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ANTENNA COUPLER FCR A PORTABLE RADI OTELEPHONE BACKGROUND
OF THE | NVENTI ON |. Field of the Invention The present
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pr esent mvenUUﬁ’ﬂg@m?rect ed to a novel and inproved ant eﬁﬁﬂ”@@%ﬁ‘

for a portabl e radiotel ephone. 10 I1. Description of the Related Art
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I1. Description of the Related Art

In the field of cellular communications, portable radiotelephones are
used to communicate with base stations over radio-frequencies (RF).
15 Typically, these portable radiotelephones operate at relatively low power
levels in order to conserve battery power and increase talk time. However,
when there are alternate power means available, such as a vehicle battery
when driving, or a conventional electrical outlet when indoors, the user of
the portable radiotelephone often employs special adapters to take advantage
20 of the higher power supply available. For example, there are many vehicular
adapters which transform the vehicle-generated electrical supply into a level "
suitable for use by the portable telephone, and also couple the RF signals to
and from the portable radiotelephone for use with an external power booster
and antenna. Additionally, these adapters may include a “hands-free” kit
25 including an auxiliary microphone and speaker. In this way, the user may
take advantage of higher power transmission and hands-free conversation
without sacrificing battery time, and yet still be able to carry the same
portable radiotelephone with him when he leaves his car.
In order to couple the RF signal to and from the portable
30 radiotelephone, a typical vehicular adapter uses an inductive coupler placed
close to the portable radiotelephone’s antenna. However, this technique may
result in a significant amount of RF signal energy loss, particularly when an
insufficient RF return path, or ground, is provided to the portable
radiotelephone while it is in the adapter. Since a typical portable
35 radiotelephone’s internal components are encased in an electromagnetic
interference (EMI) shield to prevent stray electromagnetic energy leaking
from the radiotelephone’s casing, the prior art vehicular adapters have not
been able to achieve a sufficient RF return path to the portable
radiotelephone.
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10 the ground plane base. When a portable radiotelephone is interfaced with
the antenna coupler, the at least one ground pin makes electrical contact
with assembly screws on the portable radiotelephone. Since the assembly
screws penetrate the EMI shield, a complete RF ground return path is
provided to the portable radiotelephone. Optionally, a ground pin makes

15 direct electrical contact with an external ground pad of a battery charging
port of the portable radiotelephone, providing an alternate means of
coupling the ground of the radiotelephone to the ground plane of the
antenna coupler.

In a second embodiment, a coupling pin makes direct contact with a

20 component of the RF chain of the portable radiotelephone, such as the
portable radiotelephone’s antenna. In the second embodiment, there is no
need for coupling the signal over the air by the curved bands of metal. In a
third embodiment, a helical coupler surrounds the antenna of the portable
radiotelephone, coupling RF signals over the air.

25 REF signals coupled from the portable radiotelephone’s antenna by the
antenna coupler of the present invention are passed through an impedance
matching circuit, and optionally to a power booster, where they are
subsequently transmitted on an external auxiliary antenna. In a converse
manner, signais received by the external auxiliary antenna are coupled to

30 the portable radiotelephone by the antenna coupler of the present
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

35 The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below when
taken in conjunction with the drawings in which like reference characters
identify correspondingly throughout and wherein:
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radiotelephone; and
FIG. 4B is an illustration of the helical coupler of the third
20 embodiment of the present invention interfacing with an antenna of an
exemplary portable radiotelephone.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1B, a first embodiment of the antenna coupler 100 of
the present invention comprises ground plane 102, coupling elements 204a,
204b, and 204c, ground pins 206a, and 206b, and optional ground pin 206c.
Coupling elements 204a, 204b, and 204c are preferably constructed of

30 vertically facing, curved bands of a conductive material, such as copper,
steel, or the likee When portable radiotelephone 200 is interfaced with
antenna coupler 100, coupling elements 204a, 204b, and 204c receive retracted
helix antenna 204 of portable radiotelephone 200 and couple RF signals to
and from antenna 204. Coupling elements 204a, 204b, and 204c are

