1 METHOD AND APPARATUS FOR COUPLI NG SI GNALS Fi el d of the Mpmeﬁ?iqn>§;L .
The present invention is generally related to coupling devices, an re
~particularly to a nmethod and apparatus for coupling signals in an

el ectroni c device. Background of the Invention 10 Wrel ess comuni cation
devi ces such as cellul ar radiotel ephoneg transmt and receive gEdil¥?6R
frequency (RF) conmmunication signals froma fixed base station associ ated
wi th a comruni cation system such a cellul ar radiotel-ephone comuni cation
system PCS network, METHODLAND'APRARATDUSHORB COURLINGSIGNALSet wor k.
VWi | e conventional wireless comunication devices transnmt RF signals and
receive RF signals by-way of an integral antenna, it may be desirable to
transmt the RF communi cations si gnkield ektherlaventiont he devi ce, such as to
an external antenna, by way of a hard-wired connection. For exanple, a
cellular 20 _radiotel ephone may be physically coupled to a char cradl e

. i ng
instal l ed i P a vehi ciTBetRiepesh/invention j§ geperglly melated to, coupling,dewisas.ard hi gh

power transcei Vgjoralphriculay ¢ Bhetitdeand apparitas forocaupling’ sigeals in an
comuni cati on de}%es. hgve 1 ncorporated an external input/output (1/0 port
for transnittinf °5'EﬁTﬁﬁWP€ation 25 signals to the charging cradle or

ot her external device. Wen transmtting RF communi cation signals within a

printed circuit board of the w rﬁa@:ﬁﬁr&&%@ﬁhb&ﬁ'ﬁ&?“ ce such as froma

transceiver to the 1/ O
: 10

Wireless communication devices such as cellular radiotelephones

transmit and receive radio frequency (RF) communication signals from a
fixed base station associated with a communication system, such a
cellular radiotelephone communication system, PCS network, paging

15 network or other communication network. While conventional wireless

' communication devices transmit RF signals and receive RF signals by
way of an integral antenna, it may be desirable to transmit the RF
communications signals external to the device, such as to an external
antenna, by way of a hard-wired connection. For example, a cellular

20 radiotelephone may be physically coupled to a charging cradie installed
in a vehicle to provide coupling of RF signals to a separate high power
transceiver and an external antenna. '

Conventional wireless communication devices have incorporated

an extemal input/output (I/O) port for transmitting RF communication

25 signals to the charging cradle or other external device. When
transmitting RF communication signals within a printed circuit board of
the wireless communication device such as from a transceiver to the I/O
port, the printed circuit board must be properly designed to minimize
signal loss and interference from other signals and provide the proper

30 impedance matching. That is, the location of the transmission lines
within in the layers of the printed circuit board should be chosen
depending upon, among other factors, the number of layers of the printed
circuit board, the location of ground planes and components, the
selection of dielectric materials or housings. Although there are

35 numerous arrangements, one common arrangement for the transmission



port, the printed circuit board nust be properly designed to mnimze
dignal loss and interference fromother signals and provide the proper 30

i npedance matching. That is, the location of the transm ssion lines within
in the layers of the printed circuit board should be chosen dependi ng upon,
anong ot her factors, the nunber of l|layerg of the printed circuit board, the
| ocati on of ground planes and conponents, the selection of dielectric
materials or housings. Al though there are 35 numerous arrangements, one
conmon ar r angemesftcdromunicationsigmals sncludes azstnphnmaomstrmthnduhetegmme;
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10 between the wireless communication device and an external device by
way of the 1/O port.
In coupling RF communication signals to an external device by
way of the 1/O port, the RF communication signals must be transmitted
from the transmission line with minimal loss of signal. Prior art devices
15 have used conventional coaxial connectors exposed in the I/O port of the
telephone adapted to mate with a corresponding exposed coaxial
connector in the connector portion of an external device such as a
charglng cradle or a cable adapted to be coupled to an extemal device.
Coaxial cables have previously been required to reduce RF interference
20 at the receiver of the wireless communication device. However, such
coaxial cables at the I/O port often require additional space than a
conventional connector not having a coaxial cable. That is, the mating
portion of the connector in the I/O port or associated with the external
device is generally thicker. Also, such connectors can be generally more
25 costly and more susceptible to damage over time.

