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ELECTRONIC DEVI CE HAVI NG AN RF CI RCU T | NTEGRATED | NTO A MOVABLE HOUSI NG
ELEMENT '5 Field of the Invention CGenerally, this. E%g%}on relates to
‘radio frequency (RF) circuits, including antennas, ?Béb-n cally to
i nt egrating those RF circuits into a novabl e hou3| ng el ement 10 of an

el ectroni c device. Background of the Inventjion Generally, electronic

devi ces, such as portable radios, are 15 becom ng physically smaller and

custoners and manuf acturers are demandi ng nore features. Consequently, sone
radios require a C0WpaELEOTMNIGODEMIGEIHAVING)\AMGREi(EHé@lHTsecond

purposes. 20 o SNEEARATEI IRRO A MOVAHREHODINGRLEMERTY |

" normal ly obstruct ed by a user's hand, a | ogical Iocatlon for an integrated
antenna is in an extended portion of the radiotel ephone housing. This
ext ended housing may _be realized by rotating a flip outwards, by twisting a
portion of th Field of the Invention |

Generally, this invention relates to radio frequency (RF)
circuits, including antennas, and more specifically to
integrating those RF circuits into a movable housing element

10 of an electronic device.

Background of the Invention

Generally, electronic devices, such as portable radios, are

15 becoming physically smaller and customers and
manufacturers are demanding more features. ‘Consequently,
some radios require a compact integrated antenna to provide
either a second antenna for diversity or to conceal the primary
antenna for cosmetic purposes. | '

20 Since most of the surface area of a portable radio is
normally obstructed by a user's hand, a logical location for an
integrated antenna is in an extended portion of the
radiotelephone housing. This extended housing may be
realized by rotating a flip outwards, by twisting a portion of the

) radiotelephone housing, or by sliding a portion of the
radiotelephone housing from a first position to a second
position. Such a portable radio has valid modes of operation
when the housing element is in the first position as well as in

. the second position.
0 Consequently, any antenna or RF circuit designed to be

integrated into a movable housing element must be designed
such that it performs well in both in the first position and the



25 radi ot el ephone housing, or by sliding a portion of the radi otel ephone
housing froma first position to a second position. Such a portable radio
has valid nodes of operation when the housing elenent is in the first
position as well as.in the second position. 30 Consequently, any
antenna or RF circuit designed to be integi2ated into a novabl e housing

el ement nust be designed such that it perforns well in both in the first
p05|t|on and the -2- second -position. Adifficulty in the antenna design
ari ses when the angesond positioe. s diffitultysin the antenma design arisesnity to the

el ectrical Cormonemanhetmea@gﬁbé&@c%gpﬁm, Hqg%%ﬁgéa% ihly 14 7St
cglcompanents ofish

~position is further away f
~ Typically, an ant [portable redinand the antenpsner

anplifier for mx':@ﬁ@ﬂ?ﬁ%ﬁ%ﬁ ﬁfﬁﬁ-ﬂféxaé‘irﬁﬁrﬁom'rﬁh% ifer dodiporierats
antenna is hi g hiy of the radio. Typically, an antenna must be tuned to match the
impedance of the power amplifier for maximum performance
of the antenna. The matching of an antenna is highly
dependent upon the position of the antenna during its
operation. Here, the antenna has two physical positions in
10 which it must operate efficiently. If the antenna is tuned when
in the first position, then when the antenna is in the second
position, near the electrical components of the transceiver, the
antenna is detuned. A detuned antenna has a poor impedance
match to the power amplifier and suffers a substantial loss of
15 performance. Thus, it is necessary to develop an antenna that
functions efficiently when the movable housing element is in
the first position and in the second position.

Brief Description of the Drawi

20
FIG. 1 is an illustration of a radiotelephone having a
movable housing element in an opened position in accordance
with the present invention.
25 FIG. 2 is an illustration of the radiotelephone illustrated in

FIG. 1 with the movable housing element in a closed pos:tmn
in accordance with the present invention.

