. 22B shows the 55.- antenna when it is accomudat ed

in the tel ephone set main unit, and Fig. 22C shoms t he antenna when it

is wthdrawn fromthe telephone set main unit. An_ant enna 60
conprises a hePSca@ rasdina setisfactery matchﬂ@gupﬁ@d&ﬁgpnggaanaea whi p

ant enna 63 haV|n% a feeding unit 64 gnd g connecting. unit_ 67 arranged

closely to theat alnﬁ@bmﬁﬂ?|m9qlhﬁzcoﬂm93Mﬁﬁ¥¥Whéﬁﬁ& 539haguad 1tk 888h t he

hel i cal antenna 61, .and the helical, antenna 61 and the 10 whip antenna 63
are el ectrical Sfabidditat &R1F hsmashdieved. ot her .

Also, the above impedance control function can_be
5 independently fulfilled-in thé two frequency bands.
Accordingly, satisfactory matching can be attained in the
two freqﬁency bands in a wirelesé system using two types
of frequency, and mobile communication with high quality

and stability can be achieved.



As shown in Fig. 22B, when the antenna is accommdat'ed K m I“H"Hl"l“l
t el ephone set main unit 610, the helical antenna 61 is cmun "um ) :

connection terminal 15 69 leading to the wireless device circ¢uif vtathe

f eedi ng unit, a connection nmenber 65, and a matching circuit 68.
The whip antenna 63 is short-circuited tq,a ground plane via a
connecting unit 67 and a connection nmenb 66. As shown in Fig. 22C -

~ When the antenna 60 is withdrawn from 20 the telephone set main unit 610,
the whip antenna 63 is connected to the connection termnal 69 |eading
to the wireless device circuit via the feeding unit 64, the

connecti on nenQﬁi _ ¢hing circuit 68. , Fig. 23 is to
expl ai n operatioﬁ“gfiﬁhe antenﬂgééysten1_25 of the eighth enbodi nent of

the present inventipn where. ..o t!ﬂf‘s@éﬂﬁ@?ﬁnﬁ%éi%ga%%o%gﬁd él%m%ﬁni t

t el ephone set main

610. N SALES COIPL G e PSsd Mo f G i R Hav ind o & 18t B ddtency

5 band, and a first parasitic element, whereby:
said first parasitic element is arranged closely with
a very small spacing to said antenna element with respect
to wavelength of said first frequency band; and
real equivalent electrical length of said first
10 parasitic element in said first frequency band is not 1/2
wavelength or its integral multiple and is terminated by
a first terminating circuit comprising a reactance

element.

15 2. An antenna system according to claim 1, wherein:
said antenna element is connected to a wireless
~circuit having said first frequency band and a second
frequency band;
said first parasitié element is arranged closely with
20 ; very small'spacing to said antenna element with respect -
to. wavelength in said first fréquency band and said
second frequenéy band; and |
real equivalent electrical length of said first

parasitic element in said second frequency band is 1/2

25 wavelength or its integral multiple.



sanme synbol. Hi gh frequency power supplied fromthe . con '
termnal 69 to the helical antenna 61 is 5 i nduced on the “ﬂm"mm'lmm'”““l
63, a part of which passes through the helical antenna 61.+ ¢ L ® s =
The hi gh frequency current induced on the whip antenna 63 is divided

at the connecting unit 67 to a current passage 71 |leading fromthe
connecting unit 67 10 via the connect i%n menber 66 to the ground pl ane

and a current passage 72 |l eading-along the whip antenna 63 to t he

feeding unit 64. Becayse the connection nenbey, 66 is . ﬁhorb-cincuited
to the ground pl ares EVbﬁqk%ﬂWkﬁ@?tem acqAy tRaGladmon ¢ HBeRALR
antenna 63 fl to the 15, ound pl ape -via the cyrrent passa 71, and
oot no RS it BTOAASH gha SIRI B e Slsmens . MHEARYS
reason, the wireless, evice‘fircuit.conngﬁted to, the onnect.i on

term nal 69 under G BEEINY RIS Hr i thaent 15 § O8GLVh uni t
G100 2P SULGEY Yy na gl opbeid S Sl SRR 0,
Lhe. antong SN Alrar enIA AR L et SRR "
in said first frequency band and said second frequency
band;
real equivalent electrical lengtﬁ of said second
parasitic element in said first fregquency band is 1/2
10 wavelength or its integral hultiple; and
real equivalent electrigal length of said second
. parasitic element in said second frequency. band is hot
1/2 wavelength or its integral multiple, and said second
parasitic element is terminated by a second terminating

15 circuit comprising a reactance element.

