R oo o L u.\ . WNns -2,
W RELESSI QOVMUNI CATI ON DEVI CE HA‘gl‘ NG A RECONFI GURABLE MATCHI NG CIREUI T 5

Fi el d of "theéI'nvention The PP B&EAt~i'nvention rel ates generally to the field
of wirel ess’ '¢oHituni catFom; - éﬂ&aﬁ?ﬂrg"p&irt icularly to a wirel ess
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appl i cat i{gnsiaiit i s: 1@ed espdepadedy.-suift ed for use in a handhel °E0130

r adi ot el ephoneq-apdcpittt .. be..parti.cularly described in that connection.
Background of "the Tnveniron 1b Radi ot el ephones having a retractable
conmpound antenna are knovWIRELESSarCOMMUNICATIONNDEYICEat ent
Application No. 2, 03HAVANGIcAc REGCONFIGURABLE MATCHINGNGIRCUIT endi bl e
antenna that is capable of receiving signals in both the extended position
and retracted position. This application, however, does not address the
irrpedancesi nbal ance of the 20 an 3 bk | i& pecti ve extended and
retracted™positions, or a sol ution%@ﬁb—@ mat chi ng state between
the radi o transceiver and antenna. This patent application, as well as US
Patent No. 5,177,4 i ji LSITB
attached to the cagﬁﬁﬁgg?ﬂ@%rg%%{%?{eégﬁ{gw%ﬁ gfr@g m@gﬁanxenna to
hold it in ancesneypjeatien. angd mase pasiciarhota @i%@'e%®W%@%ﬁgmas
used in the nagRalyk e fvntion is subject to a wide range of applications, it is

10  especially suited for use in a handheld radiotelephone, and wilf be
particularly described in that connection.

Background of the Invention

15 Radiotelephones having a retractable compound antenna are known
in the art. Published Canadian Patent Application No. 2,036,677 describes
a radiotelephone having an extendible antenna that is capable of receiving
signals in both the extended position and retracted position. This
application, however, does not address the impedance imbalance of the

20 antenna in its respective extended and retracted positions, or a solution for
providing a matching state between the radio transceiver and antenna.

This patent application, as well as US Patent No. 5,177,492, also
describe rod antenna mounting mechanisms attached to the casing of the
radiotelephone, which grip the rod antenna to hold it in an extended or

25 retracted position. The compound antennas used in the mechanisms are
relatively rigid where a helix joins the rod, because the juncture of rod and
helix is also the point that is electrically coupled to the radio feed terminal
when the antenna is in the retracted position. Consequently, they have the
problem of being easily damaged at the juncture when the radiotelephone is

30 dropped.

Because retractable, compound antennas typically have a long
fiexible linear antenna element, this element needs to be guided into the
radiotelephone. It is known to use a well formed out of the casing to guide
the linear antenna element, such as described in US Patent No. 5,177,492,

35  This technique has the disadvantage of increasing the bulk and weight of
the radiotelephone. Another known technique is to attach a straw-like tube
to the casing. This technique has the disadvantage of requiring an
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relatively rigid where a helix joins the rod, because the juncture of rod
and helix is also the point that is electrically coupled to the radio feed
term nal when the antenna is in the retracted position. Consequently, they
have the problem of being easily danaged at the juncture when the

radi ot el ephone is 30 dropped. Because réractabl e, compound antennas
typically have a long flexible linear antenna el enent, this el enent needs
to be guided into the radiotel ephone. It is known to use a well forned out
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the straw§ i k@ddggeandassambleddqithe sisviy boped, speeiisdor thespupese £f hwiding
st eps associ atRs sthiv) to bin alftiadlylcréWdbd eirctikbohftk di sadvant age of requiring

additional fasteni Thete are 2 snct Ené\gn brgdiotelephcnes, as described in US Patent
No. 5,374,937, having an extendible antenna that uses a single matching
circuit and a first feed terminal to couple an inner circuit to the antenna in the
10  extended position, and then bypass the matching circuit in the retracted
position by coupling the inner circuit to the antenna in the retracted position
by way of a second feed terminal disposed a distance from the first feed
terminal. This technique has the disadvantage of requiring two-{eed
terminals. It further has the disadvantage that the antenna portion between
15  the two feed terminals radiates inside the housing, possibly interfering with
sensitive electrical components disposed inside the housing.
Radiotelephones having a retractable compound antenna and a
variable impedance matching circuit and single feed terminal are known in
the art. One example of such known radiotelephones described in US
20 Patent No. 5,335,368 and another is embodied in Model No. TZ-820B
provided by NEC. This latter radiotelephone has a variable impedance
matching circuit coupled with antenna, wherein the matching circuit consists
of two parallel circuit paths, each path having a unique reactance. These
circuit arrangements are shown in F1G. 1. The parallel circuit paths of a
25  matching circuit 10, having reactive components L4, L,, and C, are selected
in response to the position of an antenna 12 in order to match the
impedance of antenna 12 to the impedance of a coaxial connector 14. The
selection is made by a double-pole, double-throw switch 16 arranged so that
the switch is thrown by lower end of antenna 12 forcing mechanical contacts,
30 S, from a nomally open position to a closed position as antenna 12 is
moved from the extended position, shown in solid lines, to the retracted
position, shown in dotted lines. The antenna 12 is held in its respective
positions by a holding member 22 attached to a housing 24 of the
radiotelephone, and guided by a conductive tube 20. Holding member 22
35 further functions to electrically couple the switch to the antenna. In addition
to requiring a switch and a multipath matching circuit, a termination
impedance 18 coupled between ground and one end of antenna 12, and the



