RADI O BIGER BACKGROUND OF THE | NVENTI ON Field of the Invention The present
i.nventi.on relates to a radi o pager for receiving a paging signal sent from
a central station of a radio paging systemwith a mcrostrip antenna and,
nore particularly, to a radi o pager which has a high performance mcrostrip
antenna capabl e of reducing the radiation of unnecessary el ectromagnetic
waves, operates stably, and inplenents a mniature and inexpensive
configuration. Description of the Prior Art It is a common practice with

t he above-described type of radi o pager to convert a paging signal

(el ectromagneti c wave) sent froma central station to a received signal by"
a half-size mcrostrip antenna and apply the received signal to a radio
frequency circuit, or sinply radio circuit. A double superheterodyne
receiving section is included in the radio circuit. for converting the
received signal to an internediate frequency (IF) signal. A denodul ator
also included in the radio circuit denodul ates the IF signal to produce a
corresponding digital signal. A waveform shaping circuit shapes the

wavef orm of the digital signal and fegggl gckgesul ting signal to a decoder .
The decoder conpares a call si-gnal inc A the digital signal with an
addr ess 2 nunber assigned to the pager and stored in a ROM (Read Only
Menory). If the former is identical with the latter, the decoder drives a

| oudspeaker to produce an-alert tone.
BACKGROUND OF THE INVENTION

Field of the Invention
The present invention relates'to a radio pager for
:receiving a paging signal sent from a central station of
. a radio paging system with a microstrip antenna and, more
particularly, to a radio pager which has a high performance
' microstrip.aﬂténna capable of reducing the radiation of
unnecessary electromagnetic waves, operates stably, and

implements a miniature and inexpensive configuration.

Description of the Prior Art .

It is a common practice with the above-described type
of radié pager to convert a paging signal (electromagnetic
wave) sent from a central station to a received signal by a.
half-size microstrip antenna and apply the received signal
to a radio frequency circuit, or simply radio circuit.

A double superheterodyne receiving section is included -
in the radio circuit for converting the received signal to
an intermediate fregquency (IF) signal. A demodulator also
included in the radio circuit demodulates the IF signal to
' produce a corresponding digital signal. A waveform shaping
circuit shapes the waveform of the digital signal and feeds
the resulting signal to a decoder. The decoder compares a

call signal included in the digital signal with an address



If a message signal is also included in the digital-signal, the decoder
makes a-correspondi ng nessage display on a liquid crystal display (LCD)

The pager includes a battery package while the decoder includes a DC/ DC
converter fed by the battery package. The circuits nentioned above are each
“fed by either or both of the battery package and the DC/ DC converter. To
fabricate the mcrostrip antenna, use is nade of a mcrostrip base plate
consisting of a dielectric base plate and a thin conductor provided on both
surfaces of the dielectric base plate. 'The microstrip base plate is etched
and then fornmed with through holes. Specifically, the conductor is left on
one surface of the dielectric base plate in a quadrangul ar shape to form an
antenna elenment and is left on the other surface over substantially the
entire surface of the latter to formall earth plate. The antenna el enent
is connected to the earth plate in the vicpnity of one side of the

quadr angl e thereof by a nunber of through holes, so that the one side forns
a short- circuit side. Usually, the earth plate is provided.with a greater

‘area than the antenna el enent i pcrease_the antenpa_gai . n.the frontal
direction (toward r&“ﬂge’énﬁsgﬁﬁ%e%%é’ngﬁ? S S .Stored-qj-n ?n&%g%%ﬁventi onal

pager, nost of thenelegdndrg) andrekget firitee Parilaent foaeplth thet hettdxGrostrip
antenna, LCD and battery package), i.e., a major part of pager circuitry is
mounted on a printtdg éégasigirt dbbmsda Poydsamekerupopyasiuce an alert tone.
If a message signal is also included in the digital -signal,
the decoder makes a corresponding méssage display on a
liguid cristal display (LCD). The pager includes a -battery
package while the decoder includes a DC/DC converter fed
by the battery package. The circuits mentioned above zre
each fed by either or both of the battery package and the
DC/DC converter.
To fabricate the microstrip antenna, use is made of
"a microstrip base plate consisting of a dielectric base
plate and a thin conductor provided on both surfaces oI
the dielectric base plate. The microstrip base plate is
etched and £hen formed with through holes. Specifically,
the conductor is left on one surface of the dielectrié
base plate in a gquadrangular shape to form an aﬂtenna
element and is left on the other surface over substantially
the entire surface of the latter to form all earth plzte.
The antenha element is connected to the earth ;late in the
vicinity of one side of the gquadrangle thereof by a number
of thro&gh holes, so that the one side forms a short-
circuit - side. Usually, the earth plate is provided with
a greater area than the antenna element to increase the

antenna gain in the frontal direction (toward the antenna

element surface).

s



the circuitry mounted on the printed circuit board and substantially
det'erm ffies the contour of the pager. Further, the frane supports the
antenna such that the earth plate of the antenna faces the ground surface
of the printed circuit board. Such constituent parts and el enents of the
pager are accomodated in a case. Cenerally, the radiation |evel of
unnecessary el ectromagneti c waves fromthe radi o pager is regul ated by
standards. For exanple, U S. Federal Comrunications Comr ssion Rules and
Regul ations, Part 15 prescribes that the radiation | evel of unnecessary

el ectromagneti c waves fromradi o frequency devices, including the radio
pager, should be |lower than 46 dB[err]V/ mfor frequencies of 16 MHz to 960
MHz and neasured at a distance of 3 m Regarding the radi o pager, the
greatest radiation is usually ascribable to a first local oscillation
circuit included in the double superheterodyﬁé’receiving section.
Therefore, the radiation fromthe first local oscillation circuit included
inthe circuitry on the printed circuit board needs prinmary attention. To
nmeet the FCC standards, ¥frorhexamyeetrithwl phater obsttdie-thet epageichasi only
the first local oscillation circuit di sposed in a shield case to reduce

the radiation | evel Sb§CHIBUC BAFsIBE*TERE LRF et BASEOSHdReTRTS " Rnct@hses

the height of the prpated it Ciudia87r & ., DendsblShadi06al 93-%91- Lhatiqn
circuit and, therefgre, t he gJ%%&fP ?hickness OP th%apager? n addifio%,

the shield case has isombented| deregrénted herwise ehfdxed foantheuppented

circurt the circuitry mounted on the printed circuit board angd
substantially determines the contour of the pager.
Further, the frame supports the antenna such that the
earth plate of the antenna faces the ground surface of
the priﬁted circuit board. Such constituent parts and
elements of the pager are accommodated in a case.

Generally, the radiation level of unnecessary

eléctromagnetic waves from the radio pager is regulated
by standards. For exampla, U.S. Federal Communications
Commission Rules and Regulations, Part 15 prescribes that
the radiatién level of unnecessary electfomagnetic waves
from radio frequency devices, including the radio pager,
should be lower than 46 dBuv/m for fregquencies of 16 MHz
to 960 MHz and measured at a distance of 3 m. Regarding
the radio pager, the greatest radiation is usually
ascribéble to a first local oscillatioﬁ circuit included
-in the double superheterodyne receiving section.

1}
Therefo:e, the_radiation from the first local oscillation

circuit included in the circuitry on the printed circuit
board needs primary attention.

To meet the FCC standards, for example, the state-of-

the~art pager has only the first local oscillation circuit



board, increasing the production cost of the pager. Another problemwth
the conventional pager is that signal interference is apt to occur between
the mcrostrip antenna and anot her pager circuitry and between ot her pager
circuitry via the antenna. The pager is, therefore, not only prevented from
operating stably but also susceptible to external circuitry, especially
human body, which may approach it. Mreover, there is a keen demand for the
savi ng of production cost by reducing the consunption of expensive
mcrostrip base plate while preserving the high performance of the
mcrostrip antenna, as well as for-fyrther—mniaturizati on. BRI EF SUMVARY
OF THE | NVENTI ON (bj ects of the Inveﬁﬁ'

. ( ( V eRlsSREkt tils Besh Keplide@f Or € an obj ect of the
present invention to provide a radio di at es a m ni mum of
unnecessary el ectromagneti c waves. Itmﬁﬁkum]“ﬂ ﬂ“ef erred object of the
present invention to -4a - provide operable in a stable
manner and feasible for mniaturization. It is still another preferred

obj ect of the present invention to provide a radi o pager having a high
performance and i nexpensive mcrostrip artenna structure. It is a further
preferred object of the present invention to provide a radio pager having

consi derabl e design.freedom The.invention discloses a_radio apparatus
conprising: a nicrgéf??igéaﬁ?é%ﬁhlggg FIE (G Eﬁ??ﬁﬁf@ﬁhéﬁgf%ﬁﬁﬁﬁt constituted
by a first conductili¢&e¥ ihvmabPeittdd %ofB one T8 BP538i €359 aperedrf aces of a

flat dielectric basecpistes, the height of the printed circuit board of
the first local oscillation circuit and, therefore,
the overall thickness of the pager. In addition, the
shield case has to be soldered or otherwise affixed to
the printed circuit board, increasing the production
cost of the pager.