Accordingly, there is a need for a method and apparatus having a
reduced size for coupling radio frequency signals from a wireless
communication device to an external port. There is also a need for
durable, low cost apparatus for coupling radio frequency signals from a

30 wireless communication device to an external port.



fromthe transm ssion line with mnimal |oss of signal. Prior art devices
I5 have used conventional coaxial connectors exposed in the I/O port of

t he tel ephone adapted to mate with a correspondi ng exposed coaxi al

connector in the connector portion of an external device such as a charging
cradle or a cable adapted to be coupledsto an external device. Coaxi al
cabl es have previously been required to reduce RF interference 20 at the
-receiver of the wireless conmunication device. However, such coaxial cables

at the I/O port often require Briéf Deserptiomatthe Drawimgsonvent i onal _
connector not having a coaxial cable. That.is, the mating portion of the

connector in the 1/O port or associated with the external device is
general |y thicker. AFK3,1 isablackdiagram of cirauitry foeaevisgless commusicatianst | y
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a nmet hod and appara V . 'Ze_tor coupling radio frequency
signals frof a wirel EiG 2émawireless sammunieatiomdayice ipeorparatingthe There is
al so a need f or cigsiiiinP bEFIG.OW cost apparatus for coupling radio frequency
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CFIG 20s a wirghesanGe FEEELiaRd With ZWirEfess KoMmMhtatiBR deiice according to
10 the present invention;

FIG. 4 is an exploded view of the portion of the coupling apparatus
shown in partial cross-sectional view in FIG. 3; |

FIG. 5. is a elevational view of the portion of the coupling
apparatus associated with the wireless communication device coupled to

15 a printed circuit board; '

FIG. 6 is a plan view of the portion of the coupling apparatus
associated with the wireless communication device and printed circuit
board of FIG. 5;

FIG.7isa plan view of a first layer of the printed circuit board of

20 FIG.5;

FIG. 8 is a plan view of a second layer of the printed circuit board
of FIG. 5; | |

FIG. 9 is a plan view of a third layer of the printed circuit board of
FIG. 5;

25 FIG. 10 is a composite cross-sectional view of the three layers of
the printed circuit board shown in FIGs. 7, 8, and 9 taken at lines 10-10;

FIG. 11 is an exploded view of a second portion of the coupling
apparatus associated with an external device according to the present
invention; | | o

30 FIG. 12 is a perspective view of the second connector of the
coupling apparatus of FIG. 11 as assembled; and

FIG. 13 is an elevational view of the mating portion of the second
connector of FIG. 12



circuitry of FIG 1; FIG 3 is the wireless comunication device of FIG 2
I‘n the open position, showing a partial cross-sectional view of a portion
of a coupling apparatus associated with a wi reless conmuni cati.on device
according to 10 the present invention; FIG 4 is an exploded view of the
portion of the coupling apparatus shown gn partial cross-sectional viewin
FIG 3; FIG 5. is a elevational view of the portion of the coupling
apparatus associated with the wirel ess comrunication device coupled to 15
a printed circuit board; FI @esgription ofltiven Préfereds Embedimentson of the _
coupl i ng apparatus associated with the wireless comunication device and .
printed circuit board of FIG 5; FIG 7 is a plan view of a first |ayer of
the printed circuit bbhe presentinvention Fovides.a aovel methiogirand spparatus élrcond
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a perspective vicoaxid! dahtessaicihed/O poneoften redquitehadditional space and are
generally more costly and more susceptible to damage over time than a
10 conventional connector not having a coaxial cable. Coaxial connectors
integral to a mating portion of a connector have previously been required
to reduce RF interference at the receiver of the wireless communication
device. However, the method and apparatus of the present invention
provides a reduced size, less expensive and more reliable device for
15 coupling RF signals between a wireless communication device and an
external device. In particular, a first coaxial connector is removed from
the wireless communication device and a second coaxial connector is
selectively moved to a position inside the mating connector of an external
device. Components of the connectors are selectively grounded to
20 eliminate RF interference picked up by any transmission lines created
when eliminating the first coaxial connector in the wireless
communication device and moving the second coaxial connector into the
mating connector of the external device.
Tuming now to FIG. 1, a block diagram of a wireless
25 communication device such as a cellular radiotelephone incorporating
~ the present invention is shown. In the preferred embodiment, a frame
generator ASIC 101, such as a CMOS ASIC available from Motorola, Inc.
and a microprocessor 103, such as a 68HC11 microprocessor also
available from Motorola, Inc., combine to generate the necessary
30 communication protocol for operating in a cellular system.
- Microprocessor 103 uses memory 104 comprising RAM 105, EEPROM
107, and ROM 109, preferably consolidated in one package 111, to
execute the steps necessary to generate the protocol and to perform
other functions for the wireless communication device, such as writing to
35 adisplay 113, accepting information from a keypad 115, accepting




coupling apparatus of FIG 11 as assenbled; and FIG 13 is an el evational
View of the mating portion of the second connector of FIG 12. 4
Description of the Preferred Enbodi nents The present invention provides a
novel method and apparatus for coupling radio frequency signals froma