. FIG. 3 is an illustration of a portion of the radiotelephone of
30 FIG. 1 in accordance with the present invention.



dependent upon the position of the antenna during its operation. Here, the
. antenna has two physical positions in 10 which it nust operate
“efficiently. If the antenna is tuned when in the first position, then when
the antenna is in the second position, near_the electrical conponents of
the transceiver, the antenna i s detuned. A 3etuned antenna has a poor

| npedance match to the power anplifier and suffers a substantial |oss of 15
.performance. Thus, it is necessary to devel op an .antenna that functions
efficiently .when the novabl e housing el enent is |n the first position and

.in the second posi ||-._At,.,.-,.),_.‘w e Preferral Eaibddimedntawi ngs 20 FIG 1 is an
il lustration of a radi otel ephone havi ng a novabl e hou5| ng elenent in an
opened position in accordance with the present invention. 25 FIG 2

is an illustratioon of Rl lrmhmnhus!}rhhna ofld pseﬁeare;hembodhﬁennoﬁnthe t he
i Fon S Bl i oG i, SRS Wi B e

a portable radiotelephone 100 such as a 1.9 GHz Japan po e
phone available from Motorola, Inc. A portable radiotelephone
typically includes a keypad 102, a display 104, a speaker 106, a
microphone (not shown) as well as the radiotelephone's

10 electronic components. The radiotelephone 100 is part of a
radio telephone system that uses radio frequency signais to
communicate between a remote transceiver (not shown) and a
plurality of radiotelephones, such as the radiotelephone 100
illustrated in FIG. 1. An antenna is used to send and receive

15 radio frequency signals between the remote transceiver and the
radiotelephone. As discussed in the background, it is desirable
to provide an antenna integrated into an extendible portion of
the radiotelephone's housing.

Here, the housing of the radiotelephone 100 is separated

20 into a first housing element 101 and a second housing element
108. The first housing element 101, also referred to as a flip, is
movable with respect to the second housing element 103. The
second housing element 103 contains a substantial portion of

~ the portable radiotelephone's electronic components. It is

% foreseeable that the present invention could be embodied in
other radio apparatus where the first housing element is
moved between the first position and the second position using
a twisting motion, a rotating motion, or a sliding motion. FIG.

. 2is an illustration of the radiotelephone 100 of FIG. 1 with the

30  first movable housing element 101 in a closed, or second

position.




30 FIG 1 in accordance with the present invention. -3- Description of
the Preferred Enbodinent FIG 1 is an illustration of a preferred

enbodi mrent of the 5 present invention. Here, an antenna systemis
integrated into a portable radi ot el ephone 100 such as a 1.9 GHz Japan

- pocket phone available from Mtorola, Inc.-4-portable radiotel ephone
typically includes a keypad 102, a display 104, a speaker 106, a m crophone
(not shown) as well as the radiotel ephone's 10. electronic coppQnents. The

radi ot el ephone 100 i s Ipdie prefernedaembodiragnt thesgntenns sxatens iuclpdes o
frequency signals g | 168 Ri WitRid ERPFiest fbvablé Kehasinpot shown)

TSt Pated 1 n” bl celoment Tahia et pair o conducistm alatag 120 L0 Aisposed, o o
frequency signal s kdthinethd fifst' Hovabie iauking ielement d0l lind ldatédhatphone. As
di scussed in tg1e b?Ck rgllrjlgqlliotftixg adnggﬂﬁf%g Conductive plate 107 is
electrically coupled to a first terminal 108 of the antenna 105,
and conductive plate 109 is electrically coupled to a second
terminal 110 of the antenna 105. In the preferred embodiment
the antenna 105 is a half-wave dipole, however, other antennas
10 could be substituted such as a loop antenna, a patch antenna,
or a monopole antenna, or any other known antenna.
Regardless of the type of antenna, the first pair of conductive
plates 107, 109 are disposed at the feed point for the antenna
105. Here, the feed point 111 of the dipole is located as shown in
15 FIG. 1. A second conductive plate 113 is disposed within the
second housing element 103 as shown in FIG. 1. The
conductive plates 107, 109 and 113 add shunt capacitance to the
antenna system. Alternatively, the shunt load capacitance
created by the conductive plates may be shifted away from the
20 immediate feed point of the antenna. A very wide range of
antenna impedance can be matched by changing the size of the
capacitive plates and their location along the antenna or the
transmission line in the flip that feeds the antenna.
FIG. 3 is an illustration of a portion of the radiotelephone
25 100 of FIG. 1. Specifically, FIG. 8 is used to illustrate a
connection between the antenna 105 and a transceiver 315 via a
transmission line 317. The transceiver 315 is a portion of the
radiotelephone's electronic components. The antenna 105 is
. tuned to match the impedance of the transceiver 315 while the
30 first movable housing element is in the open position, also
referred to as the first position. When the first movable
housing element 101 is in the first position, the first pair of



