2 8 DEC 2004 | ANTENNA BACKGROUND OF THE | NVENTI ON Fi el d of

t he-1nvention The present invention relates to an antenna, suitabl2€ Bl 2004
inclusion in various devices havinglcapabilities for processing radio
signals, such as electrical honme appliances, office equipnent, wreless
LAN, telenetric systens, including nobile conmunication devices that can
transmt and receive radio signals. Description of the Related Art In
recent years, there have been i nCARFENNAUSes for antennas that can be

used in frequency bands i srr‘% reds of MHz to several

tens of GHz due to mc%@&&%bg@ﬁgﬁﬂ;T%ﬁ\i a 'X\Eﬂgj}gevi ces having

capabi | Fic'[mth@.{[nadhﬁaﬁm tting and receivi ng radi o signals, including

various conmupnj cati on device roce S|n | S uses
PhE B4, MRS B AR o 3 ARk Y

for such ante hext ration traffic
nanageneeticesy Biwing , capabiliden tfac provgssiyp aradiar sﬁ.gmﬂar Siaaht @srmlc@ncajl home

col l ection. syste but in. addit e f he use
of w reF%@?‘"éﬁé qﬁ%%(ﬁqflwgl §Is¥mdcgs that’ geﬁ&gﬁrﬁ c;;s andl @Hgd{n% Ogil"}%ut
using cuomhmusicadod degedsythaabh Gansnit mdmceive didiesignaper ati on of househol d.

appl i an t taeynet, Intranet radio LAN, Bluetooth and the
i ke, ?)%?mtpla %@ﬁc?&aﬁc? the use of such antennas will al so be

wi despread i nln s:pmtlmprSf ihél‘CdEWc bean inereating usesderamennam Hing ca ke wieddni n

various ﬁé%&%%aﬁ@; i [Rle 8 set%}ﬁ huandl ob MFIE eTsaREdl Qerls dEGREMkse and
t he deman | so 1 ncreasin plicatiQns tel.eneter,ing.f.or

noni t or Fwaﬁlﬁgé‘:ﬁﬁﬂﬂ dor Yﬁﬁ‘%g‘éﬂc%ltﬁé@g capabiitigs fl@hgarbslnﬁgl“igﬁé@ VIS her
saf ety PRAGYRABR! ifhfdifVaAod Satmipichtidm &év16@| o) Iir@cfemmglrsdmmgﬂahﬁnci al

e B L Bl L EIRL Bl ladylre 0
por L abl malﬂygtﬁr&hﬁ|s§/$tbmsb1ﬂmﬁdmm:tmggypiscardmfdr aammzemnoﬂg:qirlacﬂmme)ssterfm dat e,
such ant ennas, descr, e r

E) <addtion, é’g‘gﬁ"g? ﬁ? tngaﬂi dsgl{ﬁ‘ vﬁ?c‘fés%%t;' d’ﬁﬂg system

capabi | i ransm s ar
monopol ehaalan:dﬂc\ats haadlbahtvemth@lttlhmgcmbﬁgsmc lengihryi Gables Ausly ak ﬁ@(ﬂrﬁesﬁr e

nell cal oBahadiNas nbilRho r@gm&f&% Brb@fH e Intelndt BRI LAN, BARIGAA! NG
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safety management systems and POS (point-of-sale) terminals in financial systems.
Other applications are beginning to emerge over a wide field of commerce including
household appliances such as TV that can be made portable by satellite broadcasting as
well as vending machines.

To date, such antennas described above used in various devices having
capabilities for receiving and transmitting radio signals are mainly monopole antennas
attached to the casing of a device. Also known are helical antennas that protrude slightly
to the exterior of the casing.

However, in the case of monopole antennas, it is necessary to extend the
structure for each use of the device to make the operation cumbersome, and, there is a
further problem that the extended portion is susceptible to breaking. Also, in the case of
the helical antennas, because a hollow coil that serves as the antenna main body is
embedded in a covering material such as polymer resin for protection, the size of device
tends to increase if it is mounted on the outside the casing and it is difficult to avoid the

problem that the aesthetics suffers. Nevertheless, reducing the size of the antenna leads
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prevent breaking, and to eliminate the need for a large sized circuit structure and battery.

Also, the present invention is provided in view of the information described
above, and another object is to provide a high gain compact antenna that enables high
gain to be attained by reducing the mutual interference caused by a plurality of antenna
elements.

Further, the present invention is provided in view of the information described
above, and another object is to provide a high gain compact antenna that enables to
improve gain through a structure in which more than one antenna element are connected
each other. |

A first embodiment of the present invention relates to an antenna having not
less than two antenna elements, wherein a plurality of antenna elements are connected
in series, and each antenna element is comprised by an inductance section connected in

parallel to a capacitance section.
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so that By adopting such a structure, the mutual interference between the antenna
elements is optimized so that, compared with the case of only connecting the antenna
elements in series without any care for directions of magnetic fields generated by a
current flowing in each inductance section, directivity for signal reception and
transmission is reduced and the gain is increased.

Also, third embodiment of the present invention relates to the antenna in the
second embodiment, wherein the inductance section has a coil section comprised by a
conductor formed in a spiral shape or an angular shape that can be approximated by a
spiral circling a coil axis; and the plurality of antenna elements are arranged so that
respective axes of adjacent coil sections are aligned on a straight line.

By adopting such a structure, the axes of the coil sections are aligned so that
the size of the overall antenna is reduced, and directivity for transmitting and receiving
radio waves is reduced and the gain is increased.

Further, at least one portion of portions of the conductor that circle the coil axis
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planes at right angles to the coil axis. When this argument is extended to a general
spiral-like conductor or a conductor that can be approximated by a spiral, a group of
such planes can be visualized to divide the conductor but the turning portions (loops) of
the conductor do not intersect the planes except at the beginning points and the ending
points of each loop. Then, each loop of the conductor can be associated with an adjacent
imaginary plane using an expression "a portion of the conductor that circles the coil axis
is contained in a plane" (herein below imaginary planes that divide the conductor are
referred to simply as planes).

In such a case, if at least one portion of the portions that circle the coil axis is
contained in a plane that is inclined at an angle to the axis, then the direction of the
magnetic field generated by the current flowing in this portion tends to be perpendicular
to the plane. Looking at the whole antenna, the directions of the magnetic fields

generated by the current flowing in the coil sections become asymmetrical about the
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el enent st Eess ddinoed antehmzetengerithcafected in series, wherein each antenna element
has an inductance section and a capacitance section connected electrically in parallel,
and wherein a conductor section is disposed between induction sections of at least two
adjacent antenna elements.

By adopting such a structure, the conductor section so provided shields the
electromagnetic waves generated by the antenna elements somewhat, so that the mutual
interference between the adjacent antenna elements is reduced and the gain of the
antenna is increased.

A fourth embodiment of the antenna in the present invention relates to the
antenna in the third embodiment, wherein the coil section is provided with a first
conductor pattern formed on a first plane, a second conductor pattern formed on a
second plane oppositely disposed to the first plane, and a coil conductor section for
electrically connecting the first conductor pattern to the second conductor pattern; and
the capacitance section has a condenser section that has a third conductor pattern
formed on a third plane and a fourth conductor pattern formed on a fourth plane
oppositely disposed to the third plane; such that the first plane, the second plane, the
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frequency adjusting capacitance section comprise an antenna module.

By adopting such a structure, the capacitance of the frequency adjusting
capacitance section is provided in another component body so that the resonant
frequency can be adjusted independently of the antenna main body. That is, once the
antenna main body is formed to suit a particular frequency, subsequent adjusting of
frequency is camied out by adjusting the capacitance of the frequency adjusting
capacitance section provided as a separate body from the antenna main body. Such an
antenna module comprised by an antenna main body and a separate frequency adjusting
capacitance section, enables flexible frequency adjustment.

Also, in the antenna according to the first embodiment, the plurality of antenna
elements and an electrode one connected electrically to the antenna elements are
provided in the antenna main body; and the antenna main body is mounted on a
substrate plate having an electrode two so as to form a frequency adjusting capacitance
section between the electrode one and the electrode two.

