- 1 - ANTENNA FOR AN ELECTRONI C APPARATUS 5 This invention rel 88y %=
generaltly to an antenna and an antenna coupling device for radi o equi pnent

and more particularly relates-to an antenna structure nounted in a novable
housi ng el enent and coupled to a portable radio transceiver. Antennas for
portabl e radi o equi pnent pose particular 10 probl ens in the areas of
efficiency and reliability. Preferably, an antenna should be of a size

which is related to the wavel ength of operation of the radio and should be

| ocated in a position away from conducti ng or abpsorbi ng materi
externally exposed antenna which nmay neet these criteria, however, TS

subject to wear and abuse 1 mmnmwumemmmmm It
has been shown that an antenna could be placed in a |location interior to

t he housing of a portable radiotel ephone
5,014, 346 and 5, 170, 1dacksrerndg R¥ERNEIS

for exanple see U. S. Patent Nos.
Bi gnee of the present invention.

The ant ennas di scl osed therein 2 0 are located in: a housing flip el enent,
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coupled to a portable radio transcetver.

Antennas for portsble radio equipment pose particular
problems in the areas of efficiency and reliability. Preferably, an
antenna should be of a size which is related to the wavelength of
operation of the radio and should be located in a position away from
conducting or absorbing materisls. An externally exposed antenna
which may meet these criteria, however, is subject to wear and abnse
which shorten the antenna's lifetime.

It has been shown that an antenna could be placed in a
location interior to the housging of a portable radiotelephone; for
example see U.S. Patent Nos. 5,014,346 and 5,170,173 assigned to the
assignee of the present invention. The antennas disclosed therein
are located in a housing flip element, thereby realizing separation of
the antenna from the remainder of the housing and protection for the
antenna radiating/receiving elements. Coupling to/from the
antenna is realized by capacitive or inductive (transformer) coupling
located in the knuckles of the hinge. Other techniques of coupling via

-a rotating joint have been to use flexible spring wiper elements or

thin coaxial cables to bridge hinged elements . Either of these
techniques suffer problems: coaxial cables are bulky, mechanically
noisy, and prone to fatigue fajlure while contact-type connectors are
electrically noisy and prone to wear. - Fixed coupling to antennas
through such media as glass, which has become popular for
mounting cellular radiotelephone antennas to vehicular window
glass, does not suffer the problems associated with movement of the
coupling elements. The teachings of such fixed coupling techniques
are of limited value for the embodiment of the present invention.
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|l ocated in the knuckles of the hinge. Qher techniques of coupling via 2 5
a.rotatng j oint have been to use flexible spri-ngswi per elenents or thin
coaxial- cabl es to bridge hinged el ements. Either of these techniques suffer
probl ens: .coaxi al cables are bul ky, nechanically noisy,and prone to fatigue
failure while contact-type connectors are electrically, noisy and prone to
wear. Fixed coupling to antennas 30 t hrough such nedi a as gl ass, which
has becone popul ar for nounting cellul ar radi otel ephone antennas to

vehi cul ar wi ndow gl ass, does not suffer the prel ens associated with
novenent of the coupling elenents. The teachings of such fixed coupling

t echni ques are of |limted \/mauihgfmaht&mﬁmothdm&ah&usmgqmnsaeﬂip element

ilnventi on. EPLACED SHEE! Ty RET)) %ﬂﬁ-ﬂh the radio
h’lousing or inaflipe gem[q nay H% Ire corrprom ses |€1‘m e anog'nna

ionf i guration. ConpensGempgnsafing fers @m@ismWPé%Wonal
ircuitry which COﬂSUWW|MmMWHh% portsisieo.

Thus, it would be desi[abl syl AVbiR 13 ueMBoEIN e dolivfle an antenna ina
| : protective radio housing element while minimizing volume and
number of elements in a device which couples the antenna to the
radio.

10 Summarv of the Invention:

Accordingly to address these problems, the present invention
encompasses an antenna having g balanced conductive
elacbomagneﬁcenergyra&iaﬁngorreeeivingporﬁnn with a first

15 impedance value and coupled to a transformer portion. The
transformer portion has a predetermined value of inductive coupling
and at least two windings tnovable relative to each other without
substantial variation in the value of inductive coupling. The
transformer portion matches the first impedance value to a second

20 impedance value and converts to unbalanced the balanced radiating
or receiving porfion.