W rel ess comuni cation device 5 to an external device by way of an I/0O
port. While prior art devices have used conventional coaxial connectors
exposed in the I1/0O port of the tel ephone and in the connector portion of an
ext ernal devi ceinputfobtpttdforrhatio byway of Acohhectorti 6oddoandingdaithe

dammge over ¢ nreh MyerBBRe bR rreaTanel SRl S 1S grhe g,
cabl e. Coaxial stepsawcessaiyrtoemplifytasignabaceayding toitbe ethadafthect or have
W rel ess. onmunPLan iifertiBn; AYELAGT ordlsice S ingtdiivec b alla ° "
present i nventi sicyitnyii@deon a microphoaeAd7 and to é%ge(/ggéﬂd nore reliable
device for 15 coupl AngamdceheifitbSeditis MR TadioMreUETSy SigRAMD 1AgdrRculdeVi ce
and an external device, | rticy a first coaxi connector is renoved
from the wirel e@dransmmiiar 3353@?8&8{%??@%0%9{&39 aéﬁ%'l‘)'?ﬁl@éé&ﬁ"éﬂ CRithect or is
sel ectively novédquencied psoduced by al feequercynsynthgsizent2s.t inforhation ext er nal
device. Conponeplosidla by ths LBRMOMESIGH Bebice™ hhtshnk P ERMEE rbeoiver
: 10 127 which demodulates the symbols using the carrier frequencies from
frequency synthesizer 125. The communication device may optionally
include a message receiver and storage device 130 including digital
signal processing means. The message receiver and storage device
could be, for example, a digital answering machine or a paging receiver.
15 Turning now to FIG. 2, a perspective view shows a foldable
electronic device 200 such as a portable cellular radiotelephone having
two hinged portions in the closed positibn. In particular, a lower housing
202.is coupled to an upper housing 204 having an outer housing cover
206 and a detachable battery 208. Lower housing 202 includes hinge
20 elements 210 and 212 which intercouple with hinge elements 214:and
216 of upper housing 204. A cylinder 218 for routing conductors
between lower housing 202 and upper housing 204 is positioned within
upper housing 204 between hinge elements 214 and 216. Lower
housing 202 preferably includes a first connector 116 for transmitting or
25 receiving signals from an external device and antenna 129 for
transmitting or receiving radio frequency (RF) signals. An example of a
connector which could be employed according to the present invention
includes the Model 3260-15S-3 connector available from Hirose USA,
Ltd. having offices at 2688 Westhills Ct., Simi Valley, CA 93065.
30 Turning now to FIG. 3, the wireless communication device of FIG. 2
in the open position shows a cross-sectional view of a portion of the
coupling apparatus according to the present invention. When in the
open position, a speaker 222, a display 224, and a keypad 226 are
exposed. As shown in the exploded partial cross-sectional view of FIG.
35 4, first connector 116 comprises an outer shroud 230 which covers a