In the present inveation, an electrode one provided on the antenna main body
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ant enna capaci tance section. By adopting
such a the antenna, to form the frcquency adjusting capac1tancc section. By adopting such a

structure, it is possible to adjust the capacitance of the frequency adjusting capacitance
section by altering the area of the electrode two provided on the substrate plate, for
example, or by adjusting the position of the substrate plate on which the antenna is
mounted. More specifically, the capacitance value of the frequency adjusting
capacitance section can be adjusted when mounting the antenna on the substrate plate,
for example, by adjusting the size of the area opposing the grounding plate of the
printed board. When assembling the antenna into a product, a shift in the antenna
frequency caused by the effect of casing and the like can be corrected by adjusting the
mounting position of the antenna so as to change the capacitance of the frequency
adjusting capacitance section. Or, it is also possible to deliberately change the frequency
of the antenna by a large amount.

Also, the plurality of antenna elements and the frequency adjusting capacitance

section are connected in three-dimensions so that the antenna does not occupy a large



structure, it is possible to adjust the capacitance of the frequency

adj usting capacitance section by altering the area of the el ectrodq &gt 2004
provided on the substrate plate, forg exanple, or by adjusting the

position of the substrate plate on which the antenna is nounted. Mre
specifically, the capacitance value of the frequency adjusting

capaci tance section can be adjusted when nounting the antenna on the
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different angles to the coil axis.

By adopting such a structure, the mutual interference of the antenna elements is

reduced more effectively and the gain of the overall antenna is increased.

The overall effect of the antenna according to the present invention are
summarized below.

According to the present invention, because a inductance section and a
capacitance section are connected in parallel in each antenna element, and plurality of
such antenna elements are connected in series, the gain is increased, and also, unlike the
monopole antennas or helical antennas, the size of the antenna can be reduced because
the antenna is constructed of solid-state circuit elements. Accordingly because the
antenna can be incorporated into various devices for processing radio signals, there is

no need for antenna to be extended manually so that the danger of breaking is



I ncreased. Also, it is preferable that the planes in two adjacent coil
sections are inclined at different angles to the coil axis. By ad@ftbiig200
such a structure, the nutual interference of the antenna elenents is
reduced nore effectively and the gainh of the overall antenna is

I ncreased. The overall effect of the antenna according to the present

I nvention are summarized below. According to the present invention,
because a inductance section and a  capacitance section are connected in
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Also, according to the present invention, because the portions that circle the
coil axis are contained in associated planes that are oriented at an angle to the coil axis
and are arranged in parallel to each other, the mutual interference between the antenna
elements are further reduced to enable to construct a high gain compact antenna.

Also, according to the present invention, because the planes that substantially
contain the portions that circle the coil axis of the conductor are oriented at different
angles in the coil sections of adjacent coil sections, the mutua) interference between the
antenna elements is reduced to enable to construct a high gain compact antenna.

Also, according to the present invention, because a conductor section is
disposed between the adjacent antenna elements, the mutual interference between the
antenna elements is reduced to enable to construct a high gain compact antenna.

Also, according to the present invention, because the coil section and the

condenser section are constructed of a lamination in which the first to fourth conductor



oriented at an angle to the coil axis, the nutual interference between
the antenna elenents is reduced to enable to construct a hi gh gai 178 0EC 2004
conpact antenna. Al so, according to tP‘i present invention, because the
portions that circle the coil axis af®e contained in associated pl anes
that are oriented at an angle to the coil axis and are arranged in
parallel to each other, the nutual interference between the antenna
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substrate plate having a  second electrode so as to form a frequency adjusting capacitance
section between thefirstelecrode  and the second electrode,  itispossible to adjust the
capacitance of the frequency adjusting capacitance section by altering the arca of the
second electrode  provided on the substrate plate, or by adjusting the position of the antenna
to the substrate plate by mounting. When assembling the antenna into a product, a shift

in the antenna frequency caused by the effect of casing and the like can be corrected by
adjusting the mounting position of the antenna so as to change the capacitance of the
frequency adjusting capacitance section. Or, it is also possible to deliberately change the
frequency of the antenna by a large amount.

Also, according to the present invention, because the plurality of antenna
elements and a firstelectrode  formed on a fifth plane that opposes the first to fourth
planes inclusively are contained in an antenna main body; and the antenna main body is
mounted on a substrate plate havinga secondelecode  insuch a way to form a frequency
adjusting capacitance section between the fistelectrode  and the second electrode,  itis
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adj ust i rpjanehare gapstintesnby twe loppesing: pleacs of aHérsssubstratgtplatg) and thyy third

mount i ”Q%Iaﬁ/éhﬁﬂl 188 FGUFY J128ksRE corBitnfiay W@p%.siﬂé PHHAES of Rsetdhll Substralche
antenna Trequency caused by the effect” of casi ng and the |ike can be
cor r ect erjatey and thieshifth planseis ropstituisd Byck piang ot 5r Teguengy, adivsting substrate,

change t{)gieCadpbtFird GRbsiatd flate] the G&tDRE ¥ubkiiattSplai Gné #RPFequRACL adiB&tingON.
O, it is. also osshgﬂ}ﬁ#ﬁo el.i ber at el chan%%tglcla%#re ugalr’}cré of the
ant enna SSURE Rlgfs 2 nated pyifhe Fespe Py eing 2Uon: BHRY B Mnt s
and t he ihtegfil @nitythadnteahi iSomedea @t aniteand dahdling is facilitatdivelodned onnting

t hree-di hensions s h t he_antenna does not occupy a | arge space when
It is itﬁ‘g%‘?tﬁg?aa?negs‘lsbﬁ?%m&ﬂa &vice to enable to miniaturize the device.

Al so, according to the present invention, because the first plane and the

second plane are consgy e Awmggsof a first substrate
SBRIEH BESPRIFMRN BRONIE 2

plate; and the third plane and the anes are caonstituted by two
opposi ng pl and&igwre Lis aamempactivgydey af an example of ahaptenna in Embodyped ofs
const it uhegrddvntanitintiog. Of a frequency adjusting substrate plate; and

2l ust | ng  SUBRERE L 5 WPLIEY @ Mo ARG ohite et EOBAE S By
i nsul at igesehaineestiomt o an  integral unit, the antenna is made as one unit
and handl i ng il*slgxfxrac(‘?i fsiats% gnqat\xlcmgzrﬂgranxgusﬂg\iwn the laminated structure of the antenna
in Embodiment 1 of the present invention.
Figure 4 is an equivalent circuit diagram of the antenna in Embodiment 1 of the
present invention.
Figure 5 is a diagram showing a radiation pattern of an antenna of the present
invention.
Figure 6 1s a diagram showing a radiation pattern of an antenna of the present
invention.
Figure 7 is a perspective view of another example of the antenna in
Embodiment 1 of the present invention.
Figure 8 is an equivalent circuit diagram of the antenna shown in Figure 7.

Figure 9 is a perspective view of an example of an antenna in Embodiment 2 of



the antenna on a. substrate plate. BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 is a perspective view of an exanple of an antenna in Enbodi 2004
1 of the present invention. Figure % is a top view of the exanpl e “of
antenna in Enbodinment 1 of the present invention. Figure 3 is a
schematic di agram showi ng the | am nated structure of the antenna in
Enbodi ment 1 of the present invention. Figure 4 is an equivalent circuit
di agram of the antenna in Enbodinment 1 of the present invention. Figure
5is a@ﬁ‘ﬂ@ﬁ%&‘ﬁ&ﬁﬂrg a radiation pattern of an antenna of the present
:32}[/22;13021‘ rlgggme f0iis a phrgeeave SA‘E%W(Iifgaﬁoma{dleaamph phttheranterfnaain

e pre i 'nvention igure 7 is a perspective view of
anot herEmshagdim %?fs&ﬁé’f%?ﬁ'ﬂtéﬂﬁeé‘ UYOR  Enbodi nent | 01I‘D thg present invention.
F| gure 8 is em .gqquglaﬁrﬁqumaranucirmdl digpaum of thehemtcnae shoowss froliguies Fi gur e