35 constructed and positioned in such a way that when portable radiotelephone
200 is interfaced with antenna coupler 100, coupling elements 204a, 204b, and
204c extend in a semi-circular array, each covering one-quarter of the
circumference of antenna 204. It should be noted that antenna 204 may also
be of a non-helical construction as is known in the art, such as a rod or loop
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10 204b, and 204c is electrically isolated from ground plane 102. Ground plane
102 also serves to electrically couple ground pins 206a, 206b, and (optionally)
206¢ to at least one of coupling elements 204a, 204b, and 204c. That is to say
that each of ground pins 206a-206¢c, ground plane 102, and at least one of
coupling elements 204a-204c share the same electrical ground potential. As

15 such, a complete RF signal path may be provided for coupling of RF signals
to and from antenna 204 by connecting ground pins 206a, 206b, and
(optionally) 206¢ to a suitable ground on portable radiotelephone 200.

An exemplary connection scheme of the coupling elements 204a-204c
of the present invention is seen in FIG. 2A. In FIG. 2A, coupling elements

20 204a and 204b are connected together, and electrically isolated from ground
plane 102, while connector 204c is connected directly to ground plane 102.
For signal transmission utilizing the present invention, RF signals from

- portable radiotelephone 200 (see FIG. 1B) are transmitted over the air by
antenna 204. Coupling elements 204a and 204b couple off the RF energy

25 from antenna 204 and pass it to matching circuit 110 which provides an
impedance match between power booster 302 and antenna coupler 100.
Optional power booster 302 increases the power of the RF signal coupled
from antenna 204 and passes the resulting high-power signal to external
antenna 304 for over-the-air transmission. For reception, the reverse signal

30 . flow occurs. RF signals received by external antenna 304 are optionally
passed through power booster 302 and matching circuit 110 to coupling
elements 204a and 204b where the signal energy is coupled to antenna 204 of
portable radiotelephone 200.

An alternative connection scheme of the coupling elements 204a-204¢c

35 is illustrated in FIG. 2B. FIG. 2B is similar to FIG. 2A, except that it is the
outer two coupling elements, 204a and 204c which are both connected to
ground plane 102, and only the inner coupling element 204b is electrically
isolated from ground plane 102 and connected to matching circuit 110. This
alternative arrangement of FIG. 2B has different RF characteristics than that
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pins 206a and 206b are spring-loaded to ensure reliable contact with assembly
screws 202a and 202b. Alternatively, radiotelephone 200 may be designed

15 such that assembly screws 202a and 202b make direct physical contact with
the internal EMI shield.

Direct contact may also be made between the ground plane 102 and
the internal ground of portable radiotelephone 200 through ground pin 206c,
which makes contact with battery ground port 208 of portable

20 radiotelephone 200. In this optional configuration, coupling between the
internal ground of portable radiotelephone 200 and ground plane 102 may
also be accomplished. It should ‘be understood that although the exemplary
embodiment illustrated in FIG. 1 comprises three ground pins 206a, 206b,
and 206c, alternate embodiments may comprise more or fewer pins to

25 accomplish the same function.

In a second embodiment of the antenna coupler of the present
invention shown in FIGs. 3A and 3B, coupling elements 204a, 204b, and 204c
of FIG. 1 are replaced with a direct contact coupling pin 404. Direct contact
coupling pin 404 is mounted to, but electrically isolated from, ground plane

30 102. Direct contact coupling pin 404 makes physical contact with an internal
component in the RF chain of radiotelephone 200. For example, if antenna
204 is encased in an insulative material, such as plastic, direct contact
coupling pin 404 makes physical contact with the internal electrically
conductive portion 408 of antenna 204 through a small opening 406 in the

35 outer protective casing of antenna 204, as shown in FIG. 3A. Alternatively,
portable radiotelephone 200 may have a small opening in its protective
casing for direct contact coupling pin 404 to make physical contact with -
antenna nut 414 or antenna clip 412, or any suitable component in the RF
chain of circuit board 410, all internal to portable radiotelephone 200. Direct
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4 antenna. It should al so be noted that portabl e radi otel ephone 200 may
generally be any type of nobile conmunication device, such as a cellular or
PCS radi ot el ephone, or a wireless |ocal |oop comruni cation device.