Brief Descrintion of the Drawings:

25 FIG. 1 i= a perspective view of a portable radio transceiver
which may empioy the present invention.

FIG. £ is a view of the antenna-side transformer winding
which may be employed in the present invention.
30
~ FIG. 3 is a view of the radio-side transformer winding which
maay be employed in the present invention.

FIG. 4 is a schematic model of a tuned transformer coupling
35S  which may be employed in the present invention.




protective radi o housing el ement while mnimzing volunme and nunber of
elements in a device which couples the antenna to the radio. 10 Summary
of «the Invention: Accordingly to address these problens, the present

i nvention enconpasses an antenna having a bal anced conductive

el ectromagneti c energy radiating or receiving portion with a first” 15

| npedance val ue and coupled to a transfornmer portion. The transforner
portion has a predeterm ne val ue of inductive coupling and at |east two

w ndi ngs novable relative to each other w thou _substantial variation in
the val ue of inductive coupling The transformer portion matches the first

| npedance value to a second 2 i npedance val ue and converts to
unbal-anced the bal anced radi ng or ivin or lis
a perspective view of a p@?ﬁ }to eaq} l%‘?% S¢ ﬁ?%?"ﬂ\ﬁeéﬁ ?"‘B‘F%f"egfﬁﬁ
present invention. mlanegtmahmhwsetmaa in thespessenrtrer wi ndi ng

whi ch may be enpl oyeg@iveitiche Present invention. 30 FIG 3 is a view of the
radi o-side transforner w ndi ng which may be enployed in the present
i nventi on.

FIG. 6 is a cross sectional view of a flip element and hinge
apparatus which may be used in the present invention.

Description of a Preferred Embodiment:
10
.Ancﬂednonh:appannmsvﬂﬁdﬁznqyadvantuﬁmushruﬁhzethe
present invention is a portable cellular radiotelephone 100 such as
that shown in FIG. 1. Such a portable radiotelephone has user
interface elements, such as a telephone dialing keypad 102, located
15  on the front surface and which may be covered by a movable flip
" housing element 104 when not in use. Interior to the flip housing
element 104, the antenna radiating and/or receiving elements 106 are
o disposed (shown in cutaway view in FIG. 1) out of harm's way. Such
| a location provides physical protection for the antenna elements
20  while offering a separation from the remainder of the radio. The flip
element 104, in the preferred embodiment, employs two hinge
knuckles 112 and the radio housing employs one large central
knuckle 114 and two supporting knuckles 116 and 118. (While only a
| single antenna is shown for radiotelephone 100, it should be realized
| 25 that the antenna of the preferred embodiment may be used with
other, conventional, antenna structures. A single, whip-style
antenna may be mounted at the top of the portable radiotelephone, for
example, and used to provide antenna diversity for the portable
radiotelephone, In addition to the obvious space diversity nature of a
30 two antenna approach, the antenna of the present invention also
offers polarization diversity when used in conjunction with the
aforementioned whip antenna.)
Also vigible in cutaway in FIG. 1 is a coupling device 108 which
* is located, in two parts, in a knuckle of the hinge mechanically
35 coupling the flip element 104 to the rest of the radis. |




FIG 4 is a schematic nodel of a tuned transformer coupling 35 which may
be empl oyed in the present invention. FIG 5 is an exploded view of a
por.t abl e radio transceiver flip elenment which may house an antenna useful
in the present invention. 5 FIG 6 is a cross sectional viewof a flip

el enent and hi nge apparatus which may be used in the present invertion.
Description of a Preferred Enbodinent: 1 O An el ectroni c apparatus which
may advantageously utilize the present invention is a portable cellular

r adi ot el ephone 100 such as that shown in FIG- 4.- Such a portable

r adi ot el ephone has user interface elenents, such as a tel ephone dialing
keypad 102, located 15 Thécbhphﬁgdaﬁcsaosasananducﬁvdycqmleﬂeszm by