. Flgure egtive view of an ain

Erbodt TR0y reBiosey sdyolite Sepniice PPk EqRhop RURIEERES 1,
perspective Wigiredf iangicispectiveavipiefah exampimefeamanténma lgrﬂs@l@ndmnnt P of

t he presetg i nve ntlog Figure 11 is an equivalent circuit diagramof the
ant ennd¥ BHBGFT %Y es 9 and 10 with a frequency_adj ustin

capaci tance sRigticd3 isartopvisyuehthe exdinpbt ofethe anenaaireEmpodiment gé}fsﬁbéct ive
vi ew of acn@%gﬁlmq]lof an antenna in Enbodinent 3 of the present

i nvent i BRC"Fi'gure 13 is a top view of the exanple of the antenna jn
Enbodi nent 3 ElguItEhé‘l iprae sehematicydingrash shawiggr e 1laminated SiHeuEs © th? agr am

showi ng, fhe .| mﬁﬁﬂerﬁtjdf%éj?t%sﬁlfl idvegtiomnt enna i n Enbodi nent 3 of the
pr esent |nvent|on ure 15

per specti i ew of
antenna i n Enbéudienenis MPCf%HCC?YFeV‘ﬁWé%fe%FC’ﬁ l%?ﬁl ?nt%?"ﬁﬁ?‘er’e‘&@”?@e’%
nl argedofttgp gég@[wlmcnhbg COI| section of the antenna shown in Figure 15.

E:‘ gtj LZ 17 algm%n{f)a is an n ar edvtogv‘\jlgle tf'?ﬁc %(())ill lscc%%ﬁtc"fotﬁe e ARL SRGK G P! €
Figure 15.
Figure 17 is an enlarged top view of the coil section in another example of the
antenna in Embodiment 4 of the present invention.
Figure 18 is an equivalent circuit diagram of an antenna in another

embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the following, preferred embodiments of the present invention will be
explained with reference to the drawings.

Figures 1~4 show the antennas in Embodiment 1 of the present invention. In
the diagrams, antenna Al has two antenna elements E1, E2, and these antenna elements
E1, E2 are electrically connected electrically in series. The antenna elements El, E2 are
comprised respectively by having an inductance section 1 and a capacitance section 2
that are connected in parallel. Figure 4 shows an equivalent circuit of these connections.

A junction point P1, which is a terminal belonging to the antenna E1 and
represents the end that is not connected to the antenna E2, is connected to the feed point
3 from which power is supplied to the antenna elements El, E2. An impedance
matching section 4 is connected as mathing circuit externally to the feed point 3 to
match the input impedance of the antenna Al (refer to Figure 4).

Further, a junction point P3, which is a terminal belonging to the antenna E2
and represents the end that is not connected to the antenna E1, is connected electrically

in series to a frequency adjusting capacitance section 5, and other terminal of the



antenna in Enbodi nent 4 of the present invention. Figure 18 is an

equi val ent circuit diagramof an antenna in another enbodi nent. (}8 DEC 2004
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS I n the follow ng, preferre

enbodi ments of the present invention will be explained with reference to
the draw ngs. Figures 1-4 show the antennas in Enbodi nent 1 of the

present invention. In the diagrans, antenna Al has two antenna el enents

B, B2, sa nE{'%&JESet?{Ee&'ﬂgéhekgﬁ%gBﬁ 5 lgkrouggecp(réfc? cﬁpfgﬁﬂc%' |y connect ed

electrlca nna efenents ar conpri sed
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of these connections. A junction point” Pl ich.i rm nal bel ongi ng
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supplied to the antenna el enents

l edance t ion 4
i s connéetend GpaduelphPRtETRs)r Batls ObSivEr ﬁ‘&l ]‘V"ﬁ‘%%"é‘spélé&f (ﬁuﬂt c@% mat ch
the i npyim WREAAE 0D10hm mﬁ;kaéusezaﬂa@ed\kcspmfvery droa ﬁlagu 1@a (st pIEmeD heda a

junction_ poi s, a termn bel .ong t a and
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el SCt r L@@str}ﬁe platcseﬁnaaa:ﬁﬁmc@dfumqwem aaa weeft 1. ﬁgmuariargth émeleg&;wllmn 5,

and other term the 2.8 f i tance
sect i on“8MeEtng gl?n%?élgufﬁ%ﬂ) tlteq]% ag(?gz %y &ﬁﬂxﬂ%%ﬁ%ﬁ%d&ﬁggﬁgg@ ng 1 has
a r espedcirovgh-haled pemhtd dnolgh the sulmrafﬁhﬂatcdf)lm shecthickness dirpgicglonpri sed by a
conductor b Od}f‘h@ %ﬂn@ch&g 1§ 1§%ﬂ{pglsec§ IB?paGGO c[(ﬁ‘lbdii'yr&§érﬁlﬂlxr'gb9%huﬁe00| |

axis L1, and, S conduct or ?5}5/!’ as co duct or
t

pat t er nshaptd S(pirﬁﬂr QtrClmgwdbmﬁoar coihtaxisr h3) angh ghis seBdLates b & AN

(second pﬁ@%ﬁé"ﬂﬁ?r(ﬁ%@tcbﬁ&m&r ATRAR) Qhd S:'ohiftﬁftoxaPﬂtdﬂl@sV 12t (sétdsmnsmﬁmmf 5 mm
| engt h, % I ckne d.r eCII}\1/e| 0 E

pl ane 1@attqrs) Bxadppbsilyer andihaying, ‘é‘FFé‘S‘PB’E)"fi m& Qr?e T 5’?% @ i ent ed
par gl ! telmrh Ghitkess, Lf?gﬁécﬁfe@pdﬂn&&l@ 0|11Q1 ﬁltﬁ%as ];ma (f&smme)taad plpaane)l,Oba(a@bomdl | )
conduct or segtion 13a e Q t he
conduct glamBhiebAforEReLRrEalIes o by shasrest Bl Lt ke SEAPP AL GBH,

t hr ough-cbsdugsorpsedbe dl 3bhob gh nithelesgthsfor aﬂie:tpd:adlyeccllowctlmg the condikigss
direction, The.coil lon. 1 b i.s

resenbl i ﬁij“& g&ﬁaﬁ“g Fg%é-‘f)é%le anglorfa &gr% (ﬁl%g)rb%})%it ﬁgn{go ho%%?sg%n?hed d
this comhhmgtothctsuligtrahaplatpolﬁimdh@ﬁllcmasst(blﬁntsom1b (first conductor

patterns) and ﬁ%r}ﬂﬂﬁ-ﬁ% En%?hé WQMIOSQ@QUIH Erconﬂﬁicte‘ﬂréaﬁﬂs tomide
of silver and havi I men mm | eng
spiral for a number of tums (flve turns in this embodlmcng in thc same SJ[]CCUOD
(clockwise direction in this embodiment) about the coil axes L1, L2.
The coil sections la, 1b are connected so that they are substantially collinear
through the junction point P2, and the external dimensions of the antenna Al are 26 mm
in total length and width of about 5 mm. Here, the inductance value of the inductance
section 1 in this embodiment is 250 nH at 460 MHz.
Figure 2 is a top view of the antenna shown in Figure 1, and represents an
enlarged view of the coil sections 1a, 1b seen vertically in the direction of the axes L1,
L2. As shown in Figure 2, the conductor patterns 11a and conductor patterns 12a of the
antenna element E1 and the conductor patterns 11b and conductor patterns 12b of the
antenna element E2 are formed in such a way that their orientation angles with respect
to the axes L1, L2 are different. That is, the adjacent coils 1a, 1b are oriented so that the
mean angle between the axis L1 and the conductor patterns 11a, 12a of the antenna
element E1 is o, while the mean angle between the axis L2 and the conductor patterns