Coupl i ng el eM@OEIBWMa, 204b, and 204c are nounted at a resREIVUSIHOS4E
coupl er base to ground plane 102. In the preferred enbodi nent, ground
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ground plane 102. The embodiment of FIGs. 4A and 4B has different RF
characteristics than that of FIGs. 1 or 3A and 3B, and may be more suitable
for different operating frequency ranges or antenna structures.

20 In each of the above embodiments, antenna coupler 100 may be
encased in a plastic or other non-conductive housing assembly 300 or the
like in order to protect coupling elements 204a - 204¢, ground pins 206a - 206¢
and ground plane 102 from damage, and to provide support for the structure
of antenna coupler 100. Preferably, the housing assembly 300 encasing

25 antenna coupler 100 would have a receptacle on a top face for receiving and
securely capturing the portable radiotelephone 200 such that antenna 204 is
brought within close proximity to coupling elements 204a-204¢, and ground
pins 206a-206c are physically aligned with, and securely mate with, the
externally accessible grounds on portable radiotelephone 200, i.e. assembly

30 screws 202 and/or battery ground port 206. Clearly, many different designs
for the housing assembly 300 may be used without departing from the
inventive concept of the present invention. For example, the housing
assembly 300 may be fixedly mounted to a vehicle dash board. Alternatively,
housing assembly 300 may be a more portable hand-held design that may be

35 held close to the user’s head. _

The previous description of the preferred embodiments is provided to
enable any person skilled in the art to make or use the present invention.
The various modifications to these embodiments will be readily apparent to
those skilled in the art, and the generic principles defined herein may be



Opti onal power booster 302 increases the power of the RF signal coupled
fromantenna 204 and passes the resulting high-power signal to external
antenna 304 for over-the-air transm ssion. For reception, the reverse

signal 30 flow occurs. RF signals received by external anten
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and may be nore suitable for different operating frequency ranges or
antenna structures. Referring now to FIG 1B, ground pins 206a
and 206b nmake el ectri cal contact with assenbly screws 202a and 202b
(see FIG 1A) of portable 5 radiotel ephone 200. Since these assenbly
screws penetrate the internal el ectromagnetic shield (not shown)

encl osing the internal conponents of portabl e radi ot el ephone 200, they

i nprove the contact between the ground



of antenna coupler 100 and portable rad| ot el ephone 200. Although there is
typically no direct contact nmbly screws 202a and 202b of 10
port abl e radi ot el ephone ZOOLﬁﬂm\m mmn el ectromagnetic interference
(EM) shield (not shown), the secrews mpass through the edges of the shield,
provi di ng sumauoBze® ground potential. In the preferred enbbdl‘MMround
pi ns 206a and 206b are spring-loaded to ensure reliable contact with
assenbl y screws 202a and 202b. Altermgtively, radiotel ephone 200 may
be designed 15 such that assenbly scr g EAINgg and 202b make direct

physi cal contact with the internal EM shield. Direct

corntact may al so be nade between the ground plane 102 and t he internal
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outer protective casing of antenna 204, as shown in FIG 3A Alternatively,
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2 coupling comprises a metal pin for physically contacting said antenna.

-

4. The antenna coupler of claim 1 wherein said means for
2 coupling comprises a helical wire for surrounding said antenna.

5. The antenna coupler of claim 2 wherein said externally
2 accessible ground point is an assembly screw which penetrates an internal
electromagnetic shield of said portable radiotelephone.

6. The antenna coupler of claim 2 wherein said externally
2 accessible ground point is a ground pad of a battery charging port.

7. The antenna coupler of claim 3 wherein said externally
2 accessible ground point is an assembly screw which penetrates an internal
electromagnetic shield of said portable radiotelephone.