to provide an antenna integrated into an extendi ble portion of the

radi ot el ephone’' s housi ng. Here, the housing of the radi otel ephone 100 is
separated 20 into a first housing element 101 and a second housi ng

el ement 10 . The first housing elenent 101, also referred to as a flip, is
- novable with respect to the second housing&ienment 103. The second housing
el emrent 103 contains a substantial portion of the portabl e radiotel ephone's
el ectroni c conponents, It is 25 f oreseeabl e that the present inéention

coul d be enbodi ed condnuative plages18ppt0% contrihiteonlya smaliiameust p el enent

i's moved between tggudi bgbadifiide R t1 feed oiRe iRMbédRRRE! ITHis Widitional
twi sting notion, a rotating,motion, or a siidin t.ion. Flng.lstan
illustration of thamonatsfahuntsapacitgnge capde ¥ Reeounted fordn the

nmovabl e housi ng el fyfing oftheidhtenfibA0F], or second position. - 4-
5 The second conductive plate 113 is positioned in the second
housing element such that when the first movable housing
element 101 is in the second position, the first pair of
conductive plates 107, 109 and the second conductive plate 113
are parallel to and in very close proximity to each other. This
10 parallel plate arrangement creates a substantial increase in
the shunt capacitance across the antenna feed point 111. The
increase shunt capacitance effectively retunes the antenna 105
to maintain maximum performance of the antenna 105 even
though the antenna has been brought very close to the
15 radiotelephone's electronic components.
When the antenna 105 is optimized with the first movable
housing element 101 in the first position, as illustrated in FIG.
1, the antenna 105 is essentially tuned for free-space operation.
When the first movable housing element 101 is in a second
20 position, as illustrated in FIG. 2, it is close to the
radiotelephone's electronics components. If dielectric is not
present, image theory predicts with the first movable housing
element in the second position the radiation resistance will
* drop and the antenna impedance will become dominated by
25 capacitive reactance. In this case, adding shunt capacitance
at the feed point will not compensate for the detuning affect
caused by the radiotelephone's electronic components.
In the actual practice, when the first movable housing
. element 101 is in the second position, as illustrated in FIG. 2,
30 - the antenna 105 is not separated from the radiotelephone's
electronic components by air, rather, they are separated by
various dielectric layers created by the housing, keypad and



-

In the preferred enbodi nent, the antenna system i ncludes an antenna 105

di sposed within the first novabl e housing el enent 101, a first pair of
conductive plates 107, 109 disposed within the first novabl e housing

el enent 101 and located at a 5 feed ‘point 111 of the antenna 105.

- Conductive plate 107 is electrically coupleﬁ-to a first termnal 108 of the
antenna 105, and conductive plate 109 is electrically coupled to a second
term nal 110 of the antenna 105. In the preferred enbodi nent the antenna
105 i s a hal f - wave displaye ,Thmd@lectaxqmemhaﬁﬁabelmmc eonstanicwhich