5 added and assenbled to the circuit board, specific for the purpose of
hol ding the straw, to an already crowded circuit board. There are al so
known radi ot el ephones, as described in US Patent No. 5,374,937, having an
extendi bl e antenna that uses a single matching circuit and a first feed
termnal to couple an inner circuit to thd antenna in the 10 extended
position, and then bypass the matching circuit in the retracted position by
coupling the inner circuit to the antenna in the retracted position by way
of a second fgredndmamplml calidyntive dube @05 eren necéssary tth providethé ematchingri nal .

This techniq tage of requiring two feed termnals. It
further has "El t |sa%&antp%%ﬂ}6?ﬂat the antenna portion between 15 the two
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10  and reception signal path. it further has the disadvantage of requmng an
additional termination impedance and conductive tube.

A need therefore exists for a handheld radiotelephone that provides a
matching state between the transceiver and retractable compound antenna
in both its positions, and does so with an elegant design that increases

15 reliability and manufacturability by reducing the number and complexity of
components and moving mechanical parts. A need also exists for a
handheld radiotelephone that is not easily damaged when dropped at the
point where the rod joins the helix.

20 ief Description of the Drawings

FIG. 1 is a general electrical schematic of a conventional matching
circuit arrangement.

FIG. 2 is a general electrical schematic of a first embodiment of a

25 radiotelephone configured according to the invention.

FIG. 3 is a right-side elevation view of a second embodiment of a
radiotelephone configured according to the invention, with a partial section
view showing certain internal components of the radiotelephone.

FIG. 4 is a front, bottom, and right-side perspective view of a circuit

30 board, terminals, and an antenna assembly of the radiotelephone shown in
FIG. 3.

FIG. 5 is a cross section view of the antenna and the bushing shown
in FIG. 4.

FIG. 6 is a fragmentary front elevation view of the circuit board, a feed

385 terminal, and portions of the antenna assembly shown in FIG. 4, when the
antenna is in an extended position.
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Detailed Description of the Preferred Embodiments

10 The wireless communication device described herein provide
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advantages over known handheld radiotelephones in that it provides a
matching state between the radio circuit and retractable compound antenna
in both the extended and retracted positions, and does so with a design that
reduces the complexity of the matching circuit and switch.

These advantages over the conventional radiotelephones are
principally provided by a single matching circuit, a single feed terminal, and
a switch that bypasses, or shorts out, the matching circuit.

In general terms, when the antenna is in its extended position, the
switch is open, and thus the matching circuit is coupled in series between
the antenna assembly and the radio circuit. In this configuration, the
matching circuit functions to match the high impedance of the antenna
assembly (approx. 400 to 600 ohms) to the impedance of the radio circuit
(approx. 50 ohms). Conversely, when the antenna is in the retracted
position, the switch is closed, and thus the matching circuit is either
bypassed and does not perform a matching function, or is bypassed and
reconnected in parallel with the antenna to assist in providing a matching
function.

As illustrated in FIG. 2, in one such embodiment configured according
to the present invention, a wireless communication device, e.g., a
radiotelephone 20, comprises a housing 22; a circuit board 24, an antenna
assembly 26, a radio circuit 28, a matching circuit 30, a switch 32, a ground
plane 34, a feed terminal 36, and a ground terminal 38 coupled with a
ground. Circuit board 24 is disposed inside housing 22, and radio circuit 28
matching circuit 30, switch 32, ground plane 34, feed terminal 36, and
ground terminal 38 can be disposed on circuit board 24.

¥



radi ot el ephones. For exanple, it requires additional conponents in the 5
matching circuit to provide the two connection states for matching; and it
requires a relatively bulky switch to make the connection states. These
addi tional conponents increase the size of the radiotel ephone, which can be
a handi cap as radi ot el ephones becone snal Per. Furthernore, the swtch

I ncreases the probability of a faulty connection in the sensitive

transm ssion 10 and reception signal path. It further has the di sadvant age
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first enmbodi n2ite anfexiedded pesitionel ephone configured according to the
' nvention. In the extended position the first antenna portion is located outside of
10  the housing and the second antenna portion is substantially located outside
of the housing. Further, a first coupling location 45 of the antenna, e.g., the
lower end of the second antenna portion, is electrically coupled, e.g., in
direct electrical contact, with feed terminal 36. In the retracted position, the
first antenna portion is located substantially outside of housing 22, and the
15  second antenna portion is located inside housing 22 and in close proximity
to ground plane 34. Further, feed terminal 36 is electrically coupled, e.g., in
direct electrical contact, with a second coupling location 47 of the antenna,
e.g., the lower end of the first antenna portion, and ground terminal 38 is
electrically coupled, e.g., in direct electrical contact, with first coupling
20 location 45.

Compound antenna 42 has many parameters representative of the
position of the compound antenna 42. For example, the physical location of
compound antenna 42 relative housing 22 or feed terminal 36, the electrical
impedance of compound antenna 42, or the strength of the electrical signal

25 that compound antenna 42 receives.