11b, 12b of the antenna element E2 is {3, so that the angles o and § are different for the



mm t hi ckness, formed respectively on a plane 10a (first plane) and a

pl ane I ob (second plane) that are oriented parallel to the substragdg DEC 2004

plate 10 (first substrate plate); andggcoil conductor section 13b of 1.5
mm |l ength for electrically connecting the conductor patterns l1la and 12a
by means of nmetal conductor filled in through-holes punched through the
substrate plate 10 in the thickness direction. The conductor body
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250 nH ’'s a view of the antenna shown in Figure
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Further [e4 these angles a and P are selected angles other than 90

degrees Bfe specifically, the coil section la is constructed |§ such a
way that the THEenadeder ofshe mlmng@ 1a jfginclings atap anglg ok is GiiBle bt he

portion yhal Jﬂ fifat €3 drlRfiteddt SighPRds tohtBd plnk Of & pdper af<F uh312 ahd) atdre
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oat ter n indnedrd aaneg leao rhecqsrrmh&aeﬁ BFRIgR Seations;15a area ﬁnnSUF 4 way
directi Oﬂﬂamlett eétidak, 15&@1@%& hﬁérsédneh@pighes H1 regée:pn nethelsarepoiat ates t o

an avera gle t. the tur section 15 t 1
when vi rR?ﬁ‘Ft bb\?}é‘s sgpzmqna,t R'm’flﬁese‘étbqqs gseac?lag c\i\%‘wto e 'ﬂéh&ed— in
such a mytaﬁnhﬂty inhke planebd1l oMsossm@rthedomctdrqxattcm 11a amdﬂhwg:osé@cntpbn 15b
that circles e axics t
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section ﬁﬁﬂlellt'scadmulih@e.d in the direction of the axis L2, such that the
angle P "ref er%ﬂﬁla&lﬁ[ﬁ rcﬁhaﬁ&&ﬂ mm@%n%@tl@rpgﬁ% idefihed Beart BAgE T

section 15b axl s en vi fro
and is divisible by planes H2 that are oriented at right anglcs to the plane of the paper of
Figure 2 and are inclined at an angle to the axis L2, and the turning sections 15b are
made in such a way that the turning sections 15b do not intersect the planes H1, H2
except at the start point and the end point. In this context, the turning sections 15b may
be said to be included in the planes H2. Also, since the conductor patterns 11b and the

conductor pattern 12b are formed parallel to each other, the turning sections 15b are

formed parallel to each other.

Further, the conductor pattern 12a of the coil section 1a of the antenna element
E1l and the conductor pattern 11b of the coil section 1b of the antenna element E2 form
an angle between about 90 degrees and roughly an acute angle v at the junction point P2
when viewed from above, as shown in Figure 2. Accordingly, the coil sections 1a, 1b
are constructed so that they are wound at different angles of inclination. The result is
that, in each coil sections 1a, 1b, the directions of the magnetic fields produced by the



above. The conductor of the coil section la is inclined at an angle a and
is divisible by planes H that are oriented at right angles to the pDehell
of the paper of Figure 2 and are incljisned at an angle to the axis L1,

and the turning sections 15a are nmade In such a way that the turning
sections 15a do not intersect the planes Hl except at the start point and
the end point. In this situation, the turning sections 15a nay be said to

be inclu . S ntihally in th | anes. Hl, .Al so, since the conductor
patter nsﬂﬁ%éngaﬁ'g-?ﬁén @8 ﬁﬁ%’gf%‘fe wg]a%) 015 42> 1b InieTSect 3t an aggledn thy vicwiach

ot her, t bfthejundtiog peextPlons 15a are forned parallel to each other.
Simlarly, the or bo ofy,the coil,.section I b i.s inclined at an
angl e a%d i's éﬁg%ﬁﬁ‘@cﬁﬁ'“g{"&ﬁésbaﬁé TEIRAEUVE ONErSEn 1660 22 P bt angl es t o
the plane of tTHbe pomdensayfsectionydae 2B arncomprised 18/ feswedtio cond | t he
axi spL2, ﬁp@ B%t rrai ssc Atnigo arrgp rraggl 'cn such a V\lgmtrﬁg%ﬁtshe
turni ng A8 dlchg E‘g&hﬁ%ﬂﬁ gf%égp hayine 4 M?“%Sh@ic‘é&-ohm he
start pothitkngssdaridaadmaf gibientandlane formedaespcenvely obea plane 209 (healplaRy 150
ma be ' ' | h | anes H2.. Al so, .since,the_conducCtor
pa%/t erns 1%}) fgﬁ% Qiﬁh «t:fa&%% ﬁ%g'gi {ct:’?tt aﬁgtoggﬁtﬁ g P ?ﬁ'ﬁﬁlr e lﬁ%f"f‘]’éﬁ“‘ﬁdﬁla&l’ ﬁ@ (secgndach

ot her, t¥rbstrale piate) thedwas dresarBticngth and widte dimensidnsek theofisasibswit plate

Furt her, NEYHQ t ' ' la,.0f the antenna
el eront ' %8 IRANCHRLAG: RNl 21 b ind HRa6A0; pREL P, 22 Hes PGB | e
ant enna YIROREIQE. ARds gRercorgpcinT Patten 2l o ththateng0 cléoyot & isnmbonenghl y an

acute angearivaln! 1d e F4BCHIiRN3AORIN 2 orhih EBpicRCHatlcr 2810 \GmndiFe P NOVN
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poi nt P2the Tapaciagrgseetioncingbistemirodindent #s80pF ats4dMHze condenser section
2a or 2b. The | r rised respective
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formed radgpmati vely on a plane 20a (third plane) and a plane 20b (fourth

plane) that arg oriented parallel to the substrate plate 20 (second
substrate pl at c"ﬂfﬁ‘ﬂ% RIRRINE SREQNcholor matehing theninpptrimnptdanes ofthehe
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on top of a surface 50a (fifth planc) of a substrate plate 50 (frequency adjusting
substrate plate) having the same length and width dimensions as the substrates 10, 20.
The substrate plate 50 is disposed so that the electrode 51 faces the inductance sections
1 and the capacitance sections 2, and is stacked in parallel to the substrate plate 20 so as
to clamp the substrate plate 40 comprised primarily of alumina serving as the insulation
layer. In this way, the antenna main body B1 is comprised by laminating the substrate
plates 10, 20 and 30 having the antenna elements El, E2 formed therein, and further
laminating the substrates plates 40 and 50 on the laminated body.

The antenna Al is constructed so that, by mounting the antenna main body B1
on a printed board X, the frequency adjusting capacitance section 5 connected in series
electrically with the antenna element E2 is formed between the electrode 51 and the
electrode 52(secondelectrode  ¥ormed on the printed board X. That is, the antenna main
body B1 is mounted on the printed board X so that the electrode 51 and the electrode 52
are opposite to each other and that the capacitance value is determined by the area of the




electrically to the junction point P2. Al so, one conductor pattern 21b of
the antenna element E2 is connected electrically to the junction p@igRC 2004

- P2 while the other conductor patterpg22b is connected electrically to

the junction point P3. The capacitance value of the capacitance section
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the area required for mounting and fo increase the convenience for mounting the device.
Also, as demonstrated in this embodiment, mutual interference between the
antenna elements E1, E2 is optimized by winding the coil sections 1a, 1b of the antenna
elements E1, E2 differently so that the magnetic fields produced by the current flowing
in the coil sections 1a, 1b are intersecting, thus reducing the directivity for signal
transmission and reception and increasing the signal gain, compared with the design
based on a simple linear arrangement of coils without giving difference for windings.
That is, the coil sections 1a, 1b are constructed in such a way that in the
adjacent coil sections 1a, 1b having the axes L1, L2 arranged approximately collinearly,
the turning section 15a and the turning section 15b, that constitute conductor bodies of
the respective coil sections la, 1b, are oriented with respect to the axes L1, L2 at
respective angles a and B on average, which are different than 90 degrees, so that the

directions of the magnetic fields generated by the current flowing in the coil sections 1a,



el ements as descri bed above, it is possible to adjust the signal gain.
Because the antenna contains a circuit having an inductance SeCti?ﬁﬂ%E2M4
and a capacitance section 2 so as tojycapture varying nmagnetic fie
conponents and electric field conponents of radio waves, the antenna can
be made nore conpact by optim zing the values of the capacitance and

I nductance. Here, it should be noted that there are many nore possible
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y the action of the impedance matching section 4, the impedance in the
transmission path from the high frequency power source of the high frequency circuit
connecting to the feed point 3 and the input impedance of the antenna Al are matched,
thereby enabling to minimize the transmission loss.