substituted such agpg é,@gﬁ, o) fébeﬁeé%mﬁe }ﬁ hér dRslepdi€E antenna,
or any ot her known antep egar.d| es the first
pair of conductiveTR# 11‘61793999 %fwg'ﬁoéﬁﬁéltg‘iaﬁﬁ@gﬁbegnﬁ%ﬁwe’?% t he
antenna 105. Here, 105ewhesdhadirst n'idvhb@é holiging elehrentslOloisanetheas shown in
nousi ng el emert - 1095 RORny Hefs; cfustnk tis SRRARR mblelighle b7 °T05"5
113 add shunt capa(biecanedndnctlhe rathenthan ¢gapacitivel tGonsaguentiy, thee shunt
't ﬁgd capacitance Ch@aiith BY thOShaRE Wphtitindd Bdated Dy tie cdtlductileday from
plates 107, 109, 113 rematches the antenna impedance to the
transceiver's izhpedance. In other words, the shunt
10  capacitance modifies the effective electrical length of the
antenna 105 to equal the effective electrical length when the
antenna 105 is in the first position. These effects have been
verified by simulation and experiment as indicated in Tables 1-
3.
15 Although the text of the preferred embodiment discusses
the integration of an antenna into a movable housing element
of a radiotelephone, the inventors envision their invention to be
applicable to integrating any RF circuit into a movable housing
element of an electronic device. :



20 I medi ate feed point of thééf antenna. A very w de range of antenna
i npedance can be matched by changing the size of the capacitive plates and
their location algng_LhLaana_OLthe transmssion line in the flip that

feeds the antennaThls , n I|J ustration of a portion of the
radi ot el ephone 25 Specifi.cplly, FIG 3 is used to

Illustrate a conne he antenna 105 andra—Ttta v "”] via a
transnission |ine ei ver 315 is a poijt 1d® %‘fEET S BEEN |

radi ot el ephones el ect roni c corrponents The ant enna {105 i EEPLALED ‘

the inpedance of the transceiver 315 while the 30 ~Tirst novabl e housi ng
element is in the open position, also referred to as the first position.

When the first m)vable housi ng ele-\TE is fn the first position, the
first ngzoé 51 et MAECti ve péa&s a@ntri buteﬂﬁLé a‘-;fggl 'da

anount SeHeH
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Hld
CENTER 1 $00. 000 Oﬂp MHz SPAN 400. 000 000 MH=z

Retum loss characteristic of the antenna in free space.
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amount of shunt capaci tance can be easily accounted for in the tuning of

the antenna 105. 5 The second cond®stive plate 113 IS positioned in

t he second housing el enent such that when the flrsi égg; E@g el enent
P

101 is in the second position, the first pair of 107, 109
and the second conductive prate—113-are parallel |to_and 1 n VEry close

proximty to eachTids $ieét HaslB¥eSRDiceq PAral l el plate arrangenent creates a

substantial increa - capaci tance across the antenna feed point
111. The increase iﬂﬂwmgwﬂ t’rce effectively retunes the antenna 105 to
mai ntai n maxi num per hé antenna 105 even though the antenna has

been brought very close to the 15 radi ot el ephone’'s el ectroni ¢ conponents.
When the antenna 105 is optimzed with the first novabl e housi ng el enent

101 in the first position, as illustrated in FIG 1, the antenna 105 is
essentially tuned for free-space operation. Wen the first novabl e housing
el ement 101 is'in a second 20 position, as illustrated in FIG 2, it is

close to the radiotelephoné7s—e1?§§ronhes c?gponents. If dielectric is not

CH2 S43 log MAG ‘S dB/ REF 0 dB 1s-11.023 dB
' 1] §31.
Cor
E/E
Dal
Hld
CENTER 1 S800. 000 000 MHz SPAN 400. 000 000 MH=
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We claim:



present, image theory predicts with the first novabl e housing elenent in
the second position the radiation resistance will drop and the antenna
i mpedance wi ||l become dom nated by 25 capacitive reactance.—| athi-s—case;

addi ng shunt capacitance at the feed point will not conpensate f _ :
detuni ng affect caused by the radiotel ephor®-s el ectronhgmmtﬁmqmﬁmimm
the actual practice, when the first novabl e housing el enenf LS wi Ns t e
-second position, as illustrated in FIG 2, 30 .the antenna 105 is not '
" separated from the CRAIMSI| ephone' s el ectroni c conponents by air, rather,
they are separated by various dielectric |ayers created by the housing,