4. An antenna system according to claim 1, wherein
said first terminating circuit is provided with a
function to discretely or continuously control the

20 impedance.

5. An antenna system according to claim 2, wherein
said first terminating circuit_is provided with a
function to discretely or continuously control the

25 impedance.



Fig. 21 or Fig. 22Ais referred by the sane symbol .

25 wth the antenna systemof Fig. 22A. The sane conponent [
- 41 By adopting such an arrangenent, it is possible to Ji!ll“ﬁﬂl"l“""llll”!ll

- an effect to hinder deterioration of characteristics when t he ant enna

aiCn L M

" is accommpdated in a tel ephone set main unit In addition to the
effect of the antenna system of the 5 s&®enth enbodi ment as descri bed

~above. (9t h Enbodi nent) In the foll ow ng, description wll

be given on an

“invention referringbto 3} @nbema syFengccerding o laim ¥ ghasdmmt to
- explain arrangenent and operation _of the | [
~enbodi nent of theagkelratof saidnfirstoherminaking ARl HemE $3d ant enna

present invention is applied to_an antenna, which can be

- system of the

antenna system of a ninth enbodi nent of the present

accommdat ed i nS@FORd t FRFBIPAt it alreniphbfcpEeyided with a function to

10

15

discretely or continuously control the impedance.

7. An antenna system, comprisinj a helical antenna to
be operated when an antenna is accommodated in a wireless
device main unit, and a whip antenna to be operated when
the antenna is withdrawn from the wireless device main
unit, whereby said helical'éntenné and said whip antenna
are electrically insulated from each other, and said whip

antenna is designed to pass through said helical antenna.

8. An antenna system according to claim 7, wherein
said helical antenna has a connecting unit to be

connected to a wireless device circuit when the antenna

_is accommodated in the wireless device main unit, said

20

25

whip antenna is arranged clbsely to said cdnnecting unit
and has a first connecting unit to be connected to a
ground plane when the éntenna is‘accommodated in the
wireless device main unit and'a second connecting unit to
be connected to the wireléss device circuit when the

antenna is withdrawn from the main unit.

9. An antenna system according to claim 8, wherein

there is provided a parasitic element arranged closely

antenna system of the ninth

s



Lhe i nih enbodi ment of Lhe present i nvention. - Fig 258 sHmﬂﬂmmﬂﬂllll I
, Lan s 0+

antenna when it is accommodated in the t el ephone -set mai n wni

Fig. 25C shows the antenna when it is withdrawn fromthe tel ephone set
main unit. An 20 antenna 70 conprises a helical antenna 71 having a
feeding unit 72 and a whip antenna 73, wh%h has a feeding unit 74, a
connecting unit 77 arranged closely to the feeding unit 72, and a

connecting unit 714 arranged closely to the feeding unit 74.. The whi
antenna 73 25 WhtRed YOFHuEHALheSRATIRG t%n?%h‘ga‘“’tﬂ? %}%ﬂ% "Hé’tq cal P
antenna 71 and the whip antenna 73 are eIectEicaII ' vt

42 insul feEpeebrieavavelergth of the ﬁﬁ@“?ﬁ#¥)QﬂHQHﬁEP%%?QKHﬁHqseS
a radiation element 711, = a parasitic elenent 712, an term nating
circuit 713. saidpparagibi¢oplenrenknhasya ?%n%$%E%99c%ﬂfgq€% cted to 5

the feeding unit 74 and the connecting.unit 77. Th
J - connected to a ground plane vzé a cf}cuit network

5 comprising a reactance element when said whip antenna is

withdrawn from the wireless device main unit.