As described above, according to this embodiment, because the axes L1, L2 of
the coil sections la, 1b of the antenna elements El, E2 are arranged substantially
collinearly, and the turning sections 15a, 15b of the coil sections 1a, 1b are contained
within the planes H1, H2 that are oriented at an angle to the axes L1, L2, and because
the antenna elements E1, E2 are arranged in series so that the directions of the magnetic
fields in the inductance sections 1 will intersect one another, uniform radiation patterns
can be obtained, and furthermore, the mutual interference between the antenna elements
El, E2 is reduced and the gain is increased.

For example, Figure 5 shows the directivity of the antenna elements E1, E2



and the conductor pattern 12a on the coil section |la of the antenna

el emrent El and the conductor pattern 11b on the coil section |Ib Qﬂ3EME2m4
antenna el ement E2 are oriented at agg angle y of about 90 degrees in the
top view, so that the magnetic fields produced by the current flowing in
the coil sections la, Ib intersect at an angle close to 90 degrees in the
regi on near the junction point P2, thus reducing the nmutual interference
bet ween t he,. anten
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through the impedance matching section 4 to give a matching impedance of 50 £, and

one end of the frequency adjusting capacitance section 5 on the terminating side was
grounded through a 10 mm length conductor wire attached to the copper cladding on the

substrate plate.

According to this embodiment, because the antenna is comprised by circuitry
so that, unlike the monopole or helical antennas, the antenna can be miniaturized by
optimizing the capacitances and inductances. And, because the antenna can be
incorporated in the interior of various devices for transmitting and receiving radio
signals, the need to physically extend the antenna is eliminated as well as the danger of
breaking is eliminated and the overall appearance is improved.

Especially, because the inductance section 1, capacitance section 2 and the
frequency adjusting capacitance section 5 are provided in one unit by laminating the
substrate plates 10, 20 and 50, the antenna Al can be formed within a small three-



can be made conpact. Also, for exanple, Figure 6 shows a radiation
pattern within the Y-Z plane in terns of the power distribution ff@g{@lym
antenna el ements El, E2, whose inductignce in the inductance section 1 is
69 nH at 1 MHz and the capacitance in the capacitance section 2 is 30 pF
at 1 MHz. The maxi mum gai n obtai ned was 1.63 dB; at 478 MHz. Wen the
angles a and P were both set to 90 degrees, the maxi num absol ute gai n was
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Further, when ?%&@é’enﬁf&' H%’%esﬁilf the afiRHAY BY BPdiREeRValkeedr BRard X,
t he capaci tance of requen Justing capacitance section 5 can be
adj ust ed-apscitance of the frequency adjusting capacxtancc sectlon C3 and the corresponding

values of maximum gain.

Table 1
Capacitance of C3 (pF) Center Frequency (MHz) Maximum gain (dB,)
1.1 553 0.54
1.5 513 2.80
3.0 428 2.42
3.5 380 2.95

Here, the gain was obtained by preparing a copper-clad glass epoxy substrate
plate of 300 mm square, and removing the copper cladding from a corner to form an
insulation region of 50x150 mm, and placing an antenna A2 having external dimensions
of 26 mm length and 5 mm width and 2 mm thickness on the comer. A high frequency
input cable was attached to the feed point side through the impedance matching section

4 to give a matching impedance of 50 Q, and the other end of the antenna A2 was



varying the installation | ocation or by other nmeans, so as to enable to
adjust and alter the frequency of the antenna Al flexibly. The fr BEN G004
adj usting capacitance section 5 may bg provided separately from the
antenna main body Bl so as to facilitate adjustnent of the capacitance.
For exanple, it is possible to design so that the frequency adjusting
substrate plate 50 is not provided integrally with the substrates 1030
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2. When the external dimensions of the antenna A3 are 7 mm overall length, 3 mm
width and 1 mm thickness, the antenna A3 produced the center frequency of 2.356 GHz
and the maximum gain of 0.98 dB,.

Here, the gain was obtained by preparing a copper-clad TEFRON ® substrate plate of
52x30 mm, and removing the copper cladding from a corner to form an insulation
region of 10x30 mm, and placing an antenna A3. A high frequency input cable was
attached to the feed point side through the impedance matching section 4 to give a
matching impedance of 50 Q, and the other end of the antenna A3 was grounded
through a 5 mm length conductor wire which serves as a capacitance refered to as C3in
Figure 11.

Further, as shown in Figure 10, the inductance sections 1 of the antenna A4,
operating at 100 MHz for example, may be comprised of coil section 1a, 1b that have
two turns in each coil. Such an antenna A4 has an inductance of 8.0 nH in each of the
inductance sections 1, and a capacitance of 10 pF in each of the capacitance sections 2a,
2b. When the external dimensions of the antenna A4 are 7 mm overall length, 3 mm
width and 1 mm thickness, the antenna A4 produced the center frequency of 2.346 GHz

and the maximum gain of 0.84 dB,



amounted in. As shown in Table 1, it can be understood that the center
frequency can be varied in a range of 380-510 MHz by changi ng t he Mabtiedl04
of the capacitance of the frequency2adjusting capacitance section C3.
Dependi ng on the condition, it can be also useful to work the antenna at

t he frequency of 553 MHz, although the gain is lower than at the other
frequencies. Al so, accordl ng to the enbodi nent descri bed above, five
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0.84 dB;. 2 8 %@, 8% nddctor patterns 11a, 11b, 12a, 12b and conductor patterns 21a,
21b, 22a, 22b, serving as a conductor body formed on the substrate plates 10~40, are to
be formed beforehand by screen printing a conductor comprised by a metallic material
such as silver on the green sheets making the outermost layer of the substrate plates
10~40 by sintering. On the other hand, the coil conductor sections 13a, 13b that punch
through conductor patterns imprinted on the substrate plates 10~40 in the lamination
direction and provide electrical contacts are to be formed by filling the through-holes
with a conductor such as a metal. And, by laminating a plurality of such green sheets to
produce a unitized insulation compact, these conductor patterns and conductor sections
become embedded inside the unitized insulation compact before sintering, and after the
sintering operation, they form electrical circuits within the insulation body that function
as the antenna.
As shown in Figure 14, the antenna AS is comprised by laminating a substrate
* plate 60 of sintered green sheets on one side of a substrate 10 having the inductance
sections 1, and on a side opposite to a substrate plate 20 having the capacitance sections
2. On the substrate plate 60 is formed a plate insertion section F superimposing on the



Here, the gain was obtained by preparing a copper-clad TEFRON O substrate
plate of 52x30 nm and renoving the copper cladding froma cornerzﬁq]npt 004
forman insulation region of 10x30 gm and placing an antenna A4. i gzn
frequency input cable was attached to the feed point side through the

| npedance matching section 4 to give a matching i npedance of 50 Q and
the other end of the antenna A4 was grounded through a 5 mmlength

conduct ggndifcfof wrﬁmf@rﬂssu%s 1% qa@&ﬁidhaepsatteeﬁsemd 216, 29, £ hfd thei gur e
11. The antenn S and A4 shown'in Fig urei 10 ar’e provided with a
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di agr an¥,is divided ip@rths fits plat@msemspeenﬂmhd? 1tandske sfcondhplate ﬁsgtmesechoﬂ ar e
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omtted. PE% ]IIWntSﬁP"gaté%gl een suﬁ%‘?ﬂg{i tégc %) tc@%pél%gﬁ%@ and
40 are imthallodgimdinat dimgnbioent s corrprl sed primarily of alum na, and addi ng

a binder so aa'hSI rl];%u% qg%?ﬁor? setl.c njlg)?letl% e@fnth%m?iﬁfc ﬁnﬁltc‘i”llap%r the

t hi ckness, such green eets | am nat €d each

ot her t ootm‘l!@m!qmttamﬁ rﬂéaJ éﬂ? dﬂ%é@ conflecsor Pﬁt@r@o%%ﬁa@tlbr 23132y angd theg,
11b, 123, bo@d@c?tsi seeequar 1B Rich S fprinted By sééa paaan ﬁrme rggaeﬁs a

conduct or on the substrate plates 10- 40, arsg %r med
bef or eh&RRSt by osf‘csle@ﬁmsr ffrﬁit 1S ¢abgddeshby, [amypatinganoihes gresy
mat er i akybstdeeplag 7 dfwe rsuﬂﬂ'uig]@ hat s ﬁhﬁgt Slaﬂilpkdl petwichs tlwtlﬂfstm&'s goayer