keypad and -6- disp]lay, These dielectrjc | gyers have djelectri¢ constant
which are greater t%arﬁ%t@é@“mcrﬂ%@%%"%ﬁ%ﬁ mﬁlﬁmtr%gr?ateri al

increases the effegeeted Hotsing eRdmest)dvherd iri BRe First hohsitlp eVéinent e first
‘movable housi "8 el enqg%bhle%let%vséeﬁna Ii;]set position and a second position, the :
electronic device comprising: .
a radio frequency (RF) circuit having an impedance
disposed within the first housing element;
a first conductive plate disposed within the first housing
10 '  element; and
a second conductive plate disposed within the second
housing element and positioned such that when the first
housing element is in the first position the second conductive
'plate has a minimal effect on the impedance of the RF circuit
15 and when the first housing element is in the second position
the second conductive plate is in close proximity to the first
conductive plate and has a substantial effect on the impedance

of the RF circuit



5 second position, thus, causing the antenna inpedance to becone

I nductive rather than capacitive. Consequently, the addition of the shunt
capaci tance created by the conductive pl ates 107, 109;113-rematches-the-
antenna i npedance to the transceiver's inpedance. In o hunt
10 capacitance nodifies the effective el-dbtri cal Ien ﬂ mm‘!‘mﬂﬂmﬁu

105 to equal the effective electrical |ength when the g the
- first position. These effects have been verified by simulation and

experinment as indicated in Tables 1- 3. 15 Al t hough the text of the
preferred enbodi mept %ﬁ@}&% it [@evicy fbeddrdaneé withaaARA P whirei novabl e
housi ng el enent- of a*g&; phone the inventors envision their invention
to be applicable t&} gmﬁgsaﬂwanﬁe@m «cuit into a novabl e housi ng

el ement of an el ectronic device. [err]
5 3. An electronic device in accordance with claim 1 wherein
said first housing element is flipped between said first position
and said second position.

4. An electronic device in accordance with claim 1 wherein
10 said first housing element is twisted between said first posxtmn
and said second position.

5. An electronic device in accordance with claim 1 wherein
said first housing element is slid between said first position
15  and said second position. |



[err] CLAIM5 1. An electronic device having a first housing el enent and
a second housing elenment, where in the first housing elenent is 5 - —Lm#a,bl_e_

between a first position and a second position, the electro devi c
conprising:. a radio frequency (RF) circuit having an inped m H' ,m,um
‘within the first housing elenent; a first ebhductive plate

the first housing 10 el enent ; and a second conductive plate dlsposed

wi thin the second housing el ement and positioned such that when the first

housing element is in the first position the second conductive
6. A radio having a first housing element and a second

housing element, where in the first housing element is
movable between a first position and a second position, the
5 radio comprising:
an antenna having an electrical length, a feed point and
disposed within the first housing element; |
at least a first conductive plate disposed within the first
housing element; and
10 " a second conductive plate disposed within the second
housing element and positioned such that when the first
housing element is in the first position the second conductive
plate has a minimal effect on the electrical length of the
antenna and when the first housing element is in the second
15 position the second conductive plate is in close proximity to the
at least first conductive plate and creating a substantial effect
on the electrical length of the antenna.



pI' ate has a mnimal effect on the inpedance of the RF circuit 15 and when

the first housing elenent is in the second position the second conductive

pltate is in close proximty to the first conductive plate and :
substantial effect on the inpedance of the RF circuit IH[“ﬁ“l"“l"#lll|”I||
device in accordance with claim1l wherein said RF circuit |s aw arst emna® 5s

3. An electronic device in accordance with claim1l wherein said first

housi ng el enent is flipped between said first position and said second
position. 4. An electronic device in accordance with claim1 wherein 10

said first housing elenent is tw sted betwd@r said first position and said
second position. 5. An electronic device in accordance with claim 1 wherein
said first housing elenment is slid between said first position 15 and

sai d -second position.

7. A radio in accordance with claim 6 wherein said at least |
first conductive plate is positioned at the feed point of the
antenna.