8. The antenna coupler of claim 3 wherein said externally
2 accessible ground point is a ground pad of a battery charging port.
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coupling pin M3 i nt er nal conponent in the RF chain of TUBYIRSAL
radi ot el ephone 200 as shown in either FIG 3A or 3B obviates the need for
the nultiple coupler configuration associat8d with over-the-air coupling as
shown in FIGs. 1 and92. Aghenantennahgouplepcofotlaimn t 4awheneian said cxtemaliye

of 5 a non-Hhgel h@&bsfdlts SOUNAUSSine Ss anrasdexﬁbl Whi&h e&&tegraa. f#ftehel as
18 known m\ﬁkha art 4 fiﬂ@ mé mlz%dl nen of t he antenna
coupl er 100 sho %Ehcz?)i‘e o %tfﬁants 204a- 204c may

be repl aced by a helical coupler 504. In thIS enbodi ment, when portable
radi ot el ephone 200 i 30 Nt Phé agkenith Eorlﬂl raBF%CQUWr&eﬂOQm&@ﬁému@“

is inserted ngi t udi nal  axis elical cou r 504
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ground plane 40%neifi SORASH Bised in~hfSinsfatiRd niteiaf &id htéiHa |35up1e1.-
comprising:
6 a ground plane;
a metal pin, mounted on a top face of said ground plane, for couphng
8 radio signals to and from said antenna; and
at least one ground pin, coupled to said top face of said ground plane,
10 for contacting said externally accessible ground point.

12. The antenna coupler of claim 11 wherein said externally
2 accessible ground point is an assembly screw which penetrates an internal
electromagnetic shield of said portable radiotelephone.

13. The antenna coupler of claim 11 wherein said externally
2 accessible ground point is a ground pad of a battery charging port.

14. A communication device adapter for coupling radio frequency
2 signals from a communication device having an antenna and at least one
externally accessible ground point, said communication device adapter
4 comprising:
a base element having a ground plane;
6 means, mounted on a top face of said ground plane, for coupling
radio signals to and from said antenna;
8 at least one ground pin, coupled to said top face of said ground plane,
for contacting said externally accessible ground point; and
10 a housing assembly, enclosing said base element, said housing
assembly having a receptacle on a top face for receiving said communication
12 device such that said antenna is positioned in proximity to said means for
coupling radio signals and said at least one ground pin contacts said
14 externally accessible ground point.



characteristics than that L and 3B, and nmay be nore suitable
for different operating fumuﬁnﬁ"mamr antenna structures. 20

ln each of the above enbo b & coupler 100 nay be encased in
a plastic or other non-conductive housing assenbly 300 or the like in
order to proweX3EApl i ng el enents 204a - 204c, ground pi nsPQIJGSHTASADGC
and ground plane 102 from danage, and to provi de support for the structure
of -antenna coupl er 100. Preferably, the hd@si ng assenbly 300 encasing 25
antenna coupl er 100 woul d have a receptacle on a top face for receiving and

securely capturing e t &F{aa' e 2 s hat. ac204 is
br ought within cl o.s@préﬁ‘}{?mgpg 0 %gﬁ%ﬁrngpgggﬁeggs%g%lhzghgqé%& rfégnd
pi s 206a- 286ccomplingcompeises,a plurahity) ofjupward facingcenraed bands of metal; gt
external | y acdesstidiecofsaidrtigved bands abhtetdlobling elefially d6lted ffom aaskbl y
30 screws 30(2)5%?1&@%]1 ttery ground port 206. early, many different

0

desi gns f Sing assenbly 300 nay be used w thout departing from
t he i nventive concept of the present invention. For exanple, the

foSi ngt_ assenblpg, 30HER¥nkehrial %Bipler "B RlSA 19 Whéee&hC stidlantarR0odbs -
ernatl ve

v NOUS| Ly .300 b . por t.abl e hand- hel d
Gest on 1 hat 2y pkngsobygli oy Rl e PRtusndly” il bl anfeniC

previ ous description of the preferred enbodinents is provided to enabl e

any person skilled gy thmeahhtézﬁ\m_aggr U RlaifAC 187 WHahdin! B¥RN théhs for The

various nodifications to these eﬁb di| ?ts wll he readily apparent to

t hose skill&d oM comprises A he Cagéfﬂé? QIWF%I‘%‘%? ?‘i‘%@ﬂg‘herei n nmay be
18. The antenna coupler of claim 15 wherein said externally

2 accessible ground point is an assembly screw which penetrates an internal
electromagnetic shield of said portable radiotelephone.