Radio circuit 28 can be, e.g., a duplexer, a transmitter, a receiver, a
modulator, a demodulator, or traces connecting the components of radio
circuit 28, or some combination of these components and traces.

Matching circuit 30 is coupled between feed terminal 36 and radio

30 circuit 28. Matching circuit 30 can be, e.g., a T-connected circuit with a
capacitor C in one arm, an inductor L in the other arm, and a ground-
terminated inductor L, in the leqg.

Switch 32 is electrically coupled between feed terminal 36 and radio
circuit 28 in a parallel configuration to matching circuit 30. Switch 32 is

35  operative to change state in response to a predetermined variation of the
antenna’s parameter, whereby switch 32 can redefine or rearrange
matching circuit 30 when switch 32 changes state. When switch 32 is in



FIG 3 is aright-side elevation view of a second enbodi nent of a

r adi ot el ephone configured according to the invention, with a parti al
section view showing certain internal conponents of the radi otel ephone.

FIG 4 is a front, bottom and right-side gerspective view of a circuit 30
board, termnals, and an antenna assenbly ®f the radi otel ephone shown in
FIG 3. FIG 5 is a cross section view of the antenna and the bushi ng shown
in FIG 4. FIG 6 is a fragnentary front el evation view of the circuit
board, a feed &le state,fadio cireuiti2® is directly cduplod witht fesdaeminahB6yingbaratieli n

fragnent ary. cri M fetthpoBred el ERCE, Wit ufon 92 S Wl dner i) ana
portions of thadimeisenit284s sauplpdsvtivieadtermipal 36 thraugh matching cineuit 80i n
o1 che b poay Afoul Ve g2 h b g AP0 o hipn S Shpdnd -
assenbl y sRhowCORPenents in Fiﬁdg, switch 32 can be a sug-component of matching circuit

30, or a sub-component of other components of radiotelephone 20.

Switch 32 can include, e.g., a single-pole, single-throw switch.

Switch 32 can also include a sensor 48, or the sensor can be external to
switch 32. Sensor 48 detects a predetermined variation of the antenna’s

10  parameter. Sensor 48 can be, e.g., the arm of the single-pole, single-throw
switch that is normally open when the antenna is extended, and that is
mechanically moved to the closed position by physical contact with the lower
end of the second antenna portion. Accordingly, the parameter is the

_ retractable antenna’s position relative to housing 22 or feed terminal 36, and

15  the predetermined variation is movement to a position that moves the switch
to the closed position. Alternatively, it can be, e.g., a proximity sensor that
measures the antenna location, a relative strength signal indicator that
measures the strength of the signal received by compound antenna 42, or
an impedance bridge that measures the impedance of compound antenna

20 42. Under each alternative, the sensor sends a control signal to switch 32,
and switch 32 can change state in response to the control signal.

Regarding the electrical characteristics of the antenna, the impedance
of the antenna in the extended position has a first impedance as viewed
from feed terminal 36. In the retracted position, the antenna has a second

25 impedance as viewed from feed terminal 36 that is the parallel combination
of the impedance of the first antenna portion and the second antenna
portion. Moreover, because the switch is closed in the retracted position, the
matching circuit is reconnected and coupled between feed terminal 36 and
ground, placing it in a parallel connection with the first antenna portion and

30 the second antenna portion. Consequently, matching circuit 30 can be
chosen not only to substantially match the first impedance of the antenna
when in the extended position to the impedance of radio circuit 28 (when
matching circuit 30 is in series with feed terminal 36 and radio circuit 28), but
also to assist in matching the second impedance of the antenna when in the

35 retracted position to the impedance of radio circuit 28. Furthermore, one of
ordinary skill in the art will appreciate that the switch can be in a closed state
when the antenna is in a first position, e.g., extended, and in an open state



4, when the antenna is in the extended or retracted position, respectively.
Det ai | ed Description of the Preferred Enbodi ments 10 The w rel ess
comuni cati on device described herein provide advantages over known
handhel d radi ot el ephones in that it provides a matching state between the
radio circuit and retractabl e compound anfenna in both the extended and
retracted positions, and does so with a design that reduces the conplexity
of the matching circuit and switch. 15 These advant ages over the
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providing a mat chigg {nGhieOR the compound antenna is chosen to have an electrical

10  length of a half wavelength, first impedance in the extended position can
have a range of about 400 ohms to about 600 ohms at operating
frequencies. If radio circuit 28 has an impedance of approximately 50 ohms,
or other value characteristic of radio circuit 28, matching circuit 30 can be

- selected that substantially matches the first impedance of the antenna to the

15  impedance of radio circuit 28.

Furthermore, if the first antenna portion is, e.g., helicoil 44 and a
small segment of rod 46 chosen to have an electrical length of a quarter
wavelength, first antenna portion will have a first impedance of about 50
ohms as viewed from feed terminal 36 in the retracted position. Further, if

20 the second antenna portion is, e.g., the remaining segment of rod 46 chosen
to have an electrical length of a quarter wavelength and is ground-
terminated via ground terminal 38 and placed in close proximity to ground
plane 34, the second antenna portion will appear as substantially an open
circuit having an impedance that is at least an order of magnitude greater

25 than the impedance of the first antenna portion. Consequently, the second
impedance of the antenna in the retracted position is substantially the
impedance of the first antenna pottion alone, i.e., about 50 ohms. This 50
ohm impedance of radio circuit 28 substantially matches the about 50 ochm
second impedance of the antenna.