20 *elimnate RF interference picked up by any transm ssion |lines created
when elimnating the first coaxial connector in the wireless conmunication
‘devi ce and noving the second coaxi al connector into the mating connector of
t he external device. Turning nowto FIG 1, a block diagramof a wreless
25 comuni cation device such as a cellugar radi otel ephone incorporating
the present invention is shown. In the preferred enbodi nent, a frane
generator ASIC 101, such as a CMOS ASIC available from Mtorola, Inc. and a
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circuitry 119 froifi8n Das GEMSGct BémBRE 258 dkisitidkdhg fitde support 234 into
10 base portion 236. An elbow portion 243 extends downward to a foot 244.
As will be shown in more detail in reference to FIG. 6, the foot portions of
the contacts are coupled to a printed circuit board 300.
Turning now to FIG. 5, an elevational view of first connector 116
coupled to a printed circuit board 300 is shown. As can be seen in the
15 elevational view, outer shroud 230 encompasses contact elements 238
including ground contacts 239 and 241 positioned on either side of RF
contact 240. Guide support 234 and contact elements 238 extend
outward from a base portion 236 within gap 245 formed by outer shroud
230. The exposed contact elements 238 form a male portion which is
20 adaptedto mate with an associated female connector. First connector
116 further includes guide elements 246 to help guide a second
connector shown in more detail in FIG. 12 which is adapted to mate with
first connector 116, and attachment members 248 for soldering and
grounding outer shroud 230.
25 Turning now to FIG. 6, a top plan view of first connector 116 and
printed circuit board 300 is shown. An upper planar surface or first layer
301 includes a ground plane 302 and a plurality of contact pads. Feet
244 of ground contacts 239 and 241 are coupled to contact pads 304
and 306, which in turn are coupled to ground plane 302. Foot 244 of RF
30 contact 240 is coupled to a contact pad 308 which couples a signal to
another layer of the printed circuit board by way of a via or through hole
309. Outer shroud 230 further includes apertures 250 adapted to receive
coupling members to attach a second connector to first connector 116.
Finally, the sides 254 of outer shroud 230 can be soldered to ground
35 plane 302 to provide an adequate ground for the outer shroud. The



A transcei ver processes the radio frequency signals. In particular, a
transmtter 123 transmts through an antenna 129 using carrier frequencies
produced by a frequency synthesizer 125. Information received by the
conmuni cation device's antenna 129 enters receiver 10 127 which

denodul ates the symbols using the carrier frequencies fromfrequency

synt hesi zer 125. The conmmuni cati on device may optionally include a nessage
recei ver and storage device 130 including digital signal processing neans.
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wirel ess commnthmdigﬁal d@t@lm@scgnd:tl'@ RF lines. In partlcular the digital data lines
and the RF transmission lines are separated to avoid energy from the
transmission of RF communication signals corrupting data on the data
15 lines or digital harmonics of the data lines being received by the receiver
through a transmission line coupled to contact pad 308. The data
communication by way of digital data contacts 322 can be accomplished
as disclosed in US Patent 4,369,516 to John P. Byms entitled Self-
Clocking Data Transmission System.
20 Also shown are guides 330 for receiving and aligning first
connector 116 and through holes 332 for receiving attachment members
248 of outer shroud 230. The through holes and attachment members
enable adequate coupling and grounding of the outer shroud to ground
plane 302. As shown in FIG. 8, a second layer 340 of printed circuit
25 board 300 is shown. An RF transmission line 344 provides a conductive
path and is coupled to a portion 346 of through hole 309 which transmits
RF communication signals to and receives RF communication signals
from contact pad 308. Finally, a third layer 350 as shown in FIG. 9
provides a ground plane. In particular, a ground plane 352 provides the
30 lower ground for the strip line construction of the transmission line which
will be described in more detail in FIG. 10. In addition, contacts 354, 356,
358, and 360 are shown. These contacts could be used, for example, as
battery contacts.
Turning now to FIG. 10, a composite cross-sectional _i/iew of the
35 three layers of the printed circuit board shown in FIGs. 7, 8, and 9 taken



In the open position shows a cross-sectional view of a portion of the
coupling apparatus according to the present invention. Wen in the open
position, a speaker 222, a display 224, and a keypad 226 are exposed. As
shown in the expl oded partial cross-sectional viewof FIG 35 4, first
connector 116 conprises an outer shroud g30 which covers a 6 cont act
housi ng 232 having a gui-de support 234 and base portion 236. Because no
~coaxi al connector is used within connector 116 and three conventi onal
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side of RF 10 board t an those shown. Although only three layers are shown,
additional layers could be employed as necessary to implememt the
functions of the wireless communication device. Also, contact elements
of the first connector could be directly coupled to one or more other
layers of the board other than the first layer within the scope of the
15 present invention.