10. An antenna system accordiﬁg to claim 9, wherein
said helical antenna and said whip antenna are connected
10 to a wireless device circuit having a first frequency
band and a second frequency band.applied, said parasitic
element is arranged closely with a véry small spacing to
said whip antenna with respect to wavelength in said
first frequency bénd and said second frequency bénd, real
15 equivalent electrical length of said parasitic element in
said first frequency band is not 1/2 wavelength or its
_integral multiple, and real equivalent electrical length
of said parasitic element'in said second frequency band
_@s 1/2 wavelength or its integral multiple;
20 |
~11. An antenna system according to claim 10, wherein
there is further provided a second parasitic element,
said second parasitic element is.arranged closely with a
very small spacing td said whip antenna and said first
25 parasitic element with respect to wavelength of said

first:frequency band and said second frequency band, real



parasitic element 712 is electrically connected to the

714 via the termnating circuit 713. As shown in Fig. niﬁmmﬂﬁl!e’m””"l
the antenna 70 is acconmodated in a tel ephone set main un VL

10 helical antenna 71 is connected to a connection term nal 79 | eading
to a wreless device circuit via the feeding: unit 72, a connection
nmenber 75, and a matching circuit B0 and the radiation element 711 is
short-circuited to a ground plane via the connecting unit 77 and a
connection 15 ne owm in Fjg. 25C, _when the antenna '

70 e i e AVAL PR AR TP R AR b O P oD BARS LELC |
| Gading o t nEHFIOrEstS IR CELTE FECTHencDTHb -"f%e]d”nd} e 7
CPonent 71268 1RagPeL PG ebe T ST YA et a@iﬁ?hé'tfng
25 TR, T E e Retond dadR LA € %%E%‘a‘éi‘%derﬁeconé of ihe
ni nth enboglngggecﬁeﬁé§eﬁg§§efg ﬁggef?i avéibngth or its integral
multiple, and said second parasitic element is connected
to a connecting unit via a circuit network comprising a

reactance element.



43 . this shows current distribution of the radiation el ement 711

and the parasitic elenent 712 when hi gh frequency power is supplied
to the whip antenna 73 with the antenna 70 wi thdrawn fromthe

t el ephone set main unit 710. Here, 5 expansi on on the shaded portion
indicates val ues of el ectric currenf, on el enents of the radiation

el emrent 711 and the parasitic ele 712. The sanme conponent as in
Fig. 25A is referred by the same synbol . . A part of the high
frequency power supplied to the 10 r '§%£R@Telenent 711 is induced on
the parasitic el enent 712. If real™equivalent electrical length of the

parasitic el enent %ﬁ%ibgegghtlﬁgv éF%Pﬁbﬁ@é?&ﬁ@gtQnognﬁeﬁaao?Y?{@ﬂh

frequency power supp 0 the'ra enent S fntegra

L e BI04 B Bo: ) BOEAGSy BRI ARV ALETER T 1011

term nating circul node of curre For

this reason. h&lmmodalEqONANGY GHERERAwA LEELRYE {014HoME G Rlape via

t he ternmnating circu
5 unit, whereby element length is shortened and strength is

increased while'avoiding deterioration of characteristics
when the antenna is accommodated in the telephone set
main unit. The antenna (40) comprises a helical antenna
(41) having a feeding unit (42) and a whip antenna (43)

10 having a feeding unit (44).' The whip antenna (43) passes.
through the helical antenna (41), and the helical antenna
(41) and the'ﬁhip antenna (43) are electrically insulated
from each other. Because the'whip antenna (43) is |
designed to pass through the helical antenna (41), an

15 antenna system for mobile wireless communication can be
provided, in which element iepgth is éhorténed and

~strength is increased.



The high frequency current 11 flowing to the ground 20 plane gives

i nfl uence on i npedance of the radiation el emrent 711. Because anplitude
and phase of the high f.requency current 111 can be controlled by
i npedance of the termnating circuit 713, by controlling inpedance of
the termnating circuit 713, it is possible2t® indirectly 25 control
i npedance of the radiation elenent 711. Fig. 27 is a diagramto
explain an arran teof a : : 44
ant enna systenlogF?ﬁg qfnthienbodinent of the present i nvention, and
it .-shows an arrangenent exanple of a wi rel ess device provided with
t he antenna system of Fig. 25Ar**Thy same conponent as in Fig. 21 or
Fig. 22Ais 5 referred by the sang synbol. . By adopting such an
arrangenment, it is possible, in adatti.qoato the effect of the antenna
- system of the ei ght h enbodi men{ ag idescri bed above, to control
i npedance of the radiation elenent by a(justhng el enent
/
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10 length of the antenna and dinension of the wreless devi ce’