8. A radio in accordance with claim 6 wherein said first
antenna is a half-wave dipole antenna.

9. A radio in accordance with claim 6 wherein the radio

10 contains other electronic components of which a substantial
portion of said other electronic components are disposed within
said second housing element thereby creating a large
conductive body in the second housing element such that when
the first housing element is in the second position, the

15 electrical length of the antenna is adversely affected, the size
and position of the at least first conductive plate and the second
conductive plate counteract the adverse affect of the electrical
length of the antenna caused by the large conductive body.



6. Aradio having a first housing el enent and a second housing.elenent,
where in the first housing elenent is novable between a first ios’ition and

a- second position, the 5 radi o conpri sing: an ant enna“mmm Lﬂl’“w“ml

electrical length, a feed point and di sposed within the.

“elenent; at least a first conductive platel8i-sposed within the ¥ir'st

housi ng el enent; and 10 a second conductive plate disposed within the

second housing el enent and positioned such that when the first housing

element is in the fl0rstA padio ¢ommunication devicenbaving /2 firshhousing a ni ni nal

effect on. the el ectjd tk St housin
te[éxﬁﬁfat E@Hgé ggés%& REusitgCOIRt &S t%g&s’t %Jsh?é ( g

elenment is in the seco : Ion t second conductive plate is.in
close proxinity toelement ig mevable befween a first pesition and @8ecoBdt i ng a

substantial effect pggitidit theasecbhd Houstnd elerfbnt Benfiihe Asubstantial
5  portion of the radio communication device's electronic
components, creating a conductive body in the second housing
element, the radio communication device comprising:
an antenna having a first impedance, a feed point, a first
terminal, a second terminal and disposed within the first
10 housing element; '
~ afirst pair of conductive plates disposed on the first
terminal and the second terminal at the feed point of the
antenna and within the first housing element; and
a second conductive plate disposed within the second
15 housing element and positioned such that when the first
- housing element is in the first position the second conductive
plate has a minimal effect on the impedance of the antenna
and when the first housing element is in the second position
the second conductive plate is in close proximity to the first pair
20 of conductive plates creating an effect on the impedance of the
antenna fo counteract the affect of the conductive body on the
impedance of the antenna.




HE
- - -- - - - -12- 7. Aradio in accordance with claim®6 wherein
said at |least first conductive plate is positioned at the feed point of the
antenna. 5 8. A radio in accordance with claim®6 wherein said first antenna
is a.half-wave dipole antenna. 9. Aradio in accordance with claim®6
wherein the radio 10 contai ns other elegctronic conponents of which a
- substantial portion of said other elecipdp conponents are disposed within
sai d second housi ng el enent thereby creajWma.l arge conductive body in the
second housi ng el ement such that when tﬁﬁ W eS| Ngwel ement is in the
second position, the 15 el ectrical /n Ty eyl

| £ \o\‘ i
affected, the size and position of théﬁzﬁ' AW

t he second




conductive plate counteract the adverse affect of the electrical |ength of
- the antenna caused by the | arge conductive body.

10. Aradio
conmmuni cati on device having a first housing el enent and a second housi ng
el ement, the first housing element is novabl e between a first position and
a second position, the second housing el enent contains a substantial 5
portion of the radi o comrunication dewgc ggelectronic conponents, creating
a conductive body in the second housing ‘%l enent, the radi o comuni cation
devi ce conprising: an antenna having a first

i npedance, a feed point, a
first termnal, a second termnal and di sposed within the first 10
housi ng el enent ;

a first pair of conductive plates disposed on the first
term nal and the second term na

at the feed point of the antenna and
within the first housing elenent; and a second conductive plate di sposed
wi thin the second

FIG.S3
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15

element is in the first position the second condu

housi ng el enent and positioned such that mhen the first hou5|ng

effect on the inpedance of the antenna and when th TﬂﬂﬁsﬁHEr‘fgd%‘?@E%m
is in the second position the second conductive pl@te is RERL %?%Ee pr
~to the first pair 20 of conductive plates creating an etfect on t he
. I npedance of the antenna to counteract the affect of the conductive body on
~the inpedance of the antenna.