f th d..th I
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with a conduct as a ne such
green shieetricat circypisoubugeisad Wryi liamzmadlng rsgbﬁtmtq pht% Qtto fomébe @@ﬁt}dct or

patterng apgd, %WHS{;PPS??E&&& a laﬁﬁ; c sﬂéaﬁgadﬁﬂmgaldéﬁlﬁabeomm IszRd

i nsul ati'on co |nter|ng fter the sintering operation,
t hey formnd ex@bttmlg@apermrrl@mﬂﬂrg W#ﬂﬂﬁtq{lsﬂﬁ?e sp Hhﬂulltd%ap@ﬁ reaskily 1pERIPORAFIAS on

as the aRLRRABNICADLPIAYL 1ht@ Vakigu$ Padlcﬂmgﬁah Qraféth RN anrelosivadbvices yby
| am nating a substrate tered green sheets on one side of

s
a subst r‘%ﬂ“é‘“?éoﬁé‘\ﬂqﬁ‘&dﬂguit%’%@ta&ﬂégehgeect|ons 1, and on a side opposite
to a substrat gn o gdihgEnibodimichs 1edpalthotiginthe coéls bf thescon@uct@rpattesns

f ﬁgSt ' atﬁa P)k ﬁ'}e an t:onnalsele]cn(ljer r‘r%rli andFHlea ;[:oendugt% gtke%' 176 6F iR nferRd REALIPRS! N9 ON
are coiled at different angles so as to form about 90 degrees at the junction point P2, but
other angles may be used for the intersection angle. For example, when the conductor
patterns 12 of the antenna element E1 and the conductor pattern 11 of the antenna
element E2 intersect at the junction point P2 within a range of 45~135 degrees or
preferably a range of 60~120 degree, mutual interference can be reduced effectively,
and the gain can be increased significantly compared with the case of an antenna having
a same angle of coil windings.

Figures 15 and 16 show the antenna in Embodiment 4 of the present invention.
In these diagrams, the antenna A6 is comprised by two antenna elements E1, E2, which
are connected electrically in series. The antenna elements E1, E2 are comprised so that
each inductance section 1 and each capacitance section 2 are connected in parallel. Each

induction section 1 has coil sections 1a, 1b, and a conductor section 6 between the coil



22 2 8 DEC 2004 conduct or patterns 1la, 11b, 12a, 12b, the conductor
patterns 2la, 21b, 22a, 22b and the coil conductor sections 13a, 1Bb0tb 2004
provide a |large planar pattern. Vieweag the antenna main body B5 fromthe

| am nation 10-40 side, the plate insertion section Fis divided into a
first plate insertion section FI and a second plate insertion section F2
in the vicinity of a junction point P2 where the antenna elenents El, E2
are sepgdahfdis, fiBat is, as shown in a top viewin Figure 13, the plate
insertion section Fis divided into the first plate i.nsertio ection F1
and the seconin gther gespssisy tho Rage that e the Sa%et‘% Ot é%“a’?%\ﬂi"gnare

t her ebetefeedd o the s{uﬁe seTPRhed urhthgs, and eivice 1maﬁ§ar5bmlﬁai in the
Iate sertion ectLo of the sane

I t udi nal Th
ot ol for %ée{y.r Shaw Banberont BEantnRE sAvs inHigore, B R GH0ks G, of or
\mt t ﬁr nsm&@ad vidb of RAcoil gdttiansl 14, b v1ewr:di peﬁmddm:mar tes et dxend 1132, AB3b,

ich arge | nte scr.e inti e
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dlspose5 e capaci rance sectl uct ance
sect | onmaﬁc |pat@llci/mwg d@imrmeirﬁhc hendu}w)fs@ﬁﬂli’né fga comprisingdhn goihBedsivown i n
Fi gures 1%%%& me%%naéctsp z%%mpr Si r{h@gml SB6R qb ar@alﬁﬁiaae 5§Jaueu focui ts
conpri se atin strate es 10-70 to formthe unjf
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it can be rea |Iy I ncor porat ed. as ni ¢ co o I ous
radi o sipyiaze ot hsensles PE&'tﬁrﬁﬁFt’P&?&aﬂsr@ t %gch ?‘T’% b aalalﬁrl nt ed

circuit cbmarcda@adembezbnmso 9Mdégaeest or egoi ng Enbodi nents 1-3, al t hough
the coils of conduct atter h and

t he conduct or i‘bﬁl"’t"’é’t‘?{mﬁgg BKF NhE @ﬁ’t"g%rzﬁg aﬁ{i 16 ﬁ:'t %EE&’ a(r?reS%(LSo @éhﬂds

di f f er eniie elengma@enawans ¢faheraatbnna el@0ente &l cER, iatpattivyldr thesd pradyesidnt P2,
but ot har ?ll'geg (? P sga%n qa“iﬁ%géﬁg@glh%o th4tChs Ghhtu nmi’é?'ﬂt'rgnce"—tfértw@é@m%l e,

when t hé" co tetns 12 the antenna el enent El and the
conduct @d]apa'tttaemnaﬁ cmentsrfel Eatiereducede] enent E2 intersect at the junction

poi nt P2 wi t higy &séﬂf&%b@@c lﬁécdkafﬁg‘i’@ﬁﬁﬁgrﬁbéﬁlmeﬁf BEnuabihe c@ﬂrséétﬂﬁ:SQE
60- 120 degree mut ual i nterferencé can ﬁ duced eff and the

gai n caribie theienpaciemsninFl Eaneisybyt ¥ aiened plinee %&“et%SPO%‘?PCé?ﬁenna

havi ng  sectfmBisodigpRe®betieh thé dftﬂl MEondzlzg ube the thutanldinicrfesdme eheeemnt enna
I n Enbod rrent 4 of theEi':ﬁ%ent lese di agranms, the antenna

A6 is cORPIIEHY GRmentR ﬁr{gdlgf ‘ﬁ]b’@lﬁlﬂam ’é?‘jpvxlhl th are connected
el ectrical |y iHersednitkis.enftodimerteothe aintneaenconsEicted 3o shat apavprags e@luso t hat

of the angle of intersection of axes L1, L2 with the conductor of the coil sections 1a, 1b
is 90 degrees, but as shown in Figure 17, the angle of intersection may be an angle
different than 90 degrees. According to such a structure, the area of opening at the
terminal section of the coil sections 1a, 1b becomes larger so that the magnetic flux
traversing the opening area is increased and the gain is increased. And, through such a
structure that the conductor section 6 is disposed between the coil sections 1a, 1b, it is
also possible to reduce the mutual interference between the antenna elements E1, E2
and to obtain high gain.

So far, in the structure of antennas of the embodiments presented to this point
had the two antenna elements connected in series, but the series-connected antenna
elements need not be limited to two, and other designs such as the one shown in Figure
18 may adopted. The antenna A7 is comprised by three antenna elements E1, E2 and E3

connected in series electricatly, in which each antenna element is comprised by an



each inductance section 1 and each capacitance section 2 are connected in
~parallel. Each induction section 1 has coil sections la, |b, and QB[MCZMM
conductor section 6 between the coilyg2 8 DEC 2004 23 sections la, Ib

ot her respects, the parts that are the sane as those in Figures 1-8 are
referred to by the same reference nunbers, and their explanations are
omtted. Figure 16 shows a top view of the antenna shown in Figure 15,

and sho [ e :
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present g 11Q-ddtinSctB@pak of inductance section and capacitance section so that the antenna
may be constructed using conductor patterns and elements formed on a printed circuit

board.