30. Accordingly, the reconnected matching circuit 30 is chosen so that
does not contribute significantly to the matching, e.g., the impedance of the
reconnected matching circuit can have an impadance that is an order of
magnitude greater than the second impedance.

Those skilled in the art will recognize that various modifications and

35 variations, in addition to those already described, can be made in the
radiotelephone of the present invention and in construction of this
radiotelephone without departing from the scope or spirit of this invention.




As illustrated in FIG 2, in one such enbodi ment configured according to
the present invention, a wreless communication device, e.g., a 30

radi ot el ephone 20, conprises a housing 22; a circuit board 24, an antenna
assenbly 26, a radio circuit 28, a matching circuit 30, a switch 32, a
ground plane 34, a feed term nal 36, and ground termnal 38 coupled wth
a ground. Gircuit board 24 is disposed inside housing 22, and radio circuit
28, matching circuit 30, switch 32, ground plane 34, feed term nal 36, and
35 ground teAsrexampks, the demadcatiorsbetweencthedirst ariteana pdftion and tet enna

32 having a {1 FapnE artorte BoRfbr Cart BE gl prs fierd (iR GlE, ="
second ant enna9pNes with the gntenna indheretiagiedinasitios: Aceordinglythe firat i r st
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antenna 42 i s purienbhnr bs tadiatingusibirents!of differart shepesc dsb,RAReE | on as shown
'n FIG 2 to 3 fglitiRe dFSWitch8E and a matching circuit can be used that places the
matching circuit in a series configuration with the radio circuit and feed
terminal in one configuration, and places the matching circuit in parallel with
10 the antenna in another configuration. And, instead of the second antenna
portion being a quarter wavelength, ground terminated and adjacent a
ground plane, it can be of a different wavelength, terminated with an
impedance, or surrounded by a conductive tube that is grounded. Also, the
feed contact and bushing can be the same component, and the feed contact,
15  ground contact, or the switch can be, e.g., disposed on the housing or a
component inside the housing.

Reference will now be made in detail to a second embodiment of a
radiotelephone configured according to the present invention. Where
appropriate the same reference numerals are used to avoid unnecessary

20  duplication and description of similar elements already referred to and
described above.

“FIG. 3 is a right-side elevation view of radiotelephone 20 configured
according to the invention, with a partial section view showing certain
intemal components of the radiotelephone. This figure illustrates, among

25  other things, the physical relationship of antenna assembly 26 in the
extended position relative to housing 22 and to circuit board 24 disposed in
housing 22. In this embodiment, the antenna of antenna assembly 26
includes a linear radiating element 58 and helical radiating element 56
carried by an end of linear radiating element 58. In the extended position,

80 helical radiating element 56 is located completely outside of housing 22,
and linear radiating element 58 is located substantially outside of housing
22.

FIG. 4 is a perspective view of antenna assembly 26 in the retracted
position, and highlights the physical configuration of antenna assembly 26 in

85  relation to circuit board 24, feed terminal 36, ground terminal 38. Also
shown as optional components of antenna assembly 26 are a tube 52 and a
tube support 54 that is affixed to circuit board 24 and holds one end of tube



In the extended position the first antenna portion is | ocated outside of 10
t he housing and the second antenna portion is substantially |ocated outside
of the housing. Further, a first coupling |ocation 45 of the antenna, e.g.,
the | ower end of the second antenna portion, is electrically coupled, e.g.,
in direct electrical contact, with feed téninal 36. In the retracted
position, the first antenna portion is | ocated substantially outside of
housi ng 22, and the 15 second antenna portion is |ocated inside housing
22 and in cl o$e ipradfixed pgsstlon gﬂ'hemihptendaosmbd:se isbeld ih @cfikadcposition b6 i s
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10 Tube 52 can be composed of a nonconductive material, e.g., plastic,

and serves to guide the antenna from the extended position to the retracted
position, as the antenna moves through the interior of tube 52. Moreover,
tube 52 can be coated with a-conductive material or be composed entirely of
a conductive material and coupled with a ground. In this configuration, tube

15 52 can be used act upon the first portion of the antenna as viewed from feed
terminal 36 so that it appears as a relatively high impedance relative to the
to the impedance of the second antenna portion of the antenna.

FIG. 5 is a cross section of the antenna and the bushing shown in
FIG. 4, illustrating the details of compound antenna 42 for this embodiment.

20 Helical radiating element 56 can include helicoll 44. Linear radiating
element 58 can include rod 46. Alternatively, helical radiating element 56
and linear radiating element 58 can be a combination of coil and rod
antenna elements. Helicoil 44-is fastened to an end of rod 46 by a suitable
means, e.g., an upper ferrule 64 that is crimped onto rod 46 and soldered to

25 an end of helicoil 44 as in this embodiment. Other suitable equivalent
means may be used to fasten helicoil 44 to rod 46, e.g., spot welding or
soldering the coil to the rod; press fifting or inserting the end of the coil into a
well formed in the end of the rod or a hole formed in the side of the rod; or
using the non-conductive material surrounding helicoil 44 to rod 46.