19. The antenna coupler of claim 15 wherein said externally
2 accessible ground point is a ground pad of a battery charging port.

20. The antenna coupler of claim 16 wherein said externally
2 accessible ground point is an assembly screw which penetrates an internal
electromagnetic shield of said portable radiotelephone.

21. The antenna coupler of claim 16 wherein said externally
2 accessible ground point is a ground pad of a battery charging port.

22, The antenna coupler of claim 17 wherein said externally
2 accessible ground point is an assembly screw which penetrates an internal
electromagnetic shield of said portable radiotelephone.

23. The antenna coupler of claim 17 wherein said externally
2 accessible ground point is a ground pad of a battery charging port.
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7 applied to other enbodinents without the use of the inventive faculty.
Thus, the present invention is not intended to be limted to the

enbodi ments shown herein but is to be accorded the w dest scope conS|stent
with the princiWP&EMd novel features disclosed herein. | PETAISRA0S441
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8 - - CLAI M5 1/4 1. An ant enna
coupler for coupling radio frequency signals froma 2 conmmunication device
having an antenna and at |east one externally accessi bl e ground point,
sai d*antenna coupl er conprising: 4 a ground pl ane; nmeans,
mounted on a top face of said ground plane, for coupling 6 rqﬂio signals to
and from said antenna; and at |east one ground pin upled to
said top face of said ground plane, 8 for rnally

accessi bl e ground point.

FIG. 1A
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2. The antenna coupler of claim 1 wherein said means for 2 coupling
conprises a plurality of upward facing curved bands of netal, at | east
one of said curved bands of nmetal being electrically isolated fromsaid 4
ground pl ane. 3. The antenna coupler of claim 1 wherein said
means for 2 cof@%AB*onprises a metal pin for physically confGRVSRESAL; 4
ant enna. 4, The antenna coupler of claim 1 wherein said neans
for- 2 coupling conprises a helical wire for @uyAroundi ng said antenna.

5. The antenna coupler of claim 2 wherein said externally 2 accessible
ground point is an assenbly screw whi ch penetrates an internal

el ectromagnetic shield of said portable radiotel ephone. 6. The
antenna coupler of claim 2 wherein said externally 2 accessible ground
poi-nt is a ground pad of a battery2@tbar gi ng port. 7. The
antenna coupler of claim 3 whereinjsaid externally 2 accessible ground
point is an assenbly screw which p netrate%dyglrnernal el ectromagneti c
shield of said portabl e radi otel ephtge. 8. The ant enna coupl er
of claim 3 wherein said externally acce bl e ground point is a ground
pad of a battery charging port. 204q

T T e 304
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9 9. The antenna coupler of claim 4 wherein said externally 2
accessi ble ground point is an assenbly screw whi ch penetrates an internal

el ectromagnetic shield of said portable radi ot el ephone. o041 The
antenna coupl SVO8TABMi m 4 wherein said externally 2 accesd Bl e grotnd’
point is a ground pad of a battery charging port. 11. An

ant enna coupl er for coupling radio frequency signals froma 2

communi cati on devi ce having an antenna and aB/#east one externally
accessi bl e ground point, said antenna having an el ectrically conductive 4
I nternal portion encased in an insulative material, said antenna coupl er

conprising: 6 a ground pl ane; a netal pin, nmounted on a
top face of said ground plane, for coupling 8 radio signals to and from
said antenna; and at | east one ground pin, coupled to said top
face of said ground plane, 10 for contacting said externally accessible
ground poi nt. 12. The antenna coupler of claim 11 wherein said
externally 2 accessible ground point is an assenbly screw which penetrates
an internal el ectromagnetic shield of sai ortabl e radi ot el ephone.
13. The antenna coupler of claim, wherein said externally 2 accessible
ground point is a ground pad_oqf aspa QLprhaLgLng1port.
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“14. A conmuni cation device adapter for coupling radio frequency 2 signals
froma communi cati on device having an antenna and at | east one