housing. As a result, satisfactory matching condi tion can be
attai ned, and nobile comrunication with high quality and stability
can be achi eved. (10t h Enmbodi ment) 15 In the foll ow ng, :
description will be given on an antgphd 3ystem of a tenth enbodi nent
of the present ;g ; S}ven on referring to Fig. 28A to Fig. 30.
Fig. 28Ais to e &rrangenment and operation of t he ant enna system
of the tenth enbodi ment of the pr P ion. In this enbodi nment,
the antenna system of the S ' [yl ONZp plied to an antenna,
whi ch can be accomod ' k 6™l ephone set nain -
unit. Fig. 28A shows an ra N4t enna t of the tenth
enbodi ment of the pres e | oX, \an rUT 2 0 t he ant enna
when it i s accommopda W the \ S L tg\Whi e Fig. 28C
shows the antenna w +100
\ 3 ) %
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when . it is wthdrawn. In the description given below, it is
supposed t hat center frequency of the first frequency band Ais fA
and center frequency of the second frequency band B is fB and 5
that fA < fB, while description is also applicable when it is
supposed that FAD @B.. 5 An ant ena/1203 conpri ses a helical antenna
121 having a teeding unit 122 and a whip antenna 123 having a

feeding unit 124, a connegting unit 127 arranged closely 10 to the
feeding unit 122, and a cénndcting unit 1214 arranged closely to the

feeding unit 124. The whip |} antenna 123 passes through the helical
antenna 121, and the hgqlical antenna 121 and the whip antenna 123 are
electrically insulated frpm dqach qfher. 15 The whi p antenna 123
conprises a radiation el efgnt 1211, a parasitic elenent 1212, and a
termnating circuit 123" The radiation element 1211 is electrically
connected to the feeding ugit] 124 and the connecting unit 127. Al so,
the parasitic elenment 121¥4i g4 electrically 20 connected to the connecting
unit 1214 via the tegsi natiing circuit 1213. Real equi val ent
el ectrical |ength of ndrdsitic
l(*.().ﬁ'o 82 r
o
MN MN S o\.
45 . @ 4 _ L
81
FIG. 6
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el ement 1212 in the first frequency band Ais not 1/2 wavel ength or
its integral multiple, and real equivalent 25 electrical length in the

second frequency band Bis 1/2 wavel ength or its integral multiple. As
shown in Fig. 28B, 46 when
the antenna 120 is acconnndated in the tel dpfchéd set main unit 1210,
t he heli cal antennagi%%és Qﬁ;ted to a connection term nal 129

| eading to a wirele ite circuit via the feeding unit 122, a

connection nmenber 125, 5 and a matching circuigy, 128, and the radiation
el ement 1211 is short-circuited to a gro | ane via the
connecting unit 127 and the connecti on nenber As shown in
Fig. 28C, when the antenna 120 is Wi t hdr pwn t he tel ephone set

connected to the
el ess device circuit via
P5, and t he

main unit 1210, the 10 radiation el enent
connecti on termnal 120 | eading t
the feeding unit 124, the connection nber

A
g5
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matching circuit 128, and the parasitic elenent 1212 is _
short-circuited to the ground plane via the termnating 15 circuit 1213, -

the connecting unit 1214, and the connection nmenber 126. Here, in the
first frequency band A and the secopd, frequency band B, the matching
circuit - 128 has doubl e: hunped char a t/elzi tics to convert
i npedance of the helical antenna 121 and the whip antenna 20 123 to the:
desired i npedanﬁ. ; q r§ Fig. 29 ' 29B are to expl ain operation
of the . anténnd systenTof t q00h 8dbodone f the present
i nvention, each show ng curr A ' ; e ‘radi ation el ement
1211 and the parasitic el oy 2 i uBgCcy power is _
supplied to the whip an o+ th tife gnt Wi t hdrawn from
t he tel ephone set N : - 47 mai n unit.
1210. Expansion of t/® oN i ' S al o\ electric
current on el ement s/o® r ' et fl‘.o ndNhe\par asi tic
el ement 1212. The ' 2
L
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conponent as in Fig. 28A is referred by the sane synbol. 5 Fig. 29A
shows current distribution of the radiation el enent 1211 and the
parasitic element 1212 when high frequency power of the first
frequency band A is supplied to the whip antenna 123. A part of the