had the two antenna el enents connected in series, but the
series-connected antenna elenments need not be limted to two, amjcgpgﬂjmm
desi gns such as the one shown in Figure 18 nmay adopted. The antenna A

is conprised by three antenna el ements E%% E2 and E3 connected in series
electrically, in which each antenna elenent is conprised by an 2 8 DEC
2004 24 inductance section 1 and a capacitance section 2 connected in
par al | el nd a.freguency adjusting capacitance section C3 is connected
ext er nal IBCEWBeg enna AT Further, nore than four antenna el enents
may be connected in series to construct an antenna. However, there is a
difficulty that, when there are nore than three antenna el enents, such
an ant enna i sAmeniensacoegrising mottless thanutaio antenes Ekementse so that the gain

may be reduced. Conversel it is, obvious that qnly pne antenna el enent
Ty be used PEICTERIRIPE ShAnARPR RIFEN AR O EHiET Bt S g SEMERFRH qui 1 e
adequat G‘él#é}ﬁ c@ﬁﬁaﬁ%&% ih&'unfﬁﬁ:@ se&fon%hﬂ&tédgﬁ' \éfa%\:'% £ntenna el enents, if

the gain each ant enna el enent 1s assune be -5dBi, it is possible
t o i ncr eap&itahee gration.up to 3dBi by connecting two such antenna elenents
in series as described in the above enbodi nents, so that the
configuration proposed in this enbodi nent of connecting a plurality of

ant enna ¢l emesy, ntefnaS @R ireSnot Wk HRnGbGRldhHE elefhehiC €asi ng the overal |
gain of an antenna. It should be noted that the various design paraneters

of an ant ennavierein agdutality ofrantemna elemeentt ¢ zennetted acserescind@aclointema
ant enna, ,especi al |. t he di nensi ons of the . cor;ﬂglgser section, aci gg of

, S
the con CPBIPH @RS SFSHI98 SOBMRATAIR ParallfO RFPadaERSacliphgn
nunber of CONUMEARNAuIANSS et e HbAGS il irellaheaREich Bk ar ©

not limted to the values nentioned in the enbodi nents, such that for

t hose amlirenthers oflmagnagc Oelids geremated by ratiren ffoveng eneck sndmetanhaveticn afeer ent
parameter, values wthin the allowable limt of the fabrication
technol&EﬁﬁcﬁﬂﬁiW§$ﬁ%?@?° ¥ is not necessary to construct the antenna by
| am nating substrate plates so long as the structure has in the antenna
el ement is conprised by parallel-connected pair of inductance section
and capdci t anfcieantenna empingwt lesh thaartveantennarelgmientsconst r uct ed usi ng

conductor patterns and enents forned on a printed circui,t .board. 2 8 8
£ 2004 25 WO S T2 FGY wlenna Hefitniszre Sorbet B s<ieh g™ sec BEE e an
two ant eRgene cOMPASEE anh@icBinde SedbioH 'cahidciedah panllENta Ab&ITRNESseRfiéh,
connected in series, and each antenna
wherein each inductance section of the plurality of antenna elements
comprises a coil section and the plurality of antenna elements connected in series are arranged
in such a way that directions of magnetic fields generated by a current flowing in each coil

section are intersecting with one another.

4, An antenna according to claim 2,

wherein each inductance section of the plurality of antenna elements
comprises a coil section, 7

wherein the coil section comprises a conductor formed in a spiral
shape circling a coil axis or an angular shape that can be approximated by a spiral circling a coil
axis; and

wherein the plurality of antenna elements are adjacent to each other and arranged so
that respective axes of the coil sections of the plurality of antenna elements are

aligned on a straight line.



el ement conprises an inductance section connected in parallel to a

capaci tance section. 2. An antenna conprising not |ess than two anggqﬂ@zmu
el enents, wherein a plurality of antenna el enents are connected in

series, and each antenna elenment conprises an inductance section

- connected in parallel to a capacitance 26ction, and wherein the

plurality of antenna el enents connected in series are arranged such that
directions of nagnetic fields generated by a current flowing in each

i nduct ance section are intersecting with one another. 3. An antenna

conprising not |less than two aptenna el enents, wherein -a plurality of
ant enna el enﬂ%ﬂt%aéﬁ‘?fﬂgl,gttgﬁpqlrﬁd‘seri es, and each antenna el enent

conpri ses an \bﬂk‘;’é{ﬁfaﬁféﬁﬁ_a ChidrPOK RO BARRICRA thaf cR@kddlee! to a capaci tance
section, wherern each irnductance section of the plurality of antenna

el ement sofl @R1Rré S@Rained 7 4 plapeinchnedoa dn tahglepd theadoiltaxinf ant enna el enent s
connected in series are arranged in such a way that directions of
magnetic fields generated by a current flowing in each coil section are
intersecgting w i n antenna according to claim 2,
mherein%Each‘ﬁaéﬁgﬁgﬁggﬂgé qﬁgﬁﬁgéethe plurality of antenna el enments
conpri ses a Gelidreif @oitions of whes@idactohthat cirdle Seotonlaniscareporimed pazelisbteduct or
formed in a spiral shape circling . a.coil axis or an angu.l ar shape that
can be #pPr oRFhadee pontaingsd in plpnesiinclined gt an apgle to the ol AXSy wherein the
plurality of antenna elenents are adjacent to each other and arranged so
that respective axes of the coil sections of the plurality of antenna

el ement g _ar e A4 higeerh eBordirgtoalamts, | ine. 2 8 0 E C 2004 26 5. An antenna

according to claim4, wherein_at | east. a p?rti on ,of tgﬁhconduct or that
circles the hsreinghg planes copiaining dg ROH s 9 HrCoARFPHRHS: an angle to

the coil_axis:. 6. (= J . i ; [ k e@fve
the condaBestopRyilh Bl EPREhAGEARFLRE:, WL Beflc (Bl AR PR e pe
ot her angdilaxes.contained in planes inclined at an angle to the coil axis.
7. An antenna according to claim®6, wherein the planes containing the
portions of the conductor of the coil sections, which are adjacent to

each other, ate. incll &‘ﬁﬂnrﬁﬁngdi fferent angles to the respective coil

axes. : :
not less than two antenna elements connected in series, an electrically isolated conductor section
disposed between the two adjacent antenna elements., wherein each antenna element comprises

an inductance section and a capacitance section connected electrically in parallel.

0. An antenna according to claim 4, wherein

the coil section is provided with a first conductor pattern formed on a first plane, a
second conductor pattern formed on a second plane oppositely disposed to the first plane, and a
coil conductor section for electrically connecting the first conductor pattern to the second
conductor pattern; and

wherein the capacitance section has a condenser section having a third conductor

pattern formed on a third plane and a fourth conductor pattern formed on a fourth plane

oppositely disposed to the third plane;
the first plane, the second plane, the third plane and the fourth plane being disposed so

as to face each other.

10. An antenna according to claim 9,



8. An antenna conprising: not |less than two antenna el ements connected in
series, an electrically isolated conductor section disposed betwegf Rftiel(0
two adj acent antenna el enents., wherein each antenna el enment conpri ses

an inductance section and a capacitancessection connected electrically in
parallel. 9. An antenna according to claim4, wherein the coil sectionis
provided with a first conductor pattern forned on a first plane, a
second condu [. r JofolgTel ' j o]
the it plapgeinii R Pl R GedlebiAER SRR AERERI Shnksflhaes ot
connectfiiRgsibb@att pladd; conductor pattern to the second conductor pattern;
and wherein the capacitance sectign has a condenser section havi a
third conduc‘b’b?remriB% thandrpl sy and dhe fougthganepr %F%E“‘é??db}é“’f%‘ﬂﬁﬁoﬁm&?%ﬁ Pbr
pattern forned,o rth plane oppositely disposed to the third plane;
the fi r%?ecﬁﬁ%ué’,s{}?%gﬁaggcagad pl ane, the third plane and the fourth plane
bei ng di SPOS@Hers th@Grst oubistae pae AndtHeaeconiGubAmtaplagrare lamioated iwid) ano
claim9, 2 8 DE C 2004 27 wherein the first plane and the second pl ane
are consteryapinginsylatqrolayeriaw AWGnSEEREBItof a first substrate plate;
wherein the third plane and the fourth plane are constituted by two
opposi ng planes of a second substrate plate; and wherein the first

substrafe pl AhenkAta 1SRN0 1648 Isdn @lotanpnab eleatents, ami nated with an
intervening insulation |layer into an integral unit. 11. An t enna
conpri si ng neherewsspluraity ofantenpeshments BaepRncctegip SE7es. @ﬁpqagﬂgpt,ew of
antenna_.el enents are conn Lh. seri -