30 Lower ferrule 70 is affixed near or at end of rod 46; and a collar 66 is
affixed near the other end of rod 46, at a location below helicoil 44. The
ferrule and the collar can be fixedly attached to the rod by crimping or some
other suitable means. This physical attachment also provides direct
electrical coupling of lower ferrule 70 and collar 66 to rod 46. Accordingly

35 lower ferrule 70 serves as a first coupling location on the antenna, and collar
66 serves as a first coupling location on the anterina. Further, in this
particular embodiment, the first antenna portion extends from collar 66 to



Matching circuit 30 is coupled between feed term nal 36 and radio 30
circuit 28. Matching circuit 30 can be, e.g., a T-connected circuit with a
capacitor Cin one arm an inductor L[err] in the other arm and a ground-
termnated inductor L2 in the leg. Switch %ﬁ is electrically coupled
between feed termnal 36 and radio circuit!®8 in a paral |l el configuration
to matching circuit 30. Switch 32 is 35 operative to change state in
response to a predetermned variation of the antenna's paraneter, whereby

swi tch 32 can includeihalicoll 44: and 4he senend antenna pertion extendsasfiormvgalian 662o
Girootly coupi G gt 22 ¥ ) 36 C n parall o with the recont Lgured
mat ching circuit. VHaf RamieWar siuctyrgl arrangemeant faclitates, the; application of ag i s
Soup o, 1 L, ' ASSmdmng lekona i b of Tt it 01011 11
awi toh 32 San TBeant Ghe eAAPRHE 1Bt (et PAGOBIl ower BTG 70 2nd ol Aonen
of ot her conpdfeméxample; sdparatingthesec@id couplinghlogatioryi.e. ncdllatd6, from, a
single-pole, sHaghEah 8@ honietlifly helicoll 44 and rod 46, i.e., upper ferrule 64, allows
the easy application of a coating 62 to helicoil 44, the segment of rod 46
between collar 66 and upper ferrule 64, a portion of collar 66, e.g., by an
10 injection molding process. Further, a sleeve 68 can also be applied to the
remaining portion of rod 46 by injection molding.
Although this particular embodiment shows collar 66 and lower
ferrule 70 in direct physical and electrical contact with rod 46, a non-
conductive material or a dielectric material could separate the ferrule and/or
15  collar from rod 46, and thus be capacitively coupled with rod 46 and form
part of the coupling location. Further, the reactance of this capacitive
coupling can be considered as a part of the antenna’s impedance as viewed
from the feed contact.
Furthermore, separating the second coupling location from the means
20 for connecting by a predetermined distance, e.g., the length of the bushing
40, also provides the advantage of removing added rigidity caused by
second coupling location being at the same point as the means for
connecting. This provides an advantage over known radiotelephones
employing a compound antenna that, when the antenna is retracted, the
25 means for connecting is allowed to flex, thus preventing mechanical damage
to the junction when, e.g., the radiotelephone is dropped and the floor strikes
helical radiating element 56 to apply a torque to the means for connecting.
FIG. 6 is a fragmentary front elevation view of circuit board 24, feed
terminal 36, and portions of antenna assembly 26 shown in FIG. 4, when the
30 antenna is in an extended position. This figure illustrates, among other
things, the feature of feed terminal 36 not only being electrically coupled with
the antenna at a first coupling location, but also holding the antenna in
extended position.
In particular, the first coupling location, e.g., lower ferrule 70, has a
35 first section with a first thickness and a second section with a second
thickness that is greater than the first thickness. In this particular
embodiment, the first thickness is a first diameter of cylindrically shaped tip



Swtch 32 can also include a sensor 48, or the sensor can be external to
switch 32. Sensor 48 detects a predeterm ned variation of the antenna's 10
parameter. Sensor 48 can be, e.g., the armof the single-pole, single-throw
switch that is normally open when the antenna is extended, and that is
mechani cally noved to the closed positionlby physical contact with the

| oner end of the second antenna portion. Accordingly, the paraneter is the
retractabl e antenna's position relative to housing 22 or feed term nal 36,
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posi ti on,10t heand the retracted position, the flexible members moving, due to irregularities
in the shape of the antenna, in a direction substantially perpendicular to the
movement of the antenna. Wings 74 apply an increasing force as they are
pushed outward away from the antenna, and are resilient and act to return to
their resting position. A lower end 76 of bushing 40, which can be
15  oylindrically shaped, has a diameter smaller than the second diameter, and
thus limits the motion of the antenna from the retracted position to the
extended position.
Further, in moving to the extended position, ring 72 passes through
wings 74 before the first section, the increase and then decrease in spring
20 force exerted by wings 74 as ring 72 passes wings 74 provides tactile or
detent feedback to the radiotelephone that the antenna is fully retracted.
After ring 72 passes wings 74, wings 74 move inward to contact tip 78.
Consequently, ring 72 is held between wings 74 and lower end 76 of the
bushing by the force exerted by wings 74.
25 (The item labeled as reference numeral 86 that appears in FIG. 6 is
explained in the discussion cotresponding to FIG. 8.)
One of ordinary skill in the art can appreciate that the means for
limiting the motion of the antenna to the retracted position can be
accomplished by other means, e.g., a second ring formed on the antenna,
30 and that the bushing is not necessary for wings 74 to hold the antenna. For
example, lower ferrule 70 can be formed with a concave ring encircling it,
and wings 74 resting in the concave ring can hold the antenna in the
extended position.
FIG. 7 is a fragmentary cross section view of circuit board 24, ground
35 terminal 38, and portions of antenna assembly 26 shown in FIG. 4, when the
antenna is in the retracted position. This figure illustrates, among other
things, the feature of ground terminal 38 not only being electrically coupled