Another problem with the conventional pager
is that signal interference is apt to occur between
the microstrip antenna and another pager circuitry and
between other pager circuitry via the antenna. The
pager is, therefore, not only prevented from operating
stably but also susceptible to external circuitry,
especiall§ human body, which may approach it.

Moreover, there is a keen demand for the
saving of production cost by reducing the consumption
of expensive microstrip base plate while preserving
the high performance of the microstrip antenna, as
well as for further miniaturization.

BRIEF SUMMARY OF THE INVENTION

The present invention is defined in the
independent claims appended to this description to
which reference should now be made. Advantageous
features are set forth in the dependent claims.

A preferred embodiment of the invention will
be described below in the form of a radio pager which
radiates a minimum of unnecessary electromagnetic
waves. The pager is operable in a stable manner and
is feasible for miniaturization, while providing high
performance and using an inexpensive microstrip
antenna structure. The radio pager design has t
considerable design freedom.



earth plate constituted by a second conductive thin filmfornmed on the

ot her maj or surface of said dielectric base plate, and short-circuit neans
connecting one end of said antenna el enment and said earth plate, said

m crostrip antenna producing a received signal in response to an

el ectromagnetic wave; a radio circuit nmeans for converting said received
signal to a nodul ated signal; a printed circuit board for nounting part of
said radio circuit neans; a shield nenber having a pair of conductive

pl ates for electromagnetically covering said printed circuit board to
prevent unnecessary el ectronmagnetic waves from | eaking fromsaid printed
circuit board, said shield nenber including a pair of conductive pl ates
one of which is bent in a crank configuration and accommodates said
mcrostrip antenna in a recessed portion of -said crank configuration; and
ant enna supporting neans connecting said earth plate to part of an outer

surface of said shield nenber with nghufrequency The invention
further discloses a radi o pager co ostrlp ant enna.conpri si ng
an antenna el enent, an earth plate cuit means connecting one
end of said antenna el ement and satd eart said mcrostrip antenna

produci ng a received signal froma paging S|gnal radio circuit neans

i ncluding an oscillator for converting t hre 5t ecei ved signal into a digital

si gnal ; -4b - call control nmeans for alerting a user of said radi o pager
to reception of a call on determining that a call signal included in said

digital signal is 'ﬁ%%'ﬁ%écﬂdg&?%ﬁ%ﬁgg eﬁﬁwwég)er assigned to said radio
oar r

pager; a printed citcurt nDun ing part of said radio circuit
nmeans; a pair of conductive plates |ocated on both sides of said printed
circuit board for el ectronetheepretddrgdcentmdingnisaiidl cnowcvet board to
prevent unnecessar yasdceebs®NMROREEd GataY soy kaf deakingn d wegnhsai d printed

cirouit board. _sai dggent 53 dnpaldodibabidlaiGoR] AhREebE ng bent n a

crank COﬂfIgUFatIOH ana accommo atln CFOSt I'p antenna in a-

FIG. 1 is a block diagram schematically
showing a radio pager embodying the present invention;

FIG. 2 is a partly taken away front view of
the embodiment;

FIG. 3 is a section along line Al-A2 of
FIG. 2;

5 FIG. 4 is a section along line B1-B2 of

E F1G. 2 and in which a radio circuit 2 and a first
local oscillator 24 are representative of areas for
mounting parts:

FIGS. 5(a) and 5(b) are respectively a front
view and a section along line Cl1-C2 of F1G. 5(a),
showing a specific configuration of an antenna
assembly included in the embodiment;



recessed portion of said crank configuration; connecting neans electrically
connecting said pair of conductive plates in peripheral portions of said
conductive plates while spacing apart said conductive plates by a

predet erm ned di stance; and antenna supporting neans connecting said earth
plate to an outer surface of one of said conductive plates nechanically and
wth respect to high frequency. In an enbodi nent a radi o pager of the
present invention, |like the conventional pager, includes a mcrostrip
antenna, a radio _circuit, waveform shaping circuit, a decoder, a ROM a

| oudspeaker, an LCD, and a battery package. The pager of the invention is
characterized by the structure thereof and the inproved structure of the
antenna. Most of the electric and electronic parts and el enents
constituting the pager are nounted on the printed circuit board. Two
conduct-i ve plates inplenented by sheet netal, for exanple, are positioned
to sandwi ch the printed circuit board. The outer surface of one of the
conductive plates and the earth plate of the mcrostrip antenna are .
connected to each other with respect to high frequency by thernal adhesion
or simlar technol ogy. FThe fcdfdacttiont piegt 8ouing pACHETedPESHEher by
screws or simlar ¢cQ i.\v.e_copnecti i_n d circuitry nmounted
on the printed ci r%olﬂrkggﬁéo%trlg’.n %ﬁe&%olﬁgg%ﬁavgs%%%qgé %’;{% ‘connecting pins
constitute a shield casecf or shB@s Gin atténna pattdedpantidudaprtatee circuit
board, whereby the circuitry is electromagnetically shielded fromthe
antenna and ext er nfttennacissappiyof £4Ga $esult, radiations from for
exanple, a first local oscillator nounted on the printed circuit board are.
confined in the shield case formed by the conductive plates and connecti ng
pins. This not onlsunmedyces dheeIfiaditabhon of unnecessary el ectromagnetic
waves fromthe radi o pager to external circuitry but also_elin nates signal
interference between tReTfdifopaagemt &he REASEMBNREEHRT nidlecHcuit board

via the antenna anQOM%t@@{?lstp%gLL I 2631508 QPRIAIQROfardtREng] rLWality. To

i ncrease the antenna gain o mcrostrip antenna in the frontal
direction, it is nemssdarywidwefproviidpihheciemutih, pl decodsd haarRQMeat er area
than the antenna elenent. In the pager of the invention, one of the
conductive plates &AMFPBRK®Ry BRokdRr P Aah RAFECEBRMATEPIYt e The pager of

the invention is characterized by the structure thereof
and the improyed structure of the anfenna.

Most of the electric and electronic parts and elements
constituting the pager are mounted on the printed circuit
board. Twé conductive plates implemented by sheet metal,
for example, are positioned to sandwich the printed circuit
board. The outer surface of one of the conductive plates
and the earth plate of the microstrip antenna are connected
to each other with respect to high frequency by thermal
adhesion or similar technology. The conductive plates
are fastened together by screws or similar conductive
connecéing pins around the circuitry mounted on the
printed circuit board. The conductive plates and
connecting pins constitute a shield case for the circuitry
mounted on the printed circuit board, whereby the circuitry

‘is electromagnetically shielded from the antenna and



is connected to the earth plate with respect to high frequency, so that the
conducti've plate of interest may equivalently serve as an antenna earth

pl ate. Hence, an expensive mcrostrip base plate has only to have an area
substantially the same as the area of the antenna el enent. Since the
conductive plate is far thinner than a mcrostrip base plate, substituting
the conductive plate for part of the antenna earth plate is successful in
provi ding an extra space faor ‘accommpdati ng parts which corresponds to the
t hi ckmess of a microstrip base plate, thereby mniaturizing—the pager. _
Further, a conductive film (or plate) is provided on the mcrostrip antenna
further outside of the antenna el ement and connected to the antenna earth
pl ate by through holes. Then, the conductive filmhas ground potential. It
follows that the conductive filmand through hol es prevent a displ acenent
current fromthe antenna el enent from reachiig the screws and ot her
conductive structural parts and elenents, so long as the fornmer is |ocated
to surround the latter. Therefore, the radiation directivity pattern of the
antenna i s not effestethdly cehanges.i NAd ke rsswe: anddjzadpns ofrcof, Eqe
structural parts and el enents, mherebY t he structural-desi n freedom of the
pager is enhanced. examp}e y@s Bt lPRRl ARCEAMALR BAWHEINRY e PSLRERF wit h

slits in the vici mc&x?Q %tﬂaarahﬂe ebhEGHal 151 GR LRiOIddeh L Ocd ! b he
resonance frequency o e mcrostrip antenna. Then, if the frequency of