conpr i s‘gEmﬁﬁeﬁoﬁ}?ﬂé?saﬂlclggg‘gﬁcl%gﬁ&g’g ncﬁéjc-l: 2o lﬁﬁqﬁ%&gﬁ e '? gﬂg’cg g%)cgglﬁ {Ee?rcllce
section, andwh¥egy Bt plurily Rf witahid glerhénta ateaionnectdinesaties aradramanact ed in
series to a frequency adjusting capacitance section. 12, An antenna
accor di #ljustiegErpIoHANcE, segi@rein the plurality of antenna el ements are
contained in an antenna main body, and the frequency adjusting

capaci tance section is provided as a separate body fromthe antenna main

body sugh thah ahh@n@ndcerdiag tedlainbbly and the frequency adjusting
capaci tance section conprise an antenna podule. 13. An a tﬁnnad e
conpr i sWhefeinghe psality g Anteniy dementharedoa 40 a{}\ﬁ’é%’i‘%mémgﬂlo afl ‘9 of

ant en.nafrggluequngtguﬁinzn&ggﬁﬁﬁ&egdi& RGrbGded AWk BiySRdA thetdr@d@Atmain
conprisestan 1 Aduc ce section connected in parallel 'to a capacitance
sect i onbody such that the antenna main body and the frequency adjusting capacitance section comprise

an antenna module.

13.  An antenna comprising not less than two antenna elements,

wherein a plurality of antenna elements are connected in senies, and each antenna
element comprises an inductance section connected in paraliel to a capacitance section,

wherein a plurality of antenna elements and a first electrode connected
electrically to the antenna elements are provided in an antenna main body; and

wherein the antenna main body is mounted on a substrate plate having a second

electrode so as to form a frequency adjusting capacitance section between the first electrode and

the second electrode.

14. An antenna according to claim 9,



wherein a plurality of antenna elenments and a first el ectrode conn tﬁg
electrically to the antenna el enents are provided in an antenna nag% C 2004
body; and wherein the antenna nain body is nounted on a substrate plate

. having a second electrode so as to forpra frequency adjusting

capaci tance section between the first electrode and the second

el ectrode. 14. An antenna according to claim9, 2 8 DEC 2004 28 wherein

the plurality,of antd f;ﬂﬁ&% iR %%ﬁ efithefts é[nﬁ%tﬁr@ &Eétfo‘&@%rfr&rdr@ﬂa ffth Plafnb fHah

pl ane that opposes |rst to fourt anes i nclusively are contained
in an agppsyes tHeskirst toderith ﬁndewmanawdymmcmlaMm amaanmerineai}mm bodmand ed on
a substrate plate having a second el ectrode

%as&iﬁ) grmafreg Eecﬁ
af'l utstl ng cagd@;flaﬁwem%@mw B@‘b{/\léél?f’“tnﬁ‘él 7 ¢ SOSEFER'D %‘:%%a:%% t le pde

eciroaqge. n e r1i1rs ane
: tor . RN ERL R Tl bt e BUOR Hiebwe 1B Sl p

and t he 5888 EWO opposi ng planes of a first

subst r atpcihdd #id ﬂ«,@gé@naetdmoadwl rd plane and the fourth plane are
constituted by two opposing planes of a second substrate plate; wherein

the fifth plane is constituted by a plane of a frequency adjusting
substr at plane; and wh ntenna main body is fornmed by
| am nat |lﬁg tﬁénzﬂt?rg{a §ﬁ%r§ﬂga?5{aﬂﬁa?é the second substrate plate and the

frequency adjitdinthesfiMaspland ﬂ]d&ha&@oh@g%h @fe otinktiruredsyersiol opposing planeeof ng
insulation layers into an integral unit. 16. An antenna conprising not

| ess t hdmsttsubsteate plAtea el enents, wherein a plurali ty of antenna el enents

are connected .in.s &R planes of
i nduct ance se(,lle’f%ﬂ éotﬁﬁg@?ﬁg aﬁﬁﬁ%afrgglltﬁglmto a capaC|t nce@gtl%ﬁ -

wher ei nase@&{aguammépm@ section has conpri ses a c0|I section, wher ein

the coil section conprises a. conductqr fornmed a hap rcling
a coil axis ovheaﬁnélpfgﬁﬁlap agf i ROnsiHYted byi? Haney pﬂ'%’?ﬂ ‘fyeﬁljﬂémé SEB? aff

circli n%lzﬁn axis; and wherein the plurality of antenna el enents are
adj acent” 10" each ot her and arranged so that respective axes of the coil
sections of tdierghuiedrténnaahaih bed;arstfenmilalbnmmtmgah@ﬁeﬂt s@s@dtecmata, the
straight line. 17. An antepna accordj. g | aim mgrel at, ccc?%%
por t i on sefondrubgtEteiniateAndtAgireqyengy adjiu f’tfat%& age toge gn‘i“ HE8°S

pl ane 1&%1’\!6%% 1ﬁ§ul§fbnaig%?1rh(9aﬁ Hﬁeg}ﬁlidnjtax' S.

16. An antenna comprising not less than two antenna elements,

wherein a plurality of antenna elements are connected in series, and each antenna
element comprises an inductance section connected in parallel to a capacitance section, wherein
each inductance section has comprises a coil section,

wherein the coil section comprises a conductor formed in a spiral
shape circling a coil axis or an angular shape that can be approximated by a spiral circling a coil
axis; and

wherein the plurality of antenna elements are adjacent to each other and arranged so

that respective axes of the coil sections of the plurality of the antenna elements are aligned on a

straight line.

17. An antenna according to claim 16,

wherein at least a portion of the conductor that circles the coil axis is contained in a plane

inclined at an angle to the coil axis.



2 8 CE C 2004 29 18, An antenna according to claim17, wherein the

pl anes containing the portions of the conductor of the coil section?gggtzm4
whi ch are adjacent to each other, are inclined at different angles to the
respective coil axes. 19. An antenna conprising not |ess than two

antenna el enments, wherein a plurality o#9 antenna el ements are connected

in series, and each antenna elenent conprises an inductance section
connected in parallel to a capacitance section, wherein the plurality of
the antenna el enents are connected electrically in series to serve as a

resonan syste so_that. the .entire assenbly as a whol e resonates at a
B ° Rodilsnts varabid i o7

resonan priovi des a function of transmtting and

recei ving ragierelyitRplantd cofinRitBe pertionspf theicogdueadr dfeths than two
antenna el enments, wherein a. plurality of antenna_el enments are connected

in seri es] seatidng adicheare edjagent & esebwthercarpinchiaed ardifiprentanghesdo daciesRpctive
connected in parallel to a capacitance section, and wherein each
i nduct affib®%&8cti on of the plurality of the antenna el enments has
substantially the sane inductance and each capacitance section of the
plurality of antenna elenments has substantially the sanme conductance;
each ant@nnaAslanent campasing sonlasctbars bee awenisl¢mepisubst antial |y the sane
resonance frequency nd the plurality of such anten i ng
connected el & P‘?"&%Pl"yﬁalftﬁ ogéli’tf”g‘? fﬂ%}nggg o cggnecée‘flgs?gﬁ%g%@ ggi/%tr%?ﬁnngo t hat
the ent g ﬂﬁéo?@gﬁaaésaﬁiﬁu\eﬁﬁ&@seeﬁép&%%&eﬁn Barkipdl 00 a Raacitamguenton,
t her eof ang pro es a function of transmtting and receiving radio
waves. wherein the plurality of the antenna elements are connected electrically’1n senes to

serve as a resonance system, so that the entire assembly as a whole resonates at a resonance

frequency thereof and provides a function of transmitting and receiving radio waves.

20. An antenna comprising not less than two antenna elements,

wherein a plurality of antenna elements are connected in series, and each antenna
element comprises an inductance section connected in parallel to a capacitance section, and

wherein each inductance section of the plurality of the antenna elements has substantially
the same inductance and each capacitance section of the plurality of antenna elements has
substantially the same conductance,

each antenna element as a resonance section having substantially the same resonance
frequency, and

the plurality of such antenna elements being connected electrically in series to serve as
a resonance system, so that the entire assembly as a whole resonates at a resonance frequency

thereof and provides a function of transmitting and receiving radio waves.