Turning now to FIG. 11, an exploded view of a second connector
400 adapted to mate with first connector 116 is shown. In particular,
second connector 400 comprises a main body portion 402 and a contact

_ portion 404. Coupling member_s 405 positioned along the outer edges of

20 contact portion 404 are adapted to engage apertures 250 of first
connector 116 as shown in FIG. 6. Contact elements 406 including first
ground contact (not visible) and second ground contact 410 provide
electrical signals or a ground path through contact portion 404 to distal
end portions 449 as shown in FIG. 13. Ground contact 410 and a second

25 ground contact (not visible) corresponding to ground contacts 239 and
241 of first connector 116 are coupled to the outer conductor 411 of a
coaxial connector 412. RF Contact 408 corresponding to the RF line is
coupled to the center conductor of the coaxial connector. A coaxial cable
414 and wires 416 are routed from second connector 400 by way of a

30 cable 418 enclosing coaxial cable 414 and wires 416. _

Main body portion 402 and contact portion 404 is surrounded by a
shielding 420 to minimize RF interference received from other devices or
leakage of RF signals from the connector. Outer conductor 411 of the
coaxial connector is coupled to shield 420 by solder contact 422, By

35 positioning the coaxial connector within connector 400, RF contact



contact 240. CGuide support 234 and contact elenents 238 extend outward from
a base portion 236 within gap 245 formed by outer shroud 230. The exposed
contact elements 238 forma male portion which is 20 adapted to nate with
an associ ated fenmal e connector. First connector 116 further includes guide

el ements 246 to hel p guide a second conmgector shown in nore detail in FIG
12 which is adapted to mate with first connector 116, and attachnent
menbers 248 for sol dering and groundi ng outer shroud 230. 25 Turni ng

nowto FIG 6, eletmentd08ns\exposed andrmay tramsetit BF ihtctfexance signatsitocthecui t
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connector 116 and connector 400 are mated. :

As shown in FIG. 12, the fully assembled connector includes an
aperture 438 to allow coaxial cable 414 and wires 416 to extend from the
end of the connector. Outer shroud 430 is electrically coupled to shield

15 420 to completely shield the connector. This coupling creates a common
ground between ground plane 302 and connector 116 of the wireless
communication device and connector 400 including coaxial connector
412 and the ground contacts of connector 400 which are connected to
the outer shield of coaxial connector 412. A separate, non-conductive

20  cover (not shown) can be inserted over the main body portion of the
connector and the rear opening to fully enclose coaxial cable 414 and
wires 416.

Turning now to FIG. 13, a front elevational view of connector 400
of FIG. 12 shows distal end portions 449 of contact elements 406. In

25 . particular, a ground contact 450, an RF contact 451 and a second ground
contact 452 are shown. Distal end portions 449 of contact elements 406
are adapted to mate with distal end portions 242 of contact elements 238
of first connector 116. In particular, guide support 234 and distal ends of
contact elements 238 of first connector 116 are adapted to be inserted

30 into an aperture 454, allowing distal end portions of contacts 450, 451,
and 452 to be operatively coupled to 241, 240, and 239 respectively.

‘ In summary, the present invention provides a novel method and
apparatus for coupling radio frequency signals from a wireless
communication device to an external device by way of an I/O port.

35 Coaxial connectors integral to a mating portion of a connector have



wi rel ess communi cation device. The preferred functions of the remaining
contact pads will be described in nore detail in FIG 7. 5 Tur ni ng
nowto FIG 7, a top plan view shows first layer 301 of printed circuit
board 300 without first connector 116. The additional contacts pads shown
preferably include battery test contact {10, self test contact 312,
unconnect ed contacts 314 and 316, audio input and output contacts 318,
battery ground contact 320, digital data contacts 322, 10 external battery
power contact 32greviouslybeérn gequiredid reduceRF Bﬂérfefﬁmeecamhaa:ecqwdsofamm
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connector 116 anpresienbinyentioh gsoddés oredueedisize)dess expdnsive andmherss 248 of
Coupt 17 ang. or oHAER By B 85 AporF A AN BB L2 © 2CeL0t
FIG 8, a se dcmyrwm@at@rbdewe andan extennal ice)bmedmm'n@ﬂ%md ™ RF
transm ssion |ing cdadialb cOMhERST éxﬁ@éﬁ&'ﬁltébﬁnﬁééth\%ﬂéwbé InQaHiedat, % first
portion 346 of throy hol e, 309 conmmuni cation signals to
mﬁﬂ;qme,cgqf |§,%|Hyp§ted rom the wireless communication deglce
and a second coaxial connector of an external device is selectively
moved to a position inside the external connectors. Components of the
15 mating connectors are selectively grounded to eliminate RF interference
picked up by any transmission lines created when eliminating or moving
the coaxial connectors. _
~ Although the invention has been described and illustrated in the
above description and drawings, it is understood that this description is
20 by way of example only and that numerous changes and modifications
can be made by those skilled in the art without departing from the true
spirit and scope of the invention. For example, any existing connector
could be modified according to the present invention to incorporate the
method and apparatus as disclosed and claimed. Although the present
25 invention finds particular application in portable cellular radiotelephones,
the invention could be applied to any wireless communication device,
including pagers, electronic organizers, or computers. Our invention
should be limited only by the following claims. |