t he pagi ng signal ithet h@m&a:rtévetﬂiataseald)fconmtangm el Bmentoénchly

therefore, the overall size of the pager can be reduced. BRI EF DESCRI PTI ON
OF THE DRAW NGS. The BPere eq e RdPRart. R PPEaRY o SrECePr BB

detai|l by way of exgaRl endVddibELEeNES éﬁem@l %qggﬁm@ybag AW ngs,
wherein: FIG 1 is a block diagram schematically show ng a radi o pager

enbodyi ng t he presa”lllmmm isdpnaFliGte2fdrenage pativben tthleeAindgy@ndenbnt vi ew
of the enbodinent; FIG i s a, section along | i ne A1:A2-§ FIG 2; FIG 4
is a section along ?ﬁrﬁglﬁﬁ_ﬂgztb? gEiated ifgiih RRAFE Y FARi P EPRUIt 2 and

a first local oscild®t@hedéhPLakbLNLESEMALLYEaAbnas ATl QL rfRURLL N parts;
To increase the antenna gain of the microstrip -
antenna in the frontal direction, it is necessar? to
provide the earth plate with a greater area than the
antenna element. 1In a pager embodying the invention, one of
the conductive plates each being broader than the earth
plate is’cénnected to the earth plate with respect to
high frequency, so that the conductive plate of interest
may equivalently serve as an antenna earth plate. Hence,
an-expensive microstrip base plate has only to have an
area sugstantially-the same as the area of the antenna
element. Since the éonductive plate is far thinner than
a microstrip base plate, substituting the conductive plate
for paft of the antenna earth plate is successful in
providi%g an extra space for accommodating parts which
corresponds to the thickness of a microsﬁrip base élate,
thereby miniaturizing the pager.

Fq?ther, a conductive film (or plate) is provided on




. e e e e

FIGS. 5(a) and 5(b) are respectively a front view and a section along |ine
Cl-C2 off FIG 5(a), showing a specific configuration of an antenna assenbly
i ncluded in the enbodi nent; -6- FIG 6 is a front view showi ng anot her
specific configuration of the antenna assenbly; and FIG 7 shows an antenna
pattern particular to the antenna assenbly of FIG 6. Summary of the

I nvention A radi o pager of the present invention, |ike the conventional
pager, includes a microstrip antenna, a radio circuit, waveform shaping
circuit, a decoder, a ROM ‘a | oudspeaker, an LCD, and a battery package.
The pager of the invention is characterized by the structure thereof and
the i nproved structure of the antenna. Mdst of the electric and electronic
parts and el ements constituting the pager are nounted on the printed
circuit board. Two conductive plates inplenmented by sheet netal, for
exanpl e, are positioned to sandw ch the prisnted circuit board. The outer
surface of one of the conductive plates and the earth plate of the

m crostrip antenna are connected to each other with respect to high

frequency by ther npl. adhesion oL sl At drechoolagy odNecqnduiatd ve pl ates

are fastened toget y screws or simlar conductive connecting pins
around the circuiteélemmtniel] connédredpeontred aotemd eabdandatdhey conducti ve
pl ates and connecting pins constitute a shield case for,  the circuitry

mount ed on the pri FENIBi hARSE bERAY, HhRcTREYEhEe 1R A5 ground

potential. It follows that the conductive £ilm and
through holes prevent a displacement current f£rom the
antenna element from reaching the screws and other
conductive structural parts and elements, so long as tﬁe
former is located to surround the latter. Therefore,
the. radiation directivity pattern of ﬁhe antenna is not
effected by changes in the size and position of the
structural parts and elements, whereby the structural
design freedom of the pager is enhanced. |

If desired, the antenna element may be formed with
slits in the vicinity of the short-circuit side in oxdsr
to lower tﬁe resonance frequency of the microstrip antenna.
Then, if the frequency of the paging signal is thé same,
the area of the antenna element and, therefore, the overall
size of the pager can be reduced.
DETZ{.ILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to FIG. 1l of the drawings, a radio pager
embodyihg the present invention is shown and includes &
half-size microstrip &ntenna 1. A paging signél {freguency
of 930 MHz) coming in through the microstrip antenna 1 '
is applied to a radio circuit 2. The radio circuit 2

receives the paging signal by the double superheterodyne



is electromagnetically shielded fromthe antenna and - 7 - external
circuitry. As a result, radiations from for exanple, a first |oca
oscillator mounted on the printed circuit board are confined in the shield
case fornmed by the conductive plates and connecting pins. This not only
reduces the radiation of unnecessary el ectromagneti c waves fromthe radio
pager to external circuitry but also elimnates signal interference between
t he i ndependent circuits on the printed circuit board via the antenna and

t hereby stabilizes the operation of the circuitry. To increase the antenna
gain of the mcrostrip antenna in the frontal direction, it is necessary to
provide the earth plate with a greater area than the antenna elenent. In a
pager enbodying the invention, one of the conductive plates each being
broader than the earth plate is connected to the earth plate with respect
to high frequency, so that the conductive plate of interest may
equi val ently serve as an antenna earth plate. Hence, an expensive
mcrostrip base plate has only to have an area substantially.the sanme as
the area of the antenna ?Ienent Since the conguctlv ﬁi%n% aL t hi nner

than a microstrip BES¥BIrars PEORSHY taufo"ﬁrgestpﬁ Ve pfgalf‘eJJTaor part of

the antenna earth @J__ﬁ] nb$ BH9Cessidl (Ege@fe@éydémgsankmqt kaaspase for
accomodating parts ich corresponds to the thickness of a mcrostrip base

pl ate, thereby nindenafuilztey ithénpadefioftnl Kégnala cBRRIVEIGVRL fSigRRtor

plate) is provi ded cmlts waveform shaped by a waveform shaping circuit 3

and then fed to a decoder 6. The decoder 6 compares a
call signal included in the digital signal with an address
number assigned to the'pégef and stored in a ROM 8. If
the former is identical with the latéé:, the decoder 6
drives a loudspeaker 5 to produce an alert tone. At the
same time, if the digital signal includes a meséage sicnal,
the decoder 6ldisplays a messAge'corresponding to the
message signal on an LCD 4. A battery package 7 feeds

the radis circuit 2, waveform shaping circuit 3, and
decoder 6. A DC/DC converter, not shown, is included

in the decoder 6 for feeding various circuits constituting
the decoder 6, LCD 4, etc.

The radio circuit 2 includes an amplifier 21 for
amplifying the received signal coming in through the
microstrip antenna 1, a band—pass filter 22, and a first
frequency converter (referred to as a first mixer herein-
after) 23 which receives the output of the band-pass
filter.22. The first mixer 23 mixes the amplified

i received signal with a first local oscillatioﬁ signal
(fréquency of 908 MHz and signal level of about -15 dBm)
fed from a first local oscillator 24, thereby outputting

a first IF sigﬁal (frequency of 21.4 MHz2). The first IF



-8- the mcrostrip antenna further outside of the antenna el ement and
connected to the antenna earth plate by through holes. Then, the conductive
filmhas ground potential. It follows that the conductive filmand through
hol es prevent a displacenent current fromthe antenna el enent from reaching
the screws and ot her conductive structural parts and el enents, so |long as
the former is located to surround the latter. Therefore, the radiation
directivity pattern of the antenna is not effected by changes in the size
and position of the structural parts and el ements, whereby the structural
design freedom of the pager;is enhanced. |If desired, the antenna el enent
may be formed with slits in the vicinity of the short-circuit side in order
to | ower the resonance frequency of the mcrostrip antenna. Then, if the
frequency of the paging signal is the sane, the area of the antenna el enent
and, therefore, the overall size of the pagger can be reduced. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBCODI MENT Referring to FIG 1 of-the

drawi ngs, a radi o pager enbodying the present invention is shown and

includes a half-size mcrostrip antenna 1. A Eﬁ%in si gnal gfrgquency of
ReOF Fetaled

930 MHz) coning i n SEAPBUGRSt HEHRET oSTPPPeT FS™App! i€d to a radio

circuit 2. The radig@ngigdddl k1% dr66) VED1EEEPRY BY Spanaleby 6l handoubl e

super het er odyne -

then applied to a second frequency converter (referred

to as a second mixer heieinafter) 27. The second mixer 27

mixes the amplified first IF signal with a second local

oscillation signal (frequency of 20.945 kHz) from a sacond

local oscillator 28 to thereby produce the previously

mentioned second IF signal. The second IF signal has

needless components thereof removed by a low;pass filter

29 and then converted to the previously stated digital

signal by a demodulator (DEM) 30. The receiver further

includes a power switch and other conventional electric

and electronic elements, although not shown or described.
Referring also to FIGS. 2, 3 and 4, the radio pager

has a pringed circuit board 107 on which electric and

electronic parts 108 implementing part of the receiverx

circuitry, i.e., radio circuit 2, waveform shaping

circuit 3, loudspeaker 5, decoder 6 and ROM 8 are mounted.