ELECTRONI(E DE]V'ICE E-IAV'}NG AN RF CIRCUIT
INTEGRATED iNTO A MOVABLE HOUSING ELEMENT

Abstract of the Disclosure

When a radio frequency (RF) circuit is integrated into a
movable housing element of an electronic device one must
consider the affects of the surrounding area when the RF
circuit is in a functioning position. A preferred embodiment is
a radiotelephone (100) having an antenna (105) integrated into
a movable housing element (101). The antenna (105) has two
functioning positions, an opened and a closed position. The
antenna (105) is tuned for efficiency when the movable housing
element (101) is in the opened position. When the movable
housing element (101) is in the closed position, a first pair of
conductive plates (107, 109) located in the movable housing
element (101) and a second conductive plate (113) located in the
second housing element (103) are positioned to retune the
antenna (105) due to the detuning affects caused by the close
proximity of other electronic components located in the second
housing element (103). :

his Sheet Has Been Replaced
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ELECTRONI C DEVI CE HAVI NG AN RF CI RCUI T | NTEGRATED | NTO A IVD\/ABLE HOUSI NG
ELEMENT Abstract of the Disclosure: Wien a-radio f ety t 1S
infegrated into a novabl e housing el enent of an el ESEFIQOEMENTSBE. O Must
consider the-affects of the surroundi ng area whenit he |si n a
functioning position. A preferred enbodi nermt?<is a reali ¢ t%wm..(.loa )
~ havi ng an antenna (105) integrated into a novabl eithau £ )
The antenna (105) has two functioning positions, an opened and a cl osed
_position. The antenna (105) is tuned fqlt; i ci ency when the novable
housi ng el enent (101) is in the opened—;%gréﬁ on. When the novabl e -housi ng

el ement (101) is in the closed position, a first pair of conductive plates
(107, 109) | owa &4 N tiwyg m.w@bl e hossaag eREreot d8101) andua-secrea ds

conductive plate Ut fecony MoUST Ny GG [gdd Bdo Mkz
positioned to re . Stritre—tto—t-t tertomT Ty ed
by t he cli oseCpro Lad A of o . cirbnic.do i cond

housi ng el enBAE 103) .
' Dal

Hid

CENTER 1 $00.000 000 Mz SPAN 400. 000 000 MH2
Retum loss characteristic of the antenna in free space.
TABLE 2 o
CH2 Si, log MAG S dB/ REF O dBb T 13 -12.626 dB
- : | | : " 1} @31. ¢o0 odo m-czT
Cor : . M : ' ;J-f/
E/E N ""5—.-/
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We claim:



circuit is in a functioning position. A preferred enbodi hS a

radi ot el ephone (100) having an antenna ( 10 mregrat qlg,_@Eq novabl e
Rousi ng el ement (101). The antenna (105) h RERLAY \ ositions, an
opened and a closed position. The antenna (Jl05) is tuned Tor @fficiency

when the novabl e housing el enent (101) is il PH opeed poskiton. Wen the
movabl e housing el ement (101) is in the cl o§&d” p05|t|on a first pair of
conductive plates (107, 109) | ocated in the novabl e housing el ement (101)

and a second conduct| i%éb EVICH Vm@mqu@ﬁt@gﬂng el ement

Gifotts caused by HST R “Bt Tish Nnd & BORaRLE sOUSING ECERENT,

| ocated in the second hou5| ng el ement (103).

Abstract of the Disclosure

When a radio frequency (RF) circuit is integrated into a
movable housing element of an electronic device one must
consider the affects of the surrounding area when the RF
circuit is in a functioning position. A preferred embodiment is
a radiotelephone (100) having an antenna (105) integrated into
a movable housing element (101). The antenna (105) has two
functioning positions, an opened and a closed position. The
antenna (105) is tuned for efficiency when the movable housing
element (101) is in the opened position. When the movable
housing element (101) is in the closed position, a first pair of
conductive plates (107, 109) located in the movable housing
element (101) and a second conductive plate (113) located in the
second housing element (103) are positioned to retune the
antenna (105) due to the detuning affects caused by the close
proximity of other electronic components located in the second
housing element (103).

Figure 1