hi gh frequency wer 4of~the first fﬁ%dhgﬁ%y band A supplied to the 10
radi ation ele t I_ .islixluced on the parasitic el ement 1212. Real
equi val ent el ectrical length of the parasitic element 1212 is not 1/2
of wavel ength of the i Thnst frequency band A or its integral multiple.
For this reason, thg cgnrinecting point of the parasitic element 15
1212 and the termnatingicifiquit 1213 is not a node of current

di stribution, and high fgeqyency current 137 flows to a ground pl ane
via the termnating circuit 1,213.91 The hi gh frequency current 137
flowing to the ground plgpe—gfves i nfl uence on i npedance of the

radi ation 20 el enent 11]1./ Because anplitude and phase of the high
frequency current 137 cahlbg control |l ed by inpedance of t he
terminating circuit 1213}4itl is possible to indirectly control

i npedance of the raggatyé dl enent 1211 by controlling the inpedance
of the terninating ifrduit 1213. _ _
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Fig. 29B shows current distribution of the radiation

48 el ement 1211 and the parasitic elenment 1212 when high

frequency power of the second frequency band B is supplied t.o the
whi p antenna_123. : Simlarly to the description given in
connection Wi h[ (b, Filg. 229A, a par® 4f2 he high frequency power of the
second frequency band B supplied to the radiation el enent 1211 is

i nduced on the parasitic element 1212. Wth respect to the second
frequency band Bgf--reat--equi val ent electrical length of the parasitic
el ement 1212 is §/2 of } 10 wavel ength of the second frequency band B or

Its integral ¢ hultitpgl e, .and the connecting point of the parasitic
el ement 1212 andithe t ;gyﬁgi+ng circuit 1213 is turned to a node in

current distributipn. this reason, the hi gh frequency current 138,

which flows to the} gfoyrid pl ane via the termnating circuit 1213 and
does not i - : : :

i4 1
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depend on i npedance of the termnating circuit 1213, has extrenely
smal | value. Therefore, inpedance of the radi ati on el enment 1211 in the
second frequency band B.has such a value that it can be determ ned by
el ement length 20 of the radiation elenent 1211 and physi cal di nensi on of
the wirel ess device housing, and it urglef@o8s al nost no i nfluence from
i npedance of the termnating circuit 1213. Fig. 30 is to explain
an arrangenent of hﬁ t enpa system of the_tenth equginent of the
present inventi onI‘R 5§]shoﬂj4g¢°ﬁn ar r angenent elagl e Jof Wi rel ess devi ce
provided with the antenna systemof Fig. 28A. The sane

49 conponent as in Fig. 28A is referred by the sanme 'synbol .

Here, a wireless device circuit 340 is a wireless device circuit in
charge of the first frequency band A and the second frequency band B,
and it conprises a4@itch'341, a 5 transmittingcircuit 342, an
oscillation circuit 343, a receiving circuist 344, and a control
circuit 345.
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By adopting such an arrangenent, it is possible to

of the first frequency band A

second frequency band 10 B. As a result,
t he second frequency band B,

band A or

co
I ndependently from i npe
in any of the f

condition can be attained, and nobile 8oMABi cation with

and stability
foll owi ng, des

TG B o

el event h enbodi nent of the present

Fig. 31C and Fig. 32.

and . operation of §held
the present invention.} |

present invention is applije
in or wthdrawn fyomja

arrangenent of the ant
present invention, a
acconmodated in the te

2 A

and

peemeeembi 9. 31A to Fig. 31C are toexm
ntenna system of the el eve
t hi s enbodi nment,
dto
t el ephone set main unit.
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50 main unit, while Fig. 31C shows the antenna when it is

W t hdr awn. In the description given below, it is supposed that
center frequency of the first frequency band Ais fA and 5 center
frequency of the second frequency band Bis fB and that fA < fB, while
description is also applicable when lié/}? ﬁupposed that fA > fB. An
antenna 150 conprises a hel i cal antennd 151 having a feeding unit 152
and a whip an rjbeG—lSS ?aﬁ ng a feeding unit 154, a connecting unit
10 arranged closely to t he eeding unit 152, and a connecting unit
1514 arranged closely to the feedi ng uRi.te...e... ., 154. The whip antenna 153
passes through the heli cal antenna 151, and the helical antenna 151
and the whip antenna 153 are electirjcal ¥y insulated fromeach other.