ﬁoH‘SYﬁS' ol erent 104 %@%ﬁé& aé”.‘gﬁ‘fn%é i Ha&cr%cel by tfeedrtfal | 0
are di sposed (shown knuthkleslidyw ephone housing
andseumﬁrwunﬁngrnomelungeknudde1123¢hmbadtothe£hp
5 element portion 104. The winding 201 of the transformer coupling

device 108 is located in the flip element hinge knuckle 112. Referring
to FIG. 2, winding 201 is a thin monoplanar metal (conducting) loop
having an outside diameter of 0.95 cm and a condnctor width of
0.15 cm and is symmetrical about the axis of rotation 206 of the hinge.
10 Winding 201 is a balanced winding and is coupled to both elements of
| the dipole antenna 106 via lines 203 and 204. Referring to FIG. 3, the
| other winding 301 in the housing central knuckle 114 is a thin
monoplanar metal {(conducting) loop having an outside diameter of
0.95 cm and a conductor width of 0.15 cm. This winding 301 is
15 coupled to the radio via a 1.8 pf capacitor 303 and line 307 and is
L ' grounded through via hole 305. This transformer winding,
! therefore, is an unbalanced winding and is maintained both coaxial
- with the axis 206 of winding 201 and directly opposite winding 201. A
! series capacitance has been found to be necessary ta cancel the self
| 20 inductance of the windings 201 and 301, since the transformer is not
f an ideal transformer. This capacitance will be discussed below.
l _ By placing the centers of the two windings on the same axis,
i and by coaxially aligning this axis of symmetry with the axis of
rotation around which the hinge knuckles pivot, a contactless
25 coupling of electromagnetic energy is achieved. Other techniques of
transferring electromagnetic energy through a hinge apparatus,
‘mentioned above, either introduce noise via the moving contacts or
suffer reliability problems due to mechanical fatigue of the cable
bridging the hinge. The inductive coupling employed avoids each of
30 these probléms.

A schematic representation of the transformer coupling is
shown in FIG. 4. For analysis, the schematic shows a balanced
input winding 301' and a balanced output winding 201'. Four

1 capacitors (Cy - C4) are uged to tune the transformer windings. It is
35 afeature of the present invention that only one lumped element
|




a location provides physical protection for the antenna elenents 20 while
offering a separation fromthe remainder of the radio. The flip el enent

104, in the preferred enbodi nent, enploys two hinge knuckles 112 and the
radi o housi ng enpl oys one |arge central knuckle 114 and two supporting
knuckl es 116 and 118. (Wiile only a single antenna is shown for

r adi ot el ephone 100, it should be realized 25 that the antenna of the
preferred enbodi nent may be used with other, conventional, antenna
structures. A single, whip-style antenna may.be.nmounted at the top of the
portabl e radiotel ephone, for exanple, and used to provide antenna diversity

fO{ the ]Po”gg e ra tt%PB@’iﬁed.' Thé(iﬁdo% Eci‘t&st aﬂ'l)ﬂ.gQinSﬂﬂmﬁnﬂht \edeSi ty
nature of a .antenna approac € antenna, o se

i nvention al so offer ﬂ@aﬂ&*ﬂ!"&%ﬂ'@a atmqé‘ﬂeﬁ é%“?"%ﬁ M
the af orenmenti oned weadh aﬂheﬁmhé aﬂma\mmhtenommltqnmmwaﬂlﬁhgﬁh tsaa
coupling device 108 ;]I Qe akitfyeof the

hi nge nmechani cal ISy 3¥@1 coup [ ng fegéﬂ#?) 33 %ﬁe rest of t he

radi o. -4-

shortened by 1.5 em.

The two capacitors C; and C3 on the radio-side winding 301"
are, in the realization of the preferred embodiment, replaced by one
capacitor (having the appropriate equivalent series capacitive

10  reactance). Since the radio 401 input/output is an unbalanced
circuit, this single capacitor for the unbalanced winding is well
suited to couple to the radio 401. In the preferred embodiment, this
single capacitor can be implemented as either a component
capacitor, such as a chip capacitor, or as printed parallel plates on

15  the substrate bearing the winding 301. The transformer coupling 108
is therefore able to perform the function of a balun: the transformer
winding 201 which couples to the balanced antenna is balanced and
the transformer winding 301 which couples to the radio is
unbalanced.