and receives RF €

30 Weclaim:



fromcontact pad 308. Finally, a third | ayer 350 as shown in FIG 9
provi des a ground plane. In particular, a ground plane 352 provides the 30

| ower ground for the strip line construction of the transm-ssion |ine which
will be described in nore detail in FIG 10. In addit ntact s 354
356, 358, and 360 are shown. These cont ggts could be “w [Bi as
battery contacts. Turning nowto FIG 10, a conposite VI ew
of the 35 three layers of the printed circuit board shown in FIGs '7 8,
and 9 taken 8 at lines 10-10 show a sQOlaimd i ne construction for the _
transmssion line. In particular, ground plane 302 of first |layer 301 and
ground plane 352 of third | ayer 350 surrounding transnmssion line 334 to
forma strip line. The maforapparatusdforicoupling signals fram awvitRlessr s,

i el ect 11 s Aol hRinicatidPUslica!td aﬂéxt%?ﬂéﬁiteﬁi:et Lafd agbﬁra@uéeogyﬁgmgs S

i npedance to prov edance onnect of
wel | known i the arﬂmmtmq (ang)[ hayinga Rlurality gf EMQ’%HOFEP@H&/\N legst

m crostrip consprfifst Ib?ér REVhY efifs? gPsuriplapieashd & Grcdnt Jayer Hdvingaesent
i nvention. Also gnt act Bﬁﬁq g Gll t.i onlgd on first layer 301 could be :
coupl ed to ot hePORdy&lve RES3Y sigRalSy  han those shown. Although only
three | ayers are. shoarfirsecohriector(l 163 ceupletoiol shith eirenip boged farscouptingsary to
i npl emrent t he f t tact
ohenen! o 1L SRR 3RS S A ES TR RGP g b el
ot her 10  of conductive elements, wherein first and thlrd conductlve elements of

said plurality of conductive elements are electrically coupled to said first

ground plane of said first layer and wherein a second conductive

element of said plurality of conductive elements is electrically coupled to

said conductive path. of said second layer; and

15 a first shield (230) adapted to substantially cover said first
connector, said first shield being coupled to said first ground plane of
said first layer.

2. The apparatus for coupling signals of claim 1 further
20 including a second ground plane (352) wherein said first ground plane,
said conductive path of said second layer and said second ground plane
form a stripline transmission line. |

3. The apparatus for coupling signals of claim 2 wherein said
25  stripline transmission line (344) provides a 50 Ohm impedance at said
first connector.

4, The apparatus for coupling signals of claim 1 wherein said
coupling apparatus further comprises a second connector (400) adapted
30 to mate with said first connector.

5. The apparatus for coupling signals of claim 4 wherein said
second connector comprises a plurality of conductive elements (406)

adapted to mate with said plurality conductive elements of said first
35 connector. ‘



| ayeérs of the board other than the first layer wwthin the scope of the 15
present invention. Turning nowto FIG 11, an exploded view of a second

connector 400 adapted to mate with first connector%
particul ar, second connector 400 conprises a main porti

contact portion 404. Coupling nenbers 40{ positionggﬁl[ﬂﬂg ter edges
of 20 <contact portion 404 are adapted to engage a ’ mﬂ I rst

connector 116 as shown in FIG 6. Contact elenents 406°i ricl wdi
ground contact (not visible) and second ground contact 410 provide

e b £ 98! 5 Lo, 3" PO pRaRRyS tor SRS BG S RS W erbh e

g][ O]Elnd contact (setond emm’iee)onciurnmspompnsgstaasgcm\mghlelﬂq(@ﬁ)subfstardlauy241|
[ 411

Connector a1z, TS iRyt Sohdishva yameRBI 1) 0T FLS O ed i o

t he center cdhductor of the coaxial connector A coaxial cable 414 and
wires 416 are routed from ?ﬁé%a%mg%ﬁ@éuﬁl% n#18Yof &aim 6thé“réii’||fh'sf’f18

cont act por 1 on_ 808 s copdudivaciomprts U1 s Bhtialty ohicRPiichisr
interf ;a(r)trencgj: :(r:elcamhté rdblsagi #worﬂboommtwaﬂleaahmwd ts aRRfoutergeariductoronh t he
et o0 oo or AT Bhndes Ghid s ESLHiE8 o BAN SESSH e bt
wi t hi n connell or as@gongronductiva element (408) of said plurality of conductive
elements of said second connector is coupled to an inner conductor of a
coaxial connector.