15 ~ The whip antenna 153 conprisesiaj radiati el ement 1511, a
first parasitic element 1512, a first te'nin%u' g circuit 1513, a
second parasitic elenment 1515, and a se¢And termnating circuit 1516.
The radi ati on el enent
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1511 is electrically connected to the feeding unit 154 20 and the

connecting unit 157. To the connecting unit 1514, the first parasitié
el enent 1512 is connected via the first termnatirng circuit 1513, and
t he second parasitic el enment 1515 ksy cppngcted via the second

term nating | § Cyi t . aReal equivalent electrical length of the 25
first parasitic Hetredt- 12%6iAthe first frequency band Ais not 1/2
wavel ength or its integral rmultipl agpand . :

51 real equivalent electrigegpytength in the second frequency

band B is 1/2 wavel ength or its egral nultiple. Real equi val ent
electrical length of the parasitic el ement 1515 in the first
frequency band Ais 1/2 WgfEl ength or its integral nultiple, and real
equi val ent el ectricalf <fnot h i 442 he second frequency band B is not

1/2 wavel ength or its int 4oy tiple. -As shown in Fig. 31B
when the antenna 150 is : nmmodated in a tel ephone set main unit

1510, the i
5 . .
ﬂ*‘/-_ MN—©
a6 M7
FIG. 20B | FIG. 20C
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10 helical antenna 151 is connected to a connection term nal 159

| eading to a wireless device circuit via the feeding unit 152, a
connection menber 155, and a matching circuit 158, and the radiation
el ement 1511 is short-circuited to - a ground plane via the connecting
unit 157 and the 15 connection nenber 156,/ 2 3 As shown in Fig. 31C,
when the antenna 150 is w thdrawn fromthe tel ephone set nain unit
1510, the radi ati on el enent 1511 is connected to the connection
termnal 159 le iqg(gq tﬁg ljreless device circuit via 20 the feeding
unit 154, the connection nenber 155, and the mat ching circuit 158. The
first parasitic elenment 1512 is short-circuited to a ground pl ane via
the first termnating circuit 1513, the connecting unit 1514, and

t he connection menber 156, and the second parasitic 25 elenent 1515 is
short-circuited to the ground plane Vi a the second term nating CIrCUIt

1516, the connecting unit _ i 52
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1514, and the connection nmenber 156.. The matching circuit 158 has
doubl e- hunped characteristics to convert inpedance of the helical
antenna 151 and the whip antenna 153 to the desired 5 inpedance in the
first frequency band A and the second frequency band B. In the above
arrangenent, a part of the hi gh frequanty2 power supplied to the

radi ation element F I]Gl;L |2 ?n Wuced on the first parasitic el ement 1512
and t he second parasitic enent 1515. 10 In the first frequency
band A, the connecting point of the parasitic elenment 1512 and
the first termnating circuit 1513 Pl a node of current

di stribution, and high frequency agY” flows to the ground pl ane vi a
the first termnating circuit 151 15 connecting unit 1514, and the
connection nenber 156. | mMpedips padi ati on el enent 1511

under goes - i nfluence fromth
ground pl ane. Because anplitude a
current can be controlled by i nped§
circuit 1513, it is possible to [~Fg
first frequency band

j “FThe hi gh frequency
guw_ﬁr*the 20 first termnating
ndlﬁectly control inpedance of 'the
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A of the radiation elenent 1511 by controlling inpedance of the first
termnating circuit 1513. In the first frequency band A the
connecting point 25 of the second parasitic elenent 1515 and the second
termnating circuit 1516 is a node of current