20 The antenna 106 of the preferred embodiment is a "C" shaped

. balanced dipole, as shown in FIG. 5. Each of the antenna elements
501 and 503 fit within the mechanical dimensions of the flip housing
element 104 and are essentially symmetrical. In the preferred
embodiment, where the band of radio operation spans the frequency

25 -range of from 865 MHz to 895 MHz (and has a nominal wavelength of
34 cm in free space), the antenna has the dimensions shown in FIG.
‘5 and the elements consist of a copper layer 0.0036 cm thick. As
described earlier, these dimensions of each dipole arm are shorter
than a quarter wavelength in this frequency band by 1.5 cm. This

30 shortening of each arm creates a capacitive reactance as part of the
antenna impedance. In the preferred embodiment, the 1.5 cm
shortening creates a capacitive reactance equivalent to 1.8 pf, which

| is a reactance equal in magnitude to the magnitude of the self

! " inductive reactance of the antenna-gide transformer winding. The




The coupling device 108 is an inductively coupled transformer structure
:havi ng one wi nding, or conductive |loop, in the central knuckle 114 which is
attached to the portabl e radi ot el ephone housi ng and second wi nding in one
hi nge knuckl e 112 attached to the flip 5 elenent portion 104. The w ndi ng
201 of the transformer coupling device 108 is located in the flip el enent

hi nge knuckle 112. Referring to FIG 2, winding 201 is a thin nonopl anar
metal (conducting) | oop having an outside dianmeter of 0.95 cmand a
conductor width of 0.15 cmand is symetrical- ébout the axis of rotation,
206 of the hinge. 10 Wnding 201 is a balanced winding and is coupled to
both el ements of thecdﬂmheemsmﬁnuimsmeﬁsﬁﬁadandwsuwmmsg to

ELSop?an;?errgE gler (?o%%ﬁ#ﬁ%‘pgﬁﬁgﬁ%i‘% ng%‘%l %l gﬁyrre%ﬁﬁtf t hl "

and a conductor wi dth of Thissomewhat @m&m@gm rednested to the
radio via a 1.8 pf CafstibR resiB@nee qlsshﬁg,om UgHergy a
hole 305. This t ans orner windin th ref re ng and
i s mai ntai ned. bo %’59?%!’ ?ﬁ%‘%ﬁ?‘f@é‘“&ﬁ"’?ﬂ% a(r?g“1 rectly
opposi te wi ndi ng 201&@@%@!@@@&5‘3@@9 bBBecessary

E o cancel the self 2@ansforiiddebapling 108 bl sifitedto &%midlﬁhiﬁis itipédendehe
bre?(r;\?\: ormer is not ap_| d{eal ]i:oan o nertha;fbps C%W el I!l t&w Eg&lssed
: suffer reduced transformer bandwidth due to a higher Q, the
10 - characteristics of the tuned coupling circuit are modified from 2 15 -
ohm to 50 chm transformer by simultaneously reducing the self
inductance of each winding to approximately 18 nHy and the mutual
inductance of the coupled pair to approximately 5 nHy. This
? : modification of each winding preserves the bandwidth but increases
15 the value of capacitance needed to the 1.8 pf value mentioned above.
The spacing between the windings is maintained at
approximately 0.18 cm by the material of the portable housing
knuckle and the material of the flip element knuckle. See FIG. 6
~ which shows a cross section of the radio housing hinge and the flip
20 element 104, The radio-side winding 801 and the antenna-side
winding 201 are, in the preferred embodiment, disposed on the
| plastic material of their respective knuckle. The space between the
| two knuckles is maintained at a minimum by a spring 601 which is
| mounted in the radio housing side of the hinge and which includes a
25 .detent 608 so located that spring pressure presses together the two
knuckle surfaces that bear the windings.

Thus, the antenna and transformer coupler are able to create a
reliable and efficient electromagnetic radiator in a portable
radiotelephone flip element. The transformer coupler transfers

30 electromagnetic energy across the flip element hinge without
contacts or through-coaxial cable and couples a monoplanar antenna
to 8 radio. The transformer coupler both matches the lower

| impedance of the antenna to the impedance of the radio, and is a

[ balun between the balanced antenna and the unbalanced radio.
35 We claim:

i



By placing the centers of the two w ndings on the same axis, and by
coaxially aligning this axis of symmetry with the axis of rotation around
whi:ch t he hinge knuckles pivot, a contactless 2 5 coupling of

el ectromagnetic d. O her techniques of transferri ng

el ectronagneti clmmﬂm"““a“ mrhl nge apparatus, mentioned above,’ either

i ntroduce noise W a‘hé nbvihg *contacts or suffer reli-ability probl ens due
to nmechanical fatigue of the cable bridging the hinge. The inductive
coupling enpl oyed avoi ds each of 3 0 these ptgblens. A schematic
representation of the transformer coupling is shown in FIG 4. For anal ysis,
the schenmati c shows aced i nput w nding 301' and a bal anced out put