Sheet metal or similar electrical conductive plates 106

and 11Q_are positioned on both sides of the printed

circuitﬁboard 107 and LCD 4 supported by the board 107.

The coﬂéﬁctive plates 106 and 110 are fastened together

by metal screws 103a-103f located around the circuit

board 107 and nuts 104a-104f affixed to the inner surface

of the conductive plate 110 by spot welding. An arrangement

is made such that the inner surface of the conductive



- 9 - principle to produce a corresponding second internediate frequency
(I'F) signal (frequency of 455 kHz) and then denbdulates it into a digital
signal. The digital signal has its waveform shaped by a wavef orm shapi ng
circuit 3 and then fed to a decoder 6. The decoder 6 conpares a call signal
included in the digital signal with an address nunber .assigned to the pager
and stored in a ROM8. If the fornmer is identical with the latter, the
decoder 6 drives a |oudspeaker 5 to produce an alert tone. At the sane
time, if the digital signal includes a nessage signal, the ‘decoder 6

di spl ays a nmessage corresponding to the nmessage signal on an LCD 4. A
battery package 7 feeds the radio circuit 2, waveform shaping circuit 3,
and decoder 6. A DC/ DC converter, not shown, is included in the decoder 6
for feeding various circuits constituting the decoder 6, LCD 4, etc. The
radio circuit 2 includes an anplifier 21-fldr.-anplifying the received signal
comng in through the mcrostrip antenna 1, a band-pass filter 22, and a
first frequency converter (referred to as a first m xer_  herein- after) 23

whi ch receives theppuidbube Odnd hﬁebfﬂb@h@aéﬁffaiclat@f t%g-?g;'.hﬁ:eﬁi ESlcuTxer 23

m xes the anplified received signal with a first local oscillation signal
(frequency of 908 Mizdadd7 sicqppakbitesl thé surdace -<BSryBrg thedpdrtsmios)ir st

ocal’ oscillator 24, thereby OULPULL! 02, Rt et onR ool LEEGUSRCY O

frequency. Hence, the conductive plates 106 and 110,
screws 103a-103f and nuts 104a-104f form a shield case
accommodating the printed circuit board 107 and electric
and electronic parts 108. This is successful in reducing
the radiation of unnecessary electromagnetic waves from,
for example, the first local oscillator 24 to the outside
of the pager. For example, a radio pager R5N4-14D
(available from NEC Corp., Tokyo, Japan and put on the
market December 19%91) having the above configuration was
found tofreduce.the radiation level to 25 pV at a distance
0of 3 m without resorting to a shield case for the first
local osciliator 24. The outer surface of the conductive
plate 106 and the earth plate, not shown, of the microstrip
antenna 1 are connected to each other with respect to high
frequency by thermal adhesion with the intermediary of a
thermal adhesion tape 105. With such a configuration,
the pager prevents high-~frequency electromagnetic coupling
from occurring between the antenna 1 and the printed
circuit-board 107 and parts 108 and insures stable
operations of the circuitry mounted on the circuit
board 107. It is to be noted that the conductive plates
106 and 110 exhibits a satisfactory electromagnetic shield

effect even when locally perforated or provided with a mesh



- 10 - signal has needl ess:conponents thereof renoved by a band-pass filter
25, anplified by an anplifier 26, and then applied to a second frequency
converter (referred to as a second m xer hereinafter) 27. The second m xer
27 m xes the anplified first IF signal with a second | ocal oscillation
signal (frequency of 20.945 kHz) froma second |ocal oscillator 28 to

t hereby produce the previously nentioned second |IF signal. The second IF

si gnal has needl ess conmponents thereof renoved by a | owpass filter 29 and
then converted to the previously stated digital signal by a denodul ator
(DEM 30. The receiver further includes a power switch and ot her
conventional electric and electronic elenents, although not shown or
described. Referring also to FIGS. 2, 3 and 4, the radi o pager has a
printed circuit board 107 on which electric and electronic parts 108

i mpl enenting part of the receiver circuitry, i.e., radio circuit 2,
waveform shaping circuit 3, |oudspeaker 5, decoder 6. and ROM 8 are nount ed.
Sheet nmetal or simlar electrical conductive plates 106 and 110 are
positioned on both sides of the printed cir Eit board 1ﬁé4apgm CD4b
supported by the bo¥rgcipz: Tﬁﬂecﬁﬁﬂét}‘?ﬁea'é at 09188 und *310°“4r 8%Y a ened

together by netal sgiAWsedA3anlB{ed R6RE&L 196 0MMhRENEIPiaYI éo NRAEDad 07 and
nuts 104a-104f affixed to the inner surface of the conductive plate 110 by

spot wel di ng. An arttEngenemdre sapaile slckhffixihgtiie condyctive frledesf the

conducti ve pl ate_106 and the ground, surface of tge ringed chcHit
106 and 110 while spacing them apart by a predetermine

distance. '

A frame 102 is implemented as a plastic molding and
surrounds the antenna 1, conductive plates 106 and 110,
printed circuit board 107, LCD 4, and battery package 7
to substantially determine the contour of the pager.
Further, a casé 101 covers the Iframe 102, conductive
plates 106 and 110, antenna 1 and other parts constituting
the pager. If desired, smoothly planed board may be
arranged on the outside of the conductive plates 106
and 110 and antenna 1 to protect the above-mentioned
constituent-parts. The conductive plates 110 and 101
(as well as the smoothly planed board) are provided with
openings to make the display surface of the LCD 4 visible
from the outside of the pager.

As shown in FIGS. 1 - 4, the conductive pldte 106 is
bent in a step or crank confiquration to form a.receséed_
flat portion and a project flat portion. The earth plate
of the.microstrip antenna 1 is fitted on the recessed

: portion of the conductive plate 106 by pressure while
‘the battery package 7 having a substantial height is
accommodated in the projected portion of'the plate 106.

Specifically, since the conductive plate 106 is far thinner



board 107 (opposite to the surface carrying the parts 108) are connected to
eath other with respect to DC and hi gh frequency. Hence, the conductive

pl ates 106 and 110, screws 103a-103f and nuts 104a-104f form a shield case
accommodating the printed circuit board 107 and electric and el ectronic
parts 108. This is successful in reducing the radiation of unnecessary

el ectromagnetic waves from for exanple, the first local oscillator 24 to

t he outside of the pager.  For exanple, a radio pager R5N4-14D (avail abl e
from NEC Corp., Tokyo, Japan and put on the market Decenber 1991) havi ng

t he above configuration was found to reduce the radiation level to 25
[err]V at a distance of 3w thout resorting to a shield case for the
first local oscillator 24.  The outer surface of the conductive plate 106
and the earth plate, not shown, of the mcrostrip antenna 1 are connected
to each other with respect to high frequengy-by thermal adhesion with the
internmediary of a thernmal adhesion tape 105. Wth such a configuration, the
pager prevents high-frequeney el ectromagnetic coupling fromoccurring

between the antenna 1 and.the printed circuit.boar R7. 4174 RALL1$, 108 and
i nsures stable opeF’%ﬁ“l %%g';%%etnﬁg gi rlg':uf'fgrlilenr‘?mjﬁrrilt%of(}c‘—#\x the crreuit board

107. It is to be ngpethdrbate tdhe eparlicihyEarleat £ Stik0faged b¥18n exeloivbit s a
satisfactory el ectromagnetic shield effect even when |ocally perforated or
provi ded with a mesprresponding tet Ehg tildeknepfe o8 cFn@ O 103f and nuts

104a- 104f may be repl acgd Wb QL0 . GQRANC e SPMAREHENG18hER: 9 | ong as

and receives a péging signal in a direction perpendicular
to the general plane of the antenna element 11, i.e;, in
the frontal direction of the pager. In the antenna.l,
a sho¥t circuit 13 is constituted by a nﬁmber of through
holes 13a and forms the short-circuit end of the antenna
element 1l. A through hole 12 is interposed between the
short circuit 13 and the open end lla of the antenné

~ element 11, defining the feed point of the antenna 1.
The previously mentioned projected portion of the
conductive plate 106 equivalently constitutes an earth
plate of tﬂé antenna 1 to thereby increase the overall
area of the earth plate and, therefore, the antenna gain
Ga in the frontal direction. A jumper line, e.g., solder
109 connects the through hole 12 and the input terminal
of the radio section 2 (input terminal of amplifier 21)
mounted on the printed circuit board 107.