matching circuit is reconnected and coupl ed between feed term nal 36 and
ground, placing it in a parallel connection with the first antenna portion
and 30 the second antenna portion. Consequently, matching circuit 30 can
be chosen not only to substantially match the first inpedance of the
antenna when in the extended position to tH® i npedance of radio circuit 28
(when matching circuit 30 is in series wwth feed termnal 36 and radio
circuit 28), but also to assist in matching the second i npedance of the
ant enna when i withithe 3inteniret abttHecsbaopdi éoupﬁngchoéétbm e disadsoldingrthgi o

that the v t oReaadh TeBEBd osPHL AR Dol WILSaN T cnna 1's in a first
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when reconne Cthg and figl member can move re lve%o nglé) memhberagg "Fiexible
member 80 can be, e.g., a leaf spring or a spring loaded device, and can
move in a direction substantially perpendicular the rigid member. When the
10  antenna moves from the extended position to the retracted position, lower
ferrule 70 moves into ground terminal 38, and lower ferrule 70 forces the
flexible member to move in a direction substantially perpendicular to the
movement of the antenna.
Lower ferrule 70 has a bulge formed thereon, e.g., ring 72, and, as the
15  antenna moves to the retracted position, the bulge slides across flexible
member 80, which translates to an increased spring force applied to the
antenna that the radiotelephone feel and can realize that is reaching the
fully retracted position. After the bulge clears flexible member 80, the force
on the antenna is reduced, thus informing the user that the fully retracted
20  position has been reached. Flexible member 80 continues to exett a force
against the coupling location in the fully retracted position, and thus holds
the first coupling location against rigid member 82.
Moreover, rigid member 82 has an uptumed end 88 that deflects the
end of tube 52 when tube 52 is inserted into ground terminal 38 during
25 assembly. Uptumed end 88 pressing against the inserted end of tube 52
holds this end in place. Thus, a separate fastening means is not required to
hold the end of the tube, saving circuit board space and easing assembly.
FIGs. 8 and 9 are fragmentary cross section views of the circuit board,
a feed terminal, and portions of the antenna assembly shown in FIGs. 3 and
30 4, when the antenna is in the extended or retracted position, respectively.
These figures illustrate, among other things, the feature of an integral feed
contact and switch, which can be used as switch 32 shown in FIG. 2.
Circuit board 24 has a pad 84 formed on it. Pad 84 is one part of the
switch. This pad can be electrically coupled with, e.g., matching circuit 30, or
35 more particutarly with L.
Feed terminal 36 is affixed to circuit board 24 and can include a
member whose movement is operatively responsive to the antenna’s



assist in matching the second i npedance of the antenna, are readily
under st ood by one of ordinary skill in the art. For exanple, if the
conpound antenna is chosen to have an electrical 10 length of a half

wavel ength, first inpedance in the extended position can have a range of
about 400 ohms to about 600 ohns at operaflBng frequencies. If radio circuit
28 has an i npedance of approximately 50 ohns, or other value characteristic
of radio circuit 28, matching circuit 30 can be selected that substantially
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10 ~ disposed below wings 74, so that when the antenna is in the retracted
position, the switch is normally open. Other configuration are possible. For
example, if the electrical contact were located at the opposite end of the
circuit board, where ground terminatl 38 is located in the illustrated
embodiment, the switch would be closed in the retracted position.

15 Because flexible arm 86 is disposed in the pathway of the antenna,
linear radiating element 58 contacts flexible arm 86 during its movement
from the retraced position and forces flexible arm 86 to contact pad 84. FIG.
9 illustrates flexible arm 86 contacting pad 84 to make direct electrical
contact. Consequently, when the antenna is in one of its two physical

20  positions flexible arm 86 is not electrically coupled with pad 84 to thus place
the switch in an open position; and when the antenna is in the other of the
antenna’s two physical positions flexible arm 86 is efectrically coupled with
pad 84 to thus place the switch in a closed position.

Furthermore, flexible arm 86 and collar 66 are arranged so that they

25  are in direct physical and electrical contact when the antenna is in the
retracted position. Accordingly, feed terminal 36 is electrically coupled with
the second coupling location.