wi nding 201'. Four capacitors ((err] - Cferr]) are used to tune the

transformer windings. It is 3 5. a feature of the present invention that
only one lunped el emdat An Butenpmspperatss compgisingie two capacitors (err]

and Clerr] on the antennaa%ﬁﬁnwmebmcﬁw elédnrdxﬂ@'ﬁatm‘ edergy radixtitigant |

%r[renl gﬁ;teﬁ P)(; Zh(gter}wg eacporﬁ fnﬁe%lﬁpgt%%&%% oQgt nal quarter

: a transformer, coupled to said balanced conductive
electromagnetic energy radiating or receiving portion, having a
predetermined value of inductive coupling, having at least two
windings movable relative to each other without substantial variation

10 in said value of inductive coupling of said transformer, and
induding (a) an impedance transformation portion whereby said
first impedance value is transformed to a second impedance value,
and (b) a balun portion whereby said balanced radiating or receiving
portion is converted to unbalanced.

15 :

= 2 An antenna apparatus in accordance with claim 1 further

comprising a capacitive reactance, coupled to one of said at least two

: transformer windings, having a magnitude equal to the magnitude
of the gelf inductance reactance of said one of said at least two

.20 transformer windings.

3. An antenns apparatus in accordance with claim 1 wherein

sald conductive electromagnetic energy radiating or receiving

portion further comprises an essentially "C" shaped monoplanar
25 -conductive strip.

4.  An antenna apparstus in accordance with claim 1 wherein the
antenna apparatus is to radiate or receive electromagnetic energy
having a predetermined wavelength and wherein said radiating or

30 receiving portion further comprises a conductive strip having a total
electrical length equal to a predetermined amount less than a half of
said predetermined wavelength.

! 5. An antenna apparatus in accordance with claim 1 wherein
35 each of said at least two windings further comprise a monoplanar
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somewhat shorter length to provide the necessary capacitive 5 react ance.
I n operation, each of the elenents of the antenna are shortened by 15 cm

The two capacitors—CGerr] and (err] on the radio-side winding 301' are, in
the reali zatioa’lﬂb the preferred- enbodi nent, replaced by one capacitor

(having the ap (Mf”’ nt series capacitive 1 0 react ahce) .
Si nce the radi / I s an unbal anced circuit, this single

capacitor for the unbal anced Winding is well suited to coupl e to the radio
401. In the preferred enbodinment, this single gapacitor can be inpl enented
as either a conponent capacitor, such as a chip capacitor, or as printed

paral:cel pl ates fm 15%%@&% Ioop biatitigoam Qﬁd@b&iﬂg\ﬂlﬂ}dﬁ@fﬁiﬁaﬂfh&s?zd
t ransforner coupling ’ the function of a
bal un: the transfor Mﬂ#ﬁ%@foﬁaﬁl“%% “jtphe bal anced antenna is
bal anced and the transforner w nding 301 which coupl es to the radio is

unbal anced. 2 0 6. Thg_naélgmc tubhgdﬁagigear:admemmdlﬂBﬁbles a"cC
shaped bal anced L‘ﬂ %own in Each of the antenna el enents

501 and 503 fit sions of the flip hgusing
el ement 104 and are essena wmdmwmelechnmemmw@mamﬁem,

where the band of r a%ﬁﬂgrdémgﬁt hEoihg 4 Best imfppdancy value;
a hinge, having at least two portions which are rotatable
relative to each other about an axis of rotation, one of said at least two
10 portions connected to said movable housing and another of said at
least two portions connected to the electronic apparatus; and
a transformer, electrically coupled between the radio and said
conductive electromagnetic energy radiating or receiving element,
: and having a first winding disposed in said one of said at least two
15 hinge portions and a second winding disposed in said another of said
at least two hinge portions, and including an impedance
transformation portion for matching a second impedance value of the
radio to gaid first impedance value, and a balun portion for
converting said balanced radiating or receiving element to
20 unbalanced.

)|

7. An electronic apparatus in accordance with claim 6 further
oomprising a capacitive reactance, coupled to one of said at least two
transformer windings, having a magnitude equal to the magnitude

25 - of the self inductance reactance of said one of said at least two
transformer windings.

8.  An electronic apparatus in accordance with claim 6 wherein
said conductive electromagnetic energy radiating or receiving

30 element further comprises an essentially "C" shaped monoplanar
conductive strip.