As shown in FIGS. 5(a) and 5(b), the microstrip
antenné 1 and conduc;ive plate 106 constitute an antenna
assembly. To fabricate the antenna 1, a dielectric base
plate 15 made of Teflon (RIM) and carryiné copper foil on both
surfacés thereof is etched to remove part of the copper

foil. As a result, the antenna .l has the gquadrangular



the pins are capable of affixing the conductive plates 106 and 110 whil e
spaci ng them apart by a predeterm ned di stance. A frane 102 is inplenented
as a plastic nolding and surrounds the antenna 1, conductive plates 106 and
110, printed circuit board 107, LCD 4, and battery package 7 to
substantially determ ne the contour of the pager. Further, a case 101
covers the franme 102, conductive plates 106 and 110, antenna 1 and ot her
parts constituting the pager. |If desired, snoothly planed board nay be
arranged on the outside of the conductive plates 106 and 110 and antenna 1
to protect the above-nentioned constituent parts. The conductive plates 110
and 101 (as well as the snoothly planed board) are provided wth openings
to make the display surface of the LCD 4 visible fromthe outside of the
pager. As shown in FIGS. 1 - 4, the conductive plate 106 is bent in a step
or crank configuration to forma recessedyflat portion and a project flat
portion. The earth plate of the mcrostrip .antenna 1 is fitted on the
recessed portion of the conductive plate 106 by pressure while the battery
package 7 having a_substanti al ight is accommdated | proj.ect ed
portion of the pl gf’eerir@&eri%%ﬁ %ch’i‘l‘i}",e TS ﬁrégcaoﬁarﬁc Cltt\r}gep atgl 106 is

far thinner - Llate 1Bt Pige dhEPANrkact] the O&Rih pDate AbaBKtending
configuration to.i.ncrease the space available in the pager by an anount
correspondi ng to toNerts$ubsitarsialdly the enfisammyep of the antenna 1. A

side conductive plate 14 surrounds the antenna element 11
on the surface of the base plate 15 where the antenna
element 11 is.formed. A number of through holes l4a are
formed on the side conductive plate 14 adjacent to the
edges of the latter, whereby the conductive plate 14 is
maintained at the same potential as the earth plate 16,
i.e. ground potential. Further, the antenna 1 has a
land 18 on the surface thereof where the earth plate 16
is located. The land 18 is connected to the through ﬁole
12 and insulated from the earth plate 16, defining the
feed point 17 of the antenna 1. ‘

Assume.that the velocity of light is CO, the
dielectric constant of the dielectric base plate 15
is er, and the distance between the open end lla of the
antenna element 11 and the short circuit 13 is Dl. Then,
a resonance frequency f£O that maximizes the gain Ga of

the microstrip antenna 1 may be expressed as:
£0 % co / (4Dl (er)1/2)

although it delicately changes depending on, for example,
the thickneés t of the base plate 15. Assume that the
frequency £f0 is 930 MHz, and that the base plate 15 is
made of Teflon and has a dielectric ‘constant ¢r of 2.17

and a thickngss t of 1.6 mm. Then, the distance Dl is



The mcrostrip antenna 1 has an antenna el enent 11 and receives a paging
sitgnal'*in a direction perpendicular to the general plane of the antenna
elenent 11, i.e., in the frontal direction of the pager. In the antenna 1,
a short circuit 13 is constituted by a nunber of through holes 13a and
forns the short-circuit end of the antenna el enment 11. A through hole 12 is
i nter posed between the short circuit 13 and the open end 1la of the antenna
el enent 11, defining the feed point of the antenna 1. The previously

menti oned projected portion of the conductive plate 106 equival ently
constitutes an earth plate of the antenna 1 to thereby increase the overal
area of the earth plate and, therefore, the antenna gain Ga in the frontal
direction. A junper line, e.g., solder 109 connects the through hole 12 and
the input termnal of the radio section 2 (input termnal of anplifier 21)
nounted on the printed circuit board 107. _shown in FIGS. 5(a) and 5(b),
the mcrostrip antenna 1 and conductive pl@ate 106 constitute an antenna
assenbly. To fabricate the antenna 1, a dielectric base plate 15 nade of
Teflon (RTM and carrying co per foil on both surfaces thereof is etched to
renove part of the%cﬁ\;ﬁ’é‘ra* gtermined pgsapicvlppiorantéhbriigk AhsWathe

quadr angul ar %%e ot tggqg ?ace,-tﬁééugp %Q§$§ﬂé ?cetﬁﬁp ﬁngnductive

earth plate 16 on sur e ear plate 16 extending over
substantially the entduie aB ethdokhé hthrenykntdell2 Arel dpacandyatt we pl ate 14
surrounds the antenna el ement 11

distance S which is selected to match the input impedance

of the radio circuit 2 after the impedance of the antenna

1, as viewed from the radio circuit 2 side, has been

determined.

As shown in FIG. 5, the through holes l4a and side
conductive plate 14 surround the screws 103a2-103d and
isolate them from the antenna element 1ll. Therefore,
whatever dimension and whatever position the screws
103a4103d'may have under the above condition, they do not
affect the radiation pattern of the antenna 1 at all.
Specifically, assume that a surface current S41 flows
through the antenna element 11 and earth plate 16, and
that the screws 103a-103d, side conductive plate 14 and
through holes l4a are absent. Then, the surface current
541 will turn into a displacement current S42 at the open
end lla of the antenna element il, and the current 542
will be terminated by the earth plate 16 and again turn
into the current S41. On the other hand, if the side
conduc£ive plate 14 and through holes 1l4a are absent and
the screws 103a-103d4 are located in the vicinity of the
antenna element 11, a displacement current, not shown,
from the open end 1la will be coupled to the screws

103a-1034 as well. In this mannexr, the displacement



on the surface of the base plate 15 where the antenna elenent 11 is forned.
A-nunber of through holes 14a are fornmed on the side conductive plate 14
adj acent to the edges of the latter, whereby the conductive plate 14 is

mai nt ai ned at the sane potential as the earth plate 16, i.e. ground
potential. Further, the antenna 1 has a |and 18 on the surface thereof
where the earth plate 16 is located. The land 18 is connected to the

t hrough hole 12 and insulated fromthe earth plate 16, defining the feed
point 17-of the antenna 1. Assune that the velocity of light is CO the
dielectric constant of the dielectric base plate 15 is [err]r, and the

di stance between the open end 1la of the antenna el enent 11 and the short
circuit 13 is D1. Then, a resonance frequency fO that maxim zes the gain Ga
of the mcrostrip antenna 1 may be expressed as: fO[err] CO/ {4D1
([err]r)[err]} although it delicately cha{nge_s dependi ng on, for exanple,
the thickness t of the base plate 15. Assune that the frequency fOis 930
MHz, and that the base plate 15 is nade of Teflon and has a dielectric
constant [err]r of 2.17 and a thickness t of 1.6 nm Then, the distance D1
is - 15 - 54, 5cnmrens §4 ebidseandsgnteanciheadinansign rodigirtentids found to

b 55,3, o) SCL U8 P TEETy- T I s P e B 06 Al v ol

i npedance of the roadige Ginkekhd 12i3f befectbe Bymadasaewel 16 s-1anaenna
This makes it difficult to predict the directivity
characteristic of the antenna 1 at the design stage of
a radio pager. In the illustrative embodiment, since
the side conductive plate 14 and through holes l4a adjoin
the antenna elemen; li]to electromagnetically isolate it
from the screws 103a—105d, the surface cgrrent S41 will
be simply split into a displacement current 543 directed
to the side conductive plate 14 and the displacement
cuirent S42 directly terminated by the earth plate 16.
Since the side conductive plate 14 assumes a fixed position
and has é fixed size, the displacement current S42 is not
effected Bf the dimension and potential of the screws
103a-103d and, therefore, the radiation pattern of the
antenna 1 is not disturbed by the screws 103a-1034.
Clearly, such an electromagﬁetic shield effect is
achievable despite other conductive structural parts and
elements which may be included in the pager, so long as
such parts and elements are surrounded by the side
conductgve plate 14 and through holes 1l4a.