.external ly accessi ble ground point, said comruni cati on device adapter 4
conpri si ng: a base el enent having a ground pl ane; USY7,

neans, mount eWOMBP®op face of said ground plane, for couplihg RS di o
signals to and fromsaid antenna; 8 at | east one ground pin,
coupled to said top face of said ground plaqe for contacting said
external |y accessi bl e ground point; and 10 /4 a housi ng assenb é

encl osi ng said base el enent, said housing assenbly having a re ﬁtacle
on-a top face for receiving said conmuni cati on200 S i

si'gnal s and sai d at
accessi bl e ground point.
PCT/ US97/ 05441
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16. The antenna coupl er of claim 14 wherein said nmeans for 2 coupling

conprises a netal pin for physically contacting said antenna. 17.

The antenna coupl er of claim 14 wherein said neans for 2 coupling

conprises a helical wre for surrounding said antenna. ﬂ;“,f;;“ The
M jr ound -

ant enna coupl er -Mi m 15 wherein said externally 2 accessi
point is an asse crew Mimmm&m%ﬁé‘ﬁﬁ%" el ect gnetic
shield of s &&mmBmtrﬁiWR
P/
shield of SR ngigcg@m, D UNDER THE ERHOPET)

pad of o G R R b mmm wiren BoiatonNesistipl or SO ST
16 wher ej n H91Q 1824 V3R AP 188 gccessi | Ae‘ lp,}bﬂ&éymassqummé l?ﬁr«ﬁ%m

whi ch pepetrates an internal elJaJ"r nnn[i pflr said.-portab

radi ot el BPF” %yga I | el

sai d* ext ﬁa hfnmgcess%"ﬁe groun poi nt i{s a gmcnmdn.m%cg Aﬁ%%y%ggg%
char gi ng (mwmtwmll’ﬂhgme: 22+~ Tiaeril 209¢ @h¥@D¢oupl =f

external]y 2 accessible ground point is anjasse \ E‘ HN

an i nt er s priority@lagct r omagneti ¢ shiel d of s% i d p«mlmb 12 (GBYp ms:MW SD, sz,
23. The| ant eBB6 coupl er2 Apfil lmﬁaqamm?’meas@u ns MEW %A@B&é‘gggﬁ@%'
ground phoi nt is a ground pad of a battery qhargh p{f,mhfmmﬂmmmpam,(:ﬁ
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{54) Title: ANTENNA COUPLER FOR A PORTABLE RADICTELEPHONE
v

(57) Abstract

A novel and improved antenna coupler (100) useful in
an adapter for a portable radiotelephone (200). In a first
embadiment, a plurality of curved bands (204a-204c) of metal
are positioned on a ground plane (102), with at least one
of the plurality of curved bands of metal (204a-204c) being
electrically isolated from the ground plane (102) so as to
couple RF signals to and from the antenna (204) of a portable
telephone (200). At least one ground pin (206a, 206b, 206c)
is also mounted on the ground plane (102). When a portable
radiotelephone (200) is interfaced with the antenna coupler
(100), the at least one ground pin (206a, 206b, 206¢c) makes
electrical contact with assembly screws (202a, 202b) or an
external ground pad (208) of a battery charging port on the
portable radioielephone (200). In a second embodiment, a
coupling pin (404) makes direct contact with a component of
the RF chain of the portable radiotelephone (200). In a third
embodiment, a helical coupler (504) surrounds the antenna
(204) of the portable radiotelephone (200).