9. An electronic apparatus in accordance with claim 6 wherein
said balanced conductive electromagnetic energy radiating or
35 receiving element is to radiate or receive electromagnetic energy at a

-
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25 rangeWB% MHz (and has a nom nal wavel ength of 34
cmindfree sm t enna has the dinensions shown in FIG 5 and the
el ements condi H BZ ayer 0.0036 cmthick. As described earlier,

t hese di mensi dns co Le e armare shorter than a quarter wavel ength
in this frequency band by 1 cm This 3.0 shortening of each arim creates
a capacitive reactance as part of the antenna inpedance. In the preferred
enbodi ment, the 1.5 cmshortening creates a capacitive reactance equival ent

to 1.8 pf, which is a reactance equal in nagni®ude to the magnitude of the
sel f inductive reactance of the antenna-side transfoner w nding. The - 6-

conductive el ements ?Qédaaﬁhﬂh’a wheeléhgiosnd wherein! fiid radistingidoe

ré&.'ivmg
conprised of fiber g T |§§£ ﬁsggg bgg,hﬁ

Thi s sonewhat di storfgegﬁean pole anq[ogina asg{a re ucggﬁﬁ atlon reS| staﬁac]e
of approximately 15 &m@hq@ﬁﬂ&) ipredeterraingd amount; lgps; aaan @nce

transformation is negmmmmantenna rrrpedance to the typi cal
50 ohns of the r%dlo The transformer coupl ing 108 is also suited to

acconplish this i“npedance
10. An electronic apparatus in accordance with claim 6 wherein

said first winding and said second winding each further comprise a
monoplanar conductive loop having an axis and being disposed
coaxially to said axis of the other and wherein the axes of both said

10 first winding and said second winding are disposed coaxially with
gaid axis of rotation. '
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transformati on. Rather than space the w ndings further apart and suffer
reduced transfornmer bandw dth due to a higher: Q the 10 characteristics
of the tuned coupling circuit are nodified froma 15 ohmto 50 ohm
transfoner by sinultaneously reducing the self inductance of each w nding
to approximatelt 18 nHy and the nutual inductance of the coupled.pair to
approximately 5 nHy. This nodification of each wi nding preserves the
bandw dt h but increases 1 5 t he val ue of capacitance needed to the 1.8 pf
val ue nentioned above. The spaci ng between +H® w ndings i s maintained at
approximately 0.18 cmby the material of the portable housing knuckle and
the material of the flip elsNEBNNARORAN EEECTBONICVAFBARATWS a cross
section of the radio housing hinge and the flip 20 - elenent 104. The
radi o-si de wi nding 301 and t{he antenna-side wi nding 201 are, in the
preferred enbodi mentaklakkdslsBickli JISCOSRIS) astic naterial of their respective
knuckl e. The space between the two knuckles is maintained at a mninmmby a

spring 601 whicly is nmoun tg%% Eﬁ:ﬁ%ﬁfd f1obdi8q Bh 208 nd

whi ch i ncl udes g 2 5 garlll % so&Focate i?&\slir%guplgfgssure ses

toget her the two knﬂmts‘?frth&@é’? enna

and transforner cou_iﬂﬂneﬂ_ipebhiemttandmsﬁﬁdmgmedhedidmmcbm&s ci ent '

el ectronmagneti c 1 adyflbfion dhmdtid YleBl Geross the hinge while impedance matching
and performing a balun function.

(FIG. 1 accompanies this abstract)



radi ot el ephone flip el enment The transfornmer coupler transfers 3 0

el ect romagnetic energy across the flip‘el:enent hinge w thout contacts or

t hrrough- coaxi al cabl e and coupl es a nonopl anar antenna to a radi o. The
transforner coupler both matches the | ower inpedance of the antenna to the
I npedance of the radio, and is a bal un between the bal anced antenmna and the
unbal anced radio. 35 W claim Cains 1. An ant enna appar at us
conprising: a balanced conductive el ectromagnetic energy radiating or 5
recei ving portion having a first inpedance ygue; and a transforner,
coupled to said bal ggc nducgtive el ectromagneti c energy radiating or
recei ving portion, ﬁgvﬁﬁ prgdeterm ned val ue of inductive coupling,
having at |east two wi ndings novable relative to each other without
substantial variation in said value of 10 inductive coupling of said

transforner, and including (a) an inpedance transfornationdzﬁtLZOZEaher y
said first inpedance value is transforned to a second i npe celv e d