The antenna gain Ga of the microstrip antenna 1 in

the frontal direction increases as the area of the earth

plate 16 incfeases beyond the area of the antenna element

11, as stated earlier with reference to FIGS. 2 - 4. 1In



1, as viewed fromthe radio circuit 2 side, has been determ ned. As shown
in"FIG '5, the through hol es 14a and si de conductive plate 14 surround the
screws 103a-103d and isolate themfromthe antenna el enent 11. Therefore,
what ever di nensi on and what ever position the screws 103a-103d may have
under the above condition, they do not affect the radiation pattern of the
antenna 1 at all. Specifically, assune that a surface current S41 fl ows

t hrough the antenna element 11 and earth plate 16, and that the screws
103a-103d, side conductive plate 14 and through holes 14a are absent. Then,
the surface current S41 will turn into a displacenment current S42 at the
open end 1la of the antenna elenent 11, and the current S42 wll be
termnated by the earth plate 16 and again turn into the current S41. On
the other hand, if the side conductive plate 14 and through holes 14a are
absent and the screws 103a-103d are |ocated.dn the vicinity of the antenna
el enrent 11, a displacenent current, not shown, -fromthe open end |Ila wll
be coupled to the screws 103a-103d as well. In this manner, -the

di spl acenent - 48 an %‘6‘?&5’(@%23"&" pendent on g@ecgﬁmwn and

potential of the screws SO t at the ‘radiation pattern of the
antenna 1 is affeghade e he comedsed ®dathdIhrthhpratmaleswith deépectult to
predict the directivity characteristic of the antenna 1 at the dgflgn st age

of a radio pager. Wnhi#He FPABRIWat P EfpEU P et Bortion of &

plate 106 gxtendlng in the same direction as the earth
plate 16 is further extended from the short circuit 13
over a distance Wl to provide the antenna 1 with an extra
earth plate area. The antenna assembly, therefore, has
a greater antenna gain Ga }n the frontal direction that
with the antenna 1 alone. Specific numerical values
regarding the antenna gain Ga will be described later.
FIG. 6 shows another specific construction of the
‘antenna dssembly. As shown, the antenna assembly is made
up of a microstrip antenna 50 and the conductive plate 106.
The antenna .50, like the antenna 1 of FIG. 4, has an
antenna eleﬁent 51 including an open end 5la and a short
circuit 53, a through hole 52, side gquide plates'54a and
54b, and an earth plate, not shown. The difference is
that the side guide plates 54a and 54b are separated from
each other since thére is no side guide plate that faces
the open end 51. The antenna element 51 has the co;ductor
thereof partly removed to form slits 55a and 55b in the
vicinity of the short circuit 53. The slits 55a and 55b
have lengths L1 and L2, respectively. With the slits 55a
and 55b, it ié‘possible to lower the resonance frequency
fO of the antenna 1 aﬂd, therefore, to reduce the size of

the antenna 50. Specifically, the antenna 1 of FIG. 5



t he: si de conductive plate 14 and through holes 14a adjoin the antenna
element 11 to electromagnetically isolate it fromthe screws 103a-103d, the
surface current S41 will be sinply split into a displacenent current S43
directed to the side conductive plate 14 and the displacenent current S42
directly termnated by the earth plate 16. Since the side conductive plate
14 assunes a fixed position and has a fixed size, the displacenent current
S42 is not effected by the dinension and potential of the screws 103a-103d
and, therefore, the radiation pattern of the antenna 1 is not disturbed by
the screws 103a-103d. Cearly, such an el ectromagnetic shield effect is
achi evabl e despite other conductive structural parts and el ements which may
be included in the pager, so long as such parts and el enments are surrounded
by the side conductive plate 14 and through holes 14a. The antenna gain Ga
of the microstrip antenna 1 in the frontal Hi-rection increases as the area
of the earth plate 16 increases beyond the area of the antenna el enment 11,
as stated earlier with reference to FIGS. 2 - 4. In - 17 -"the antenna
assenbly shown i n Fifplementhetleondswidnrce PreatventPoof $ 36 Oftre blyesipaainghe

earth plate 16 with respect to high frequency, .and the fl|at. projected
portion of the plat&P% t@?t%rf?cﬁtnglﬁ?lt%hg?s tgf r S SPICII gslat ﬁ% Barth plate

16 is further extengdegk{fambi g $BOS trfii I Splidont3a0VLindell $n@BRLa W t O
provide the antenna 1 with an extra earth plate area. The antenna assenbly,
t herefore, has of FIG. 6, the slits 55a and 55b are formed in the antenna

element 51 over a length Li of 7.5 mm ahd a length L2 of

6 mm, respectively, whereby the distance D2 between the
short circuit 53 and the open end 5la is desirably reduced
to 48 mm.

Referring also to FIG. 7, the earth plate of the
microstrip antenna 50 has dimensions E and F which are
neariy equal to each other and are substahtially 50 mm,
and the conductive plate 106 extends over a distance W2
of 30 mm as measured from the end of the antenna 56. The
antenna assembly was measured to have an antenna gain Ga
in the froﬁkal direction which was about 1.5 dB greater
than the case wherein the distance W2 was zero, i.e.,
the conductive plate 106 was not connected to the earth
plate of the antenna 1 with respect to high freguency.
Obviously, such an increase-in antenna gain Ga is also

_ attainable with the antenna assembly of FIG.—S.
Experiments showed that the antenna directivity pattern
is effected little by the step between the outer surface
of the conductive plate 106 and the earth plate of the
antenna 50 which is equal to the thickness of the
dielectric baée'plate which is substantially 1.6 mm.

Further, in the embodiment of FIGS. 2 to 6, instead



a greater antenna gain Ga in the frontal direction that with the antenna 1
al one. Specific nunerical values regarding the antenna gain Ga will be
described later. FIG 6 shows another specific construction of the antenna
assenbly. As shown, the antenna assenbly is nade up of a microstrip antenna
50 and the conductive plate 106. The antenna 50, like the antenna 1 of FIG
4, has an antenna el enent 51 including an open end 51a and a short circuit
53, a through hole 52, side guide plates 54a and 54b, and an earth plate,
not ShQMﬂ"the.dltiELEDCE“LSnLhaLthE_SLdE_QULdE_pLaLES_EAB_aﬂd 54b are
separated from each other since there is no side guide plate that faces the
open end 51. The antenna el enent 51 has the conductor thereof partly
removed to formslits 55a and 55b in the vicinity of the short circuit 53.
The slits 55a and 55b have lengths L1 and L2, respectively. Wth the slits
55a and 55b, it is possible to |ower the.rgsanance frequency fO of the.
antenna 1 and, therefore, to reduce the size of the antenna 50.
Specifically, the antenna 1 of FIG 5 - 18 - inplenents the resonance

frequency of 930 aC| 2 art th ort circuit 13 and.th pen end
Ila by a di stanceNH% *3%/ %gr%“ E ??2% PR 0% Caft SR %% @P?FI G 6,
the slits 55a and R[ap &r%oﬁgimﬁeanbi %raagxemesl_emenm@l«men &d ength L1
of 7.5 mmand a length L2 of 6 mm respectively, whereby the distance D2

bet ween the short epstuioneg3omrithet htdopEntbndrdtaends ldasiTial-y Feduced to

48 mm this case, the case 101 may be constituted by a metal

plate and a frame as disclosed in the United Kingdom
Patent Specification GB-A-2 226 457 which corresponds
to the Japanese Laid-Open Patent Publication (Kokai)
No. 2-116228.

In summary, the radio pager illustrated
has the two conductive plates 106 and 110 and screws
103a~103f which constitute a shield case surrounding the
printed circuit board 107 and electric and electronic
parts 108. The shield case reduces the radiation of
unnecessary electromagnetic waves to the outside of the
pager from; for example, the first local oscillator 24
while stabilizing the operation of the pager circuitry.

The antenna earth plate 16 is connected to the crank-

shaped conductive plate 106 with respect to high frequency,
and the flat projected portion of the p}ate 106 eguivalently
plays thé role of an antenna earth plate. Therefore, the
area of the antenna element 11 suffices the area of an
expensi;e microstrip base plate alone. This, coupled
with the fact that an extra space for accommodating parts
and corresponding to the thickness of a microstrip base
plate is available, promotes the miniatugization of a

radio pager.