In summary, a wireless communication device has been described
that provides a matching state between a radio circuit and an antenna in

30  both its retracted and extended positions, and does so with an elegant
design that increases reliability and manufacturability by reducing the
number and complexity of components and moving mechanical parts. The
wireless communication device is also resistant to damage when dropped.
A matching circuit, which is reconfigured according to a switch that is

35 responsive to the antenna’s position, provides the matching states.
Furthermore, the swiich can be integrally formed as part of a feed terminal,

What is claimed is:



i npedance of the first antenna portion alone, i.e., about 50 ohns. This 50
ohm i npedance of radio circuit 28 substantially matches the about 50 ohm

second i npedanceé of The antenna—30 Accordi ngly, the reconnected
mat ching circuit ' o that does not contribute significantly to
t he mat chi ng, eHimwﬁﬂmﬂgaﬂjﬁm of the déconnected matching circuit can
have an i npedances Ll S pallg r of magnitude greater than the second
i npedance. Those skilled in the art will recognize that various

modi fications and 35 variations, in ad@lain® to those al ready descri bed,
can be made in the radi otel ephone of the present invention and in
construction of this radiotel ephone w thout departing fromthe scope or
spirit of this invdntAd¥ireless gommunicatianedeviee somprisingat i on bet ween t he
first antenna portigpmpedigmhinal;second antenna portion can be defined by an

ot 1 0n. Bccor di ndyATERRS AL AR (56 ehaeaed Bosion BadeBRctRst 4o,
or all of rodpésitioncretativeriv thé féed tdmiinalp electricallif coupledwitle the feed i r st
antenna porti qh3ndy 3haWith &'HraRRter representative of the position of the antenna;
a radio circult;
a matching circuit coupled between the feed terminal and the radio
10 circuit; and
a switch electrically coupled between the feed terminal and the radio
circuit in a paraliel configuration to the matching circuit, and operative to
change state in response to a predetermined variation of the parameter,
wherein the switch bypasses the matching circuit when the switch changes
15  state.

2. The wireless communication device of claim 1 wherein the
parameter representative of the position of the antenna is the antenna’s
position relative the feed terminal.

20
3. The wireless communication device of claim 2 wherein the switch
with an open state and a closed state, and the switch is in the open state
when the antenna is in the extended position.
25 4. The wireless communication device of claim 1 wherein the switch

is a single-pole, single-throw switch.

5. The wireless communication device of claim 1 wherein when the
switch is in one state the radio circuit is directly coupled with the feed
30 terminal, and when the switch is in another state the radio circuit is coupled
with the feed terminal through the matching circuit.

6. The wireless communication device of claim 1 wherein the
matching circuit is a T-connected circuit.
35



portion can be radiating el ements of different shapes. Also, other
configurations of switches and a matching circuit can be used that places

t he mat ching ci configuration with the radio circuit and
feed term nal IM“HQI'HW"MHMF and places the matching circuit in
parallel with 10 ¢fhetanterha* n anot her nfiguration. And, instead of the
second antenna portion being a quarter wavel ength, ground term nated and

adj acent a ground plane, it can be of a different wavel ength, term nated
wi th an inpedance, or'l'hwwrrema@@nhyualcaMtsIdemcemftalélmﬂlvﬂ‘ierefh tllfeounded

f eed
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el evation vi e%mt%éc%‘qgl'?{@ gﬁgﬁg%jﬁ%s@g) figured according to the invention,

with a partia on view ain internal conponents of the
radi ot el ephone. This figure illustrates, anong 25 other things, the

physi cal relationsgi rhefwiréless %nﬁﬁ&ﬁ@?ii&n 88vicB df'&faim 7 wherein the
10 antenna including a second coupling location, the feed terminal is coupled
with the second coupling location in the retracted position, the antenna with
a second impedance in a second position as viewed from the feed terminal
coupled with the second coupling location, and the matching circuit
substantially matches the second impedance to the impedance of the radio
15  circuit when the antenna is in the retracted position.

9. The wireless communication device of claim 8 wherein the second
coupling focation divides the antenna into a second antenna portion and a
first antenna pottion, each portion having an impedance as viewed from the
20 feed terminal coupled with the second coupling location, wherein
impedance of the second antenna portion is an order of magnitude greater
than the impedance of the first antenna portion.

10. The wireless communication device of claim 1 wherein when
25  matching circuit is a T-connected circuit having a first arm, a second arm,
and a leg, wherein the first arm is coupled with the switch and the second
arm is coupled with the feed terminal, and the leg is coupled with a ground.



ext ended position relative to housing 22 and to circuit board 24 di sposed
in housing 22. In this enbodi nent, the antenna of antenna assenbly 26
includes a linear radiating elenent 58 and helical radiating el enent 56
carried by an end of linear radiating elenent 58. In the extended position,
30 helical radiating elenent 56 is |ocatek® conpl etely outside of housing
22, and linear radiating elenent 58 is | ocated substantially outside of
housing 22. FIG 4 is a perspective view of antenna assenbly 26 in the
retracted position, and highlights the physical configuration of antenna
assenbly 26 in 35 re/WIRERLESS cCOMMUNICATION DEVICEcHAWMNG36, ground
terminal 38. Also shown @& RECONEIGURABLENMATCHINGECIRCGUFENDIY 26 are a
tube 52 and a tube support 54 that is affixed to circuit board 24 and hol ds
one end ofstube 9 52 in a fixed position. The other end of tube 52 is
held in a fixed position by ground termnal 38. As seen in the figure,
ground termnal 38 and feed term ggl! 3& grﬂe @.fiixed near one side of
circuit board 24, at opposite en 2 he retracted position,
ground term nal 38 nmakes direct physical
A wireless communication device (20) provides a matching state
10 between a radio circuit (28) and an antenna assembly (26) in both its

retracted and extended positions, and does so with an elegant design that

increases reliability and manufacturability by reducing the number and

complexity of components and moving mechanical parts. A matching circuit

(30), which is reconfigured according to a switch (32) that is responsive to

15  the antenna’s position, provides the matching states.