53 di stribution, and the high frequkrty 8utrent is extrenely
| ow, which fl ows IR)IF@}grOEn pl ane via the second termnating
circuit 1516, the connecting unit 1514, and t he connection nenber 156

wi t hout dependi ng on i npedance 5 o%,Lhe_secQFd tggg M nating circuit 1516,

and very little influence is e ¢ 5 ,ﬁﬁé%%nce of the radiation

el emrent 1511. In the seconf &3¢ band B, the connecting point

of the first parasitic elenment 1512 /ngﬂ‘lo termnating circuit
[ Thus, the high frequency '

1513 is a node of current di st
current is extrenely | ow, whic t he grgﬁpd pl ane via the
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first termnating circuit 1513, the connecting unit 1514, and the
connection nenber 156, and very little influence 15 is exerted on

i npedance.of the radiation elenent 1511. 1In t he second frequency band
B, the connecting point of the second parasitic elenent 1515 and the
second term nat+ i‘f z'sr gA&: 1516 i sy o) 2 node of current distribution,
and t he hi:g‘n ﬁique ;f rent flows to the ground plane via 20 the
second termnating circuit 1516, the connecting unit 1514, and the
connection nmenber 156. | npedance of the radiation elenment 1511
under goes i nfluence fromthe hlg frequency current flowing to the

ground pl ane. Because anplitude and ]
current can be controlled by inpeda
circuit 1516, it is possible
indirectly control inpedancefg
radi ation el ement 1511 by copis
termnating circuit 1516.

se of the high 25 frequency

ae of the second term nating

54
=2 Mc second frequency band B of the

& || ngp | npedance of the second
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Fig. 32 is to explain an arrangenent of the antenna 5 system of the

el event h enbodi nent of the present invention, and it represents an
arrangenent exanple of a wi rel ess device provided with the antenna
system of Fig. 31A. The sane conponent as in Fig. 30 and Fig. 31A is
referred by the same synbol. By adoptiny &4CcB &in 10 arrangenent, it is
possible to cI%tIo(}anéthce of the first frequency band A or the
second frequency band B independently fromeach other. As a result, in
any of the first frequency band A and the second frequency band B,
satisfactory matching condition can be attained, and 15 nobile
communi-cation with high qualiiﬁﬁand st.cility can be achi eved.

| NDUSTRI AL APPLI CABI LI TY -gfribed above, it is possible
according to the 20 present_l i \

nmobi l e wirel ess device and
froma tel ephone set main unit,
i ncrease strength while avoi di ng
the antenna is 25 accommodated
to

ccommpdat ed i n or w t hdrawn
el ement length and to

dri orati on of characteristics when
¥l ephone set main unit, and al so
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add the function to control inpedance of the whip antenna.

55 As a result, satisfactory nmatching condition can be att ai ned,
and nobile comunication with high quality and stability can be

achi eved. Al so, the above inpedance control function can be 5

i ndependently fulfilled in the two frequgncy dands. Accordi ngly,
satisfactory matghi]g canz) gét ained in the two frequency bands in a
W rel ess systemsi t\o % of frequency, and nobil e conmuni cation’
with high quality and stability canqyfg achi eved.
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VWHAT IS CLAI MED | S: 1. An antenna system conprising an antenna
el enent connected to a wireless circuit having a first frequency 5
band, and a first parasitic el enent, whereby: said first
parasitic element is arranged closely with a very small spacing to
said antenna el enent with respect 1 8t @ yvavel ength of said first

frequency band;yagd real equival ent el ectyrigal he g of said
first 10 par£i ii g’el eZEgtAn said first frequz‘ﬁé{;@andz 99 t 1/2

wavel ength or its integral nmultiple and is term nated by a first
termnating circuit conprising a reactance el enent . 15 2. An
ant enna system according to claim 1, wherein: sai d ant enna

el enment is conpected to a W rel ess circuit having sajd first frequency
band and a sec uency band, 12daid firgpt parasitic

el enent is arrange with 20 a very small\spacinfy to said antenna
el ement with ragpect wavel.ength in sai dgfpr Sk freRuency band and
sai d secon and; and i vB} ent el ectrical

| ength of said firs
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parasitic element in said second frequency band is 1/2 25 wavelength or