I’St

‘8. A method of coupling signals from a wireless
15 communication device to an external device, said method comprising the
steps of: |
coupling first and third contact pads of a plurality of contact pads to
ground on a printed circuit board;
coupling a plurality of pins of a connector to said plurality of
20 contact pads for coupling signals from said plurality of contact pads to
said external device;
surrounding said plurality of pins with a shield; and
grounding said shield.

25 - 9. The method of coupling signal of claim 8 further including a
step of coupling a second contact pad, between said first and third
contact pads, to a transmission line for transmitting radio frequency
signals.

30 10. The method of'coupling signal of claim 8 further including a.
step of providing a connector having a plurality of conductive elements
coupled-to said plurality of contact pads for coupling signals from said
contact pads to said external device.

35



9 el'enent 408 is exposed and may transmt RF interference signals to the
feceiver of the wirel ess comunication device. Accordingly, connector 400
al so nmust be properly shielded fromRF interference. As shown in FIG 11,
shield cover 430 is adapted to fit over nmamin body portion 402 and 5
contact portion 404 to provide a shieldhgg of the connector in conduction
with shield 420. In particular, contact shield portion 432 and main shield
portion 434 of shield cover 430 substantially cover the upper surface of.

second connector 400. METHOD AND APRARATUS FOR GOUPISING SIGN20LS o
substantially encl ose second connector 400. - Groundi’ ng tabs 440 make 10 a
positive connection to outer shroud 230 of connector 116 when connector 116

and connector 400 are mated. As slibstrachofthg Diselosure ful |y assenbl ed

connector includes an aperture 438 to all ow coaxial cable 414 and wires 416

to extend fromthe end of the connector. Quter shroud 430.is electrically
coupl ed to shield 15A yniguednethad @?@PPngﬁtEF(ﬂo"t cRURIBEHEAdiQ freqNeY coupl i ng

'crealt es a comm@:gj{awﬁdgbatmesgbeumhmbm a@%cartéogptmaﬁtemerhlaﬁ of thte
W reless communicall evi cl udin | a nnect or
215 and the-or osteicedt way of an TS meet AT BY ol PrRRiculr, f onprft e FrRe
outer shield of adjscenhiconduciae elemirits (288)epaupies signats toaduntemal 20  cover

(not shoun) _can daGiceiiofehf i ffst ah RS Bldrila abicas praRet o and

t he rear opening ose coaxl al urni ng
now to FIG 183, eéecftﬂ@ﬁ%y @tmlacd it@ Bagroungd plane éaaa)een@wmelrbmemgonm shows

distal end porticeRgudtive efentétit'(240) R SIBBRIcaIY @Bupled to a conductive path
(344). The connector is substantially covered with a shield (230) coupléd
to the ground plane. A mating connector (400) also includes a shield
(430) which is commonly grounded. The mating connector preferably
15 includes an internally located coaxial connector (412) and cable (414) to

minimize loss of RF communication signals. Component of the
connectors (116, 400) are selectively grounded to eliminate RF
interference and establish a reliable RF ground reference to a pc board

“of the wireless communication device and the coaxial connector.

Figure 11 accompanies this abstract.



25 ‘particular, a ground contact 450, an RF contact 451 and a second ground
contact 452 are shown. Distal end portions 449 of contact elenents 406 are
adapted to mate with distal end portions 242 of contact el enents 238 of
first connector 116. In particular, guide support 234 and di stal ends of
contact elenments 238 of first connector 116 are adapted to be inserted 30

i nto an aperture 454, all@xing dlstalfgnﬂﬁbortlons of contacts 450, 451,

and 452 to be opgyat vel 241, 2404 angd, 239 rei@@ctlvely I n
summary, the present : : hod and apparatus for
coupling radio freq | ¢ss conmuni cation dev{ ge, to an

ext ernal device by : Il to a
mat i ng portion of 10 prevNously been required t¥ reduce
RF interference at , VWi | e