(b) a balun portion mhe;ﬁii ai d bal anced
’% : 203
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conductive el ectromagnetic energy radiating or receiving portion is
converted to unbal anced; one of said at |east two w ndings connected to
said 15 bal anced conductive el ectromagnetic energy radiating or receiving
portion to form an uninterrupted conductor.. 2. An ant enna apparatus in
accordance wth claim1 further conprising a capacitive reactance, coupled
to one of said at least two transfornmer 20 wi ndings, having a nmagnitude
equal to the magnitude of the self inductance reactance of said one of said
at least two transfornmer w ndings. 3. An antenna apparatus in accordance
with claim1 wherein said conductive el2f8tronmagnetic energy radiating or
receiving portion further 25 conprises an essentially "C' shaped

nonopl anar conductive strip. 4. An ant enn; »af us in accgedance with
claim1l1l wherein the antenna apparatus i eadi ,

el ectromagnetic erggy ~Aavi a prede

radi ati ng or redgi 'ndcgow Jon 30
having a total electrical |ength |
a half of said predeterm ned wavgl e
accordance with claim 1 wherein ¢

in
t further
di sposed

of said at |east two w ndings.
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6. A portable el ectroni ¢ apparatus enpl oying antenna diversity including

n’lr '\1- ||c

a radio m el enent, the portabl

conpr|5|ng ntenna for dlver5|ty havi n
val ue; ml m& u) ﬂ\/l ng at |east two porti n
rel atlve to*eac t an axis of rotation,
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electromagnetic energy radlatmg or receiving portion, having a

predetermined value of inductive coupling, having at least two windings
movable relative to each other without substantial variation in said value of
10  inductive coupling of said transformer, and including (a) an impedance
transformation portion whereby said first impedance value is transformed to
a second impedance value, and (b) a balun portion whereby said balanced
conductive electromagnetic energy radiating or receiving portion is
converted to unbalanced; one of said at least two windings connected to said

15 balanced conductive electromagnetic energy radiating or receiving portion to
form an uninterrupted conductor..

2. An’antenna apparatus in accordance with claim 1 further comprising a
capacitive reactance, toupled to one of said at least two transformer

20 -Windings, having a magnitude equal to the magnitude of the self inductance
reactance of said one of said at least two transformer windings.

3.  An antenna apparatus in accordance with claim 1 wherein said
conductive electromagnetic energy radiating or receiving portion further
25 comprises an essentially "C" shaped monoplanar conductive strip.

4. An antenna apparatus in accordance with claim 1 wherein the
antenna apparatus is to radiate or receive electromagnetic energy having a
predetermined wavelength and wherein said radiating or receiving portion
30 further comprises a conductive strip having a total electrical length equal to a
predetermined amount less than a half of said predetermined wavelength.

5. An antenna apparatus in accordance with claim 1 wherein each of said
at least two windings further comprise a monoplanar conductive loop

35 having an axis and being disposed coaxially to said axis of another of said at
least two windings.
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-9- prede ength-and wherein said radiating or receivVving

el efrent furg | conductive strip having a total electrical
| engt h equa“ Imemﬂuﬁﬂglned anount | ess than a half of said
pretlet er mi ned waval emgt fs. 10. An electrgnic apparatus in accordance with

claim6 wherein said first winding and sai @ 'second wi ndi ng each further
conpri se a nonopl anar conductive | oop having an axis and bei ng di sposed

coaxial ly 10 g2 & Axborigble dEcEOAR apilaiRployifie st hivebily sai d 10
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apparatus comprising: o
a balanced antenna for diversity having a first impedance value;
5 a hinge, having at least two portions which are rotatable relative to
each other about an axis of rotation, one of said at least two portions
connected to said movable housing and another of said at least two portions
connected to the portable electronic apparatus; and
a transformer, electrically coupled between the radio and said balanced
10 antenna for diversity and having a first winding disposed in said one of said
at least two hinge portions and a second winding disposed in said another of
said at least two hinge portions, and including an impedance transformation
portion for matching a second impedance value of the radio to said first
impedance value, and a balun portion for converting said balanced antenna
15 for diversity to unbalanced, said second winding coupling said balanced
~ antenna for diversity to form a single unbroken conductor.
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