Referring also to FIG 7, the earth plate of the mcrostrip antenna 50 has
dimensions E and F which are nearly equal to each other and are

substantially 50 mm and the conductive plate 106 extends over a distance
W2 of 30 mm as neasured fromthe end of the antenna 50. The antenna
assenbly was neasured to have an antenna gain Ga in the frontal direction
whi ch was about 1.5 dB greater than the case wherein the distance W2 was
zero, i.e., the conductive plate 106 was not .connected to the earth plate
of the antenna 1 with respect to high frequency. Gbviously, such an
increase in antenna gain Ga is also attainable with the antenna assenbly of
FIG 5. Experinments showed that the antenna directivity pattern is effected
little by the step between the outer surface of the conductive plate 106
and the earth plate of the antenna 50 which is equal to the thickness of
the dielectric base plate which is substamdG-ally 1.6 nm Further, in the
enbodi rent of FIGS. 2 to 6, instead - 19 - of the through holes 13a
(53a), the short circuit 13 (53) nay be constituted by through holes 13b

(53b) which are positignedsoR BRasdi&e0p1dte 10PN RBU1dekRoh SR sukfaddli s
case, the case 101 may be constituted by a netal plate and a franme. as

di scl osed in the UnftiEe KntepdenwRereritheSpetdrinacatenemtChl As2p99i-i088dwhi ch

corresponds to the Japanese Lai d- Open Patent .Publication (;Kokai),,No.
2-116228. In summiy, ’ﬂl?ear‘&?ﬂnc‘?rp%e‘?" isFFﬁ%‘%”rdafgge sitehdd crcert )

and it is connected to the earth plate 16 by the through
holes l4a. Hence, so long as the screws 103a-103d and
other structural parts and elements of the pager are
surrounded by the through holes l4a, the radiation
directivity pattern of the antenna 1 is not effected

by changes in the position and size of the structural
elements and parts at all. This enhances the structural
design freedom of the pager.

When the slits 55a and 55b are formed in part of
the antenna element 51 of the microstrip antenna 50, the
resonance frequency fO of the antenna 50 and, therefore,
the area of the antenna element 51 carn be increased to
thereby implement a miniature radio pager.

Although the invention has been described with
reference to the specific embodiment, this description
is not meant to be construed in g_limiting sense.
Various modifications of the aisclosed embodiment, as
well as other embodiments of the invention, will become
apparen£ to persons skilled in the art upon referehce
to the description of the invention. It is therefore
contemplated that the appended claims will covér any
modifications or embodiments as fall within the true

scope of the invention.



has the two conductive plates 106 and 110 and screws 103a-103f which
constitute a shield case surrounding the printed circuit board 107 and

el ectric and electronic parts 108. The shield case reduces the radiation of
unnecessary el ectromagneti c waves to the outside of the pager from for
exanple, the first local oscillator 24 while stabilizing the operation of
the pager circuitry. The antenna earth plate 16 is connected to the crank-
shaped conductive plate 106 with respect to high frequency, and the flat
projected portion of the plate 106 equivalently plays the role of an
antenna earth plate. Therefore, the area of the antenna el enent 11 suffices
the area of an expensive mcrostrip base plate alone. This, coupled with
the fact that an extra space for accommpdating parts and corresponding to
the thickness of a mcrostrip base plate is avail able, pronotes the

mniaturization of—aradio pager. _ - 20 21The side conductive plate 14 is
provi ded on the surface of the antenna where the antenna el ement 11 is
positioned in suc kﬂ%urround t he antenna elenent 11, and it
is connected to the 6 by t h&REIHugh holes—-14a.— Heneeﬂmse—long
as the screws 103a- structural parts and elenents of th

pager are surrounded by the through hol es 14a, the ra 'mlgﬂuu)ul Hsl"mtjy
pattern of the antenna 1 is not effected by changes i
size of the structuk-al & EMERt SPRARPYYAr EBFESANY: Thi s enhances t he
structural .a microstrip antenna comprising an antenna element
constituted by a first conéégtive film formed on one of
opposite major surfaces of élflat dielectric base plate,
an earth plate constituted by a second conductive thin
£ilm formed on the other major surface of said dielectric
base plate, and short-circuit means connegting one end
of said antenné element and said earth plate, said
microstrip antenna producing a received signal in response
to a electrdmagnetic wave;

a radio circuit means for converting said received
signal to modulated signal;

a érinhed circuit board mechanically supporting part
of a radio circuit receiving said received signal;

a shield member electroﬁagnetiéally covering said
printed circuit board to prevent unnecessary electromagnetic
waves from leaking from said printed circuit board; and

antenna supporting means éonnecting said earth plate
to part of an outer Surféce 6f said shield member with

respecé to high.freqﬁency.

2. A radio apparatus as claimed in claim 1, wherein
said radio circuit means comprising a local oscillator

for generating a local oscillation signal and means for



design freedom of the pager. Wien the slits 55a and 55b are forned in part
of "the antenna elenent 51 of the nmicrostrip antenna 50, the resonance
frequency fO of the antenna 50 and, therefore, the area of the antenna

el ement 51 can be increased to thereby inplement a mniature radi o pager.
Al t hough the invention has been described wth reference to the specific
enbodi ment, this description is not nmeant to be construed in alimting
sense. Various nodifications of-the.disclosed enbodi nent, as well as ot her
enbodi ments of the invention, will becone apparent to persons skiidled-in

the art upon reference to the djﬁlmugﬂuﬂmﬁﬂmgml nvention. It is therefore
contenpl ated that the appended ciHik any nodifications or

enbodi ments as fall within the true %cdpe"ofsthé i nvention. - 21 -~ The
clainms defining the invention are as follows: 1. A radi o appar at us
conprising: a mcrostrip antenna conpris+mp.an antenna el enent constituted

by a first conductive filmfornmed on one of opposite nmajor surfaces of a
flat dielectric base plate, an earth plate constituted by a second

conducti ve thin fiLiJ0tard Sl bec AR s [HIA" «5W bagerol sghsh Gl ectric

base plate, and short-circtit nmeans connecting one end of said antenna
el ement and sai d easid lpkal ensciabstIvnCcs08h41;p aadtseridar pticdappagptaisr ecei ved
signal in response to an el ectronagnetic wave; a radio circuit neans for

converting said refefthed SPRELSiPre oplipAantiHdrednaPT AT el $PFcui t
board for mounting,pa idoi:a&?d-ogba[e;?gi& GeEEM fon"BANS cady SEH QkdeARIAGL havi ng

a pair of conductive plates ctromagnetically
that a call signal included in the digital signal is

identical with an address number assigned to said radio

pager.

3. A radio apparatus as claimed in claim 2, wherein
said microstrip antenna comprises a half-size microstrip
antenna formed by selectively removing thin conductors
formed on .both surfaces of said flat dielectric base plate
by etching and by constituting said short-circuit means
by through holes;

said ;ﬁtenna element comprising one of said conductors -
formed on one surface of said dielectric base plate;

said earth plate comprising the o;her conéuctor formed
on and over substantially the entire area of the other
surface of said dielectric base plate;

said short-circuit means comprising a plurality of

first through hole means connecting one side of a

'_quadranéle of said antenna element and said earth plate.

4. A radio apparatus as claimed in claim 3, wherein
said microstrip antenna comprises:

a side conductive £ilm formed on said one surface of



covering said printed circuit board to prevent unnecessary el ectromagnetic
waves fromleaking fromsaid printed circuit board, said shield nenber
including a pair of conductive plates one of which is bent in a crank
configuration and accomobdates said mcrostrip antenna in a recessed
portion of said crank configuration; and antenna supporting neans
connecting said earth plate to part of an outer surface of said shield

menber with respect to high frequeney—2+-—-—-A-radio apparatus as clained
inclaiml, wherein said radio circuit neans conprlses a local oscillator
for generating a local oscillati oz“ﬂ'l l ! f or - 22 -
converting said received signal t by said | ocal

oscillation signal; and said radio apparatus further conpri sing cal

control neans for alerting a user of said radio pager to reception of a
call on determning that a call signal knetuded in the digital signal is
identical with an address nunber assigned to said radio pager. 3. A radio
apparatus as claimed in claim2, wherein said mcrostrip antenna conprises

a half-size m Crosssaapaéﬂtegep fb%%%@é selachi ¥elnieopvd g Eibfent ;

conductors fornmed on bo sur aces said flat dielectric base plate by
etching and by cons#ituting said short-circuit nmeans by through holes; said
antenna el ement conprising one of said conductors iorne on one surface of

said dielectric base pfa@raibiy odafefPHl APECLONPPTISIMG e hBEREF € onduct or
formed on and OVersaEHbéic?&tc'oﬁ‘éﬁ%%ﬁrQefﬁ‘r& 08 alReeffed hRapLher surface of
said dielectric base plate; said short-circuit neans conprising a plurality
of Q
| 5. A radio apparatus as claimed in claim 3, wherein
said antenna element comprises a pair of slits located

in the vicinity of said short-circuit means and extending

in the same direction as said short-circuit means.