its integral multiple. : 57
3. An antenna system according to claim2, wherein there is provided
a second parasitic el enent, whereby: said second parasitic
el ement is arranged cl osely . with alwepy2sdml|l spacing to said antenna °
el enrent and 5 said first parasitic elenent with respect to wavel ength
in said first fre@ue ba sai d second frequency band;
real equival ent eﬁgép3$balq?é%3$h of said s nd parasitic elenment in
said first frequency band is 1/2 10 th or its integral nultiple;
and real equivalent electri h of said second
parasitic element in said second ncy band is not 1/ 2 wavel ength
or its integral nultiple, and s ond parasitic elenment is
term nated by a second term nati 152
{153
156 0 o i s p—{MN—©
! b 1513 155 553 150
1511 1516
. 151 i 1514
1515 e
154
FIG. 31B
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15 <circuit conprising a reactance el enent. 4. An antenna

system according to claim1l, wherein said first termnating circuit is
provided with a function to discretely or continuously control the 20
| mpedance. 5. An antenna sysigemmagcording to claim2, wherein
said first 'tei‘?oﬁ &]nguélrcwt Is provided wth a function to
di scretely or yo control the 25 inpedance.
58 6. An antenna system according to claim3, wherein at
| east one of said first termnating circuit or said second
termnating circuit is prOV|deqﬂynth a function to di scretely or
continuously control the i . 5 7. An antenna system
conprising a helical ant
_ —
wpesw q h
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be operated when an antenna is accommodated in a wrel ess device main

unit, and a whip antenna to be operated when
unit,

fromthe wireless device main 10

the antenna i s wthdrawn

whereby said helical antenna and

sai d whi p ant enna are electrically insulated. fromeach other, and said

whi p mrga ia} gsi gned to pass thdodd¢h3said helical antenna.

8. An ante st e

con

cording to claim7, wherein 15 said helica
antenna has a connecting unit to be

nected to a wirel ess device

circuit when the antenna I s .accompdated in the wirel ess device nmain
o unit, sai (PRIO/Rp @ﬁtﬁﬂa is arranged closely to said connecting unit
and has a first connecting unit to bg¢ connec

the antenna is accommpdated in the Wi
second connecting unit to be co
when t he antenna is withdrawn f

ant enna system according to claimS8,

parasitic el ement arranged cl osely

=

ed to a 20 ground plane when
ess device main unit and a
o the wireless device circuit

pé/Tain unit. 25 9. An
gﬁ; there is provided a
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59 with a very small spacing to said whip antenna with respect

to wavel ength of the frequency band applled and said parasitic

el enent has a connecting unit to be. connected to a ground plane via a
circuit network 5 conpr|3|ng a reactance el enent when said whip antenna is
wi t hdr awn E{ eI ess device mai2uyAiz 3 10. An antenna
system accer inh% |n19 wherei n said helical antenna and said

whi p antenna are connected 10 to a wireless device circuit having a first
f requenc d a econd frequency band applied, said parasitic
RRIQE:: AHT,

=

15 CONTACI‘MEMBER

TN
’N\J

ey

;

el ement with a very small- spacing to said whip
antenna with respect to wavelength in said first frequency band and
said second frequency band, real 15 equivalent electrical length of said
parasitic elenent in said first frequency band is not 1/2 wavel ength
or its At §9r alpoREIEPTELEPAORE I pe—eatyal ent electrical |ength
of said paraS|t|9c eMaf®iNTrn sai d segond frehuehdy HEREACT MEMBER
AN _4/ f\\\\\ N
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is 1/2 wavel ength or its integral multiple. 20

system according to claim 10, wherein
second parasitic el enment,

there is further
sai d second parasitic el enent

11.

An ant enna

provi ded a

i s arranged

closely with a very small spacing to said whip antenna and said first

25 parasiti @ele@nt $ GrAespect to wavdl 2ugehdof -said

frequency band and said second frequency band,

r eal

60 equi val ent electrical |ength of said38econd parasitic
its integral multiple,

said first freq band i sel/ 2 wavel £ngt hger
and real eﬁmgﬁel Q&Rzl #ngih of said second parasitic el enent

In said second 5 frequency banp
mul ti ple, and said second par asi

connecting unit via a circuit nefty OTTp [
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