ﬁns connun%gqggon devi c¢.
prior art devicesgh +mal conneg¢tors exposed]|in the
| /O port of the t¢l : d ;
devi ce, such coaX|a o i g nal
space and are gen|ra ' ver
time than a Cﬁsven abl e. The net hod
and appar at us q reduced size, |ess
expensi ve and ppref€ ng RF signal s between 4
wireless 10 dr nall devi cel by el im natli ng the
need for (’725
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a, coaxi al connector exposed in a connecting device. In particular, a first
coaxi al connector is elimnated fromthe w rel ess communication device and
a second coaxi al connector of an external device is selectively noved to a
position inside the external connectors. Conponents of the 15 mating
connectors are selectively grounded to elimnate RF interference picked up
by any transnmission |ines created whene/f @i nating or noving the coaxial
connectors. Although the invention has been described and illustrated in

t he above description and drawings, it is understood that this description
Is 20 by way of exanple only and that nunerous changes and nodifications
can be made by those skilled in the art w {hout—daparting fromthe true
spirit and scope of the invention. For exﬁﬂ?QZEE?“~"V

could be nodified according to the presefIIpFrrorsag, i NCxporate the
met hod and apparatus as di scl osed and cI;§§$%?7JVTEBDgh R B\qsent 25

i nvention finds particular application ifagffortable cellular =

r adi ot el ephones, the invention could befapplied to any Wi rel ess

e
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comuni cati on device, including pagers,/8fectronic @ gani zers, afff

conputers. Qur invention shoul ggjpe_| i 'EEﬂ\only by @@ fol | oGzl 30
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5 ° a circuit board (300) having a plurality of layers conprising at
lI'east a first layer having a first ground plane and a second | ayer having a
conductive path for said signals; a first connector (116) coupled to said
circuit board for coupling said signals to said external device, said first
connector having a plurality 10 of condyctive elenents, wherein first and
third conductive el ements of said pluf & of conductive elenents are '
electrically coupled to said first ground plane of said first |ayer and
wherein a second conductive el ement of said plurality of conductive
elements is electrically coupled to said conductive path of said second

| ayer; and 15 a first shield (230) adapted to substantially cover
said first connector, said first shield bej coupled to said first ground
pl ane of said first |ayer. 2. The appar & for coupling signals of claim

1 further 20 including a second ground p¥ane (352) ?@grein said first
ground pl ane, said conductive patt A > ayer. and said second

4:. AL IO u,-*
ground plane forma striplige z {\q- y’ par atus for

Pae 9 “ 1_._1
coupling signals of claijn ¢§h-h_j,5/i 'ﬁs §%£nission l'i ne
r P R R r
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s alNIQpup! i ng appar at us
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/ A! N&gh f claim4 wherein
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adapted to mate with said plurality conductive elenments of said first 35
connect or . 6. The apparatus for coupling signals of claim5 wherein
sai d second connector further conprises a second shield (430) substantially
covering said plurality of conductive elenents. 5 7.  The apparatus for
coupling signals of claim6 wherein first, gand third conductive el ements
(410) of said plurality of conductive4éyg nts of said second connector are
coupled to an outer conductor of a coaxial connector which is coupled to
sai d second shield, and wherein 10 a second conductive el enment (408) of
said plurality of conductive elenents of said second connector is coupled
to an inner conductor of a coaxial connectqr, 8. A et hod of coupfling

signals froma wireless 15 co i cat Mo .=v'&e 306 an extsbzal fevi ce,
320usf8 ! 'r.‘amuit" ont act pads
| 47304 : :

said nethod conprising the ste

of a plurglity of contact pad 2 o d D D L AUSE—S L C | boar d:
coupling szl urgl ity ohpllds 8962 !o :ff%% 2477 f/)///?r%’ 20 10
contact paks fo upli Eﬂ}agg. (12 AT 6a$ 7 \Z|77; é%é;yﬁ padsAt o
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groundi ng said shield. 25 9. The nmethod of coupling signal of claim
8 further including a step of coupling a second contact pad, between said
first and third contact pads, to a transmission line for transmtting radio
frequency signals. 30 10. The nmet hod of coupling signal of claim?9
further including a step of providing a connector having a plurality of
conductive elenents coupled to said pIurMitgaéﬁ contact pads for coupling
signals fromsaid cont%%& pads to said exter evice. 35