6. ‘A radio apparatus as claimed in claim 3, wherein
said shield member including a connecting surface of said

earth plate has a greater area than said earth plate.

7. A radie apparétus as claimed in claim 6, wherein
said shield member is bent in a crank configuration, said
earth plate being accommodated in a recessed portion of
said crank configuration.

8. A radio éager comprisings:

a microstrip antenna comprising an antenna element,
an earth plate, and short—cir@uit means connecting one
end of said antenna element and said earth plate, said
microstrip antenna producing a recei&ed signal from a
paging signal;

radio circuit means including an oscillator for



first through hol e neans connecting one side of a quadrangle of said

antenna el enent and said earth plate. 4. A radi o apparatus as clained in
claim 3, wherein said mcrostrip antenna conprises: a side conductive film
formed on said one surface of - 23 - said dielectric base plate outside
of said antenna elenent; and a plurality of second through hol e nmeans
connecting said side conductive filmand said earth plate. 5. A radio

apparatus as claimed in claim3, wherein said antenna el ement conprises a
pair of slits located in the vicini tﬁ of said short-circuit neans and

apparatus as clainmed in claim3, ijﬂ m"m’mm]ﬂm th nerrenggf. i gcl udf\ngrgagi °

connect i 1y shdét HaRerHephaid earth pl at & hhs % gteater area than said earth

plate. 7. i ratus as clainmed in claim®6, wherein said shield
menber is k configuration, .ssid earth plate being
acconmmodat ssed portion of said crank configuration. 8. A .

radi o pager conprising: a mcrostrip antenna conprising an antenna el enent,

an earth plate, and short-circuit neans connecting e . f {d antenna
el enent and said e&PPRETHALIIS FCG N 55 ??pléﬁ?e%%%ﬁﬁggu%gﬁgﬁé recei ved

fSi gnal froma pagi ng sighal cohBH10nEikS Yok ABAIS ngNE lusdirngf arridscadiaat or
o 10 pager to reception of a call on determining that a call
signal included in said digital signal is identical with
an address number assigned to said radio pager;
a printed circuit board mechanically suppdrting part
of radio circuitry includihg said local oscillator;
15 a pair of conductive plétes located on both sides of
said printed circuit board;
connecting means electrically connectiﬂg said pair
of conductive plates in peripheral portions of said
conductive plates while spacing apart said conductive
20 plates by a predetermined distance; and
antenna supporting means connecting said earth plate

to an outer surface of one of said conductive plates

mechanically and with respect to high frequency.

S. A radio pager as claimed iﬁ claim 8, wherein said
microstrip antenna comprises'a half-size microstrip
antenn; formed by selectively removing thin conductors
formed on both surfaces of said flat dielectric base plate
5 by etcﬂing and by constituting said short-circuit means
by through holes;
saia antenna element comprising one of said conductors

formed on one surface of said dielectric base plate;

said earth plate comprising the other conductor formed



- 24 - converting the received signal into a digital signal; call control
reans -for alerting a user of said radio pager to reception of a call on
determning that a call signal included in said digital signal is identica
wi th an address nunber assigned to said radio pager; a printed circuit
board for nmounting part of said radio circuit means; a pair of conductive
pl ates | ocated on both sides of said printed circuit board for

el ectromagnetically covering said circuit board to prevent unnecessary

el ectromagneti ¢ waves from | eaki ng-fromsaid printed ¢circuit board, said

one of said pair of conductive plat ' I N.a Crank configuration
and accommmodating said mcrostrip aEEHmbmEmlt@ﬂ!lsed portion of said
crank configuration; connecting nea s y sconnecting said pair of
conductive plates in peripheral portions of said conductive plates while
spaci ng apart. said conductive plates by a jredeterm ned di stance; and

ant enna supporting neans connecting said earth plate to an outer surface of
one of said conductive plates nechanically and with respect to high
frequency. 9. A radio pager as clained in claim@8, wherein said

m crostrip antennaosoppt ic¥es ssARRLIALIY Fheeasire Fraft ehiider 8FRRN by
sel ectively renovi r_;’gr%hl ng&g glxécggé%%grigega %In 3?11_;41 surfaces of said flat

di el ectric base pl ate %ﬁ/e I'ng an y cons Ing said short-circuit
means by through hol es;saai ghari-enfeuin) aeeid RapPidisigng pNeadftsaifl
conductors fornmed on one surface of said dielectric base plate; said earth
pl ate conprising tHérst Heropshdiedeoredsr fRERecting 2ane. sdde 4 apver

substantially the %ﬂ&th%éyéegfcgéiﬁhghégﬂﬂgrelement and said e;rth plate.

10. A radio pager as claimed in claim 9, wherein said
microstrip antenna further comprises:

a side conductive film formed on said one surface,
of said dielectric base plate outside of said antenna
element; and

a plurality of second through hole means connecting

said side conductive film and said earth plate.

“1l. A radio pager as claimed in claim 10, wherein said
connecting means is located further outside of at least

part of said second through hole means.

12. A radio pager as claimed in claim 8, wherein said

conductive plate connected to said earth plate has a

greater area than said earth plate.

13. A radio pager as claimed in claim 9, wherein said
conductive plate connected to said earth plate has a

greater area than said earth plate.



surface of said dielectric base plate; said short-circuit means conprising
a plurality of first through hol e neans connecting one side of a quadrangle
of said antenna el enent and said earth plate. 10. A radi o pager as clained
inclaim9, wherein said mcrostrip antenna further conprises: a side
conductive filmfornmed on said one surface of said dielectric base plate
out side of: said antenna elenent; and a plurality of second through hole
means connecting said side conductive filmand said earth plate. 11. A
radi o pager as clained in cl-aim 10, wherein said connecting neans is

| ocated further outside of at |eas ! ' cond t hrough hol e neans.
12. A radio pager as clained in c|wmﬂullmﬂﬂﬂ|ﬁ”mn d conductive plate
connected to said earth plate has a* greater narea than said earth plate. 13.
A radio pager as clained in claim9, wherein said conductive plate
connected ta said earth plate has a greats.-area than said earth plate.

- 26 - 14. Aradio pager as clained in claim13, wherein said.conductive

pl ate connected to said earth plate has a crank-like bent portion, said
earth plate being,accqmodated in ar pPQy{ L. OR40f kSn bantg portion.
15. A radi o pager lgs afved BAESt I & r%‘ié?ﬁ%grne?#lsﬁilé'%%ﬁcti ve film of

sai d antenna el eneBhatasvelpisteeubdinditag ta dahe smvh plateche®dm as sai d
ant enna el enment.

crank-like bent portion, said earth plate being accommodated

in a recessed portion of said bent portion.

15. A radio pager as claimed in claim 9, wherein said
conductive film of said antenna element has slits extending

in the same direction as said antenna element.

16. A radio pager as claimed in claim 8, wherein said
antenna supporting means comprises a thermal adhesion
.tape intervening between said earth plate and one surface

of said conductive plate.

17. A radio pager as claimed'in claim 9, wherein said
microstrip antenna further comprises:

land means insulated from said thin conductive film
fofmed on the other surface of said dielectric base plate;
and

third through hole means”connecting said antenna
element and said land means;

said printed circuit board comprising at least an
input terminal of said radio frequency circuit means;

said radio pager further comprising solder means
connecting said land means and said input terminal of

said radio frequency circuit means.



16. A radio pager as clained in claim8, wherein said antenna supporting
means conprises a thermal adhesion tape intervening between said earth

pl ate and one surface of said conductive plate. 17. A radi o pager as
claimed in claim9, wherein said mcrostrip antenna further conprises: |and
neans insulated fromsaid thin conductive filmfornmed on the other surface
of said dielectric base plate; and third through hole means connecting said
antenna el enent and said | and neans; said printed circuit board conprising
at least an input termnal of said radi o frequency circuit neans; said

radi o pager further conprising sol clm ng said | and neans and
said input termnal of said radio f m;‘ c"mn “ means. - 27 - 18. A
radi o pager as clainmed in claim14, Turthér Bonprising battery package
nmeans for feeding said pager circuitry; said battery package neans bei ng
di sposed between a projected portion of seuzﬂ bent portion and the other
conductlve plate .

8. a radio pager as claimed in claim 14, further

comprising battery package means for feeding said pager

Circuitry;

said battery package means being disposed between

a projected portion of said bent portion and the other

conductive plate.