Figure 2 accompanies this abstract.



5 . and electrical contact with the first portion of the second portion of
the antenna, and feed term nal 36 nmakes direct physical and electrical
contact with the second portion of the second portion of the antenna. Al so,
bushi ng 40, which is affixed to housing 22 in this enbodinment, is shown

di sposed adj acent feed termnal 36. 10 Tube 52 can be conposed of a
nonconductive material, e.g., plastic,_ a glserves to guide the antenna from
t he extended position to the retractedlpg Ition, as the antenna noves
through the interior of tube 52. Mreover, tube 52 can be coated with
a-conductive material or be conposed entirely of a conductive material and
coupled with a ground. In this configuration, tube 15 52 can be used act
upon the first portion of the antenna as viewed fromfeed termnal 36 so
that it appears as a relatively high inpedance relative to the to the

i npedance of the second antenna portion of the anteggna. FIG 5 is a cross
section of the antenna and the bushing shown in Fi 4, illustrating the
details of conmpound antenna 42 for this enbodi nment.} 20 Hel i cal radiating
el ement 56 can .include helicoil 44. Linear radiating elgnent 58 can include
rod 46. Alternatively, helical radiating el ement 56 | i near radiating

el ement 58 can be a conbination of coil and rod antienna el enents. Heli.coi
44- is fastened to an end of rod 46 by a suitable ans, e.g., an upper
ferrule 64 that is crinped onto rod 46 and sol dered to
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25 an end of helicoil 44 as in this enbodinment. Qher suitable equival ent
nmeans nmay be used to fasten helicoil 44 to rod 46, e.g., spot welding or
soldering the coil to the rod; press fitting or inserting the end of the
coil into a well forned in the end of the rod or a hole fornmed in the side
of the rod; or using the non-conductive naterial surroundi ng helicoil 44 to
rod 46. 30 Lower ferrule 70 is xed near or at end of rod 46; and
a collar 66 is affixed near the other KH rod 46, at a | ocation bel ow
helicoil 44. The ferrule and the collar can be fixedly attached to the rod
by crinping or sone other suitable nmeans. This physical attachnent al so
provides direct electrical coupling of lower ferrule 70 and collar 66 to
rod 46. Accordingly 35 lower ferrule 70 serves as a first coupling

| ocation on the antenna, and collar 66 serves as a first coupling | ocation
on the antenna. Further, in this pq;tlcular enbodi nept, the figsfdant enna
portion extends fromcollar 66 to£= 10 include hel of ™24, d*The second
antenna portion extends fromcollar 66 to the end of rod»®p. ThigZl
particular structural arrangenent facilitates the applic&?ioJng a
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e e

non- conductive material to the netallic parts of the antenna that are not 5

nmeant to be exposed, i.e., at |least a portion of lower ferrule 70 and
collar 66. For exanple, separating the second coupling location, i.e.,
collar 66, fromthe neans for connecting helicoil 44 and rod 46, i.e.,

upper ferrule 64, allows the easy application of a coating 62 to helicoi

44, the segnent of rod 46 between collar, 66 _and upper ferrule 64, a portion
of collar 66, e.g., by an 10 injectionahélﬁing process. Further, a sleeve
68 can al so be applied to the remaining portion of rod 46 by injection
mol di ng. Al though this particular enbodi mrent shows collar 66 and | ower
ferrule 70 in direct physical and electrical contact wwth rod 46, a non-
conductive material or a dielectric material could separate the ferrule
and/ or - 15 collar ‘fromrod 46, and thus be capacitively coupled with rod
46 and-form part of the coupling location.- Further, the reactance of this
capacitive coupling can be considered as a part of the antenna's inpedance
as viewed fromthe feed contact. Furthernore, gmparating the second
coupling location fromthe means 20 for conng ng by a predeterm ned

di stance, e.g., the length of the bushing 40, 4 ovi des t he advant age
of renoving added rigidity caused by second cdqupfing |ocation being at the
sanme point as the neans for connecting. This gvi des an advant age over
known radi ot el ephones
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enpl oyi ng a conmpound antenna that, when the antenna is retracted, the 25
means for connecting is allowed to flex, thus preventing mechani cal damage
to the junction when, e.g., the radi otel ephone is dropped and the fl oor
strikes helical radiating element 56 to apply a torque to the means for
connecting. FIG 6 is a fragnentary front elevation view of circuit board
24, feed termnal 36, and portions of apt gna assenbly 26 shown in FIG 4,
when the 30 antenna is in an extended goSition. This figure illustrates,
anong ot her things, the feature of feed term nal 36 not only being
electrically coupled with the antenna at a first coupling | ocation, but

al so holding the antenna in extended position. In particular, the first
coupling location, e.g., lower ferrule 70, has a 35 first section with a
first thickness and a second section with a second thickness that is
greater than the first thickness. In this particular enbodinment, the first
thickness is a first dianmeter of cylindrically shaped tip 78 of | ower
ferrule 70, and the second thickness is a second dianeter of a ring 72
formed on, or out of, lower ferrule 70. (See also FIG 5.) Although ring 72
encircles lower ferrule 70, the first section can be a bulge that only

FIG. 4

T



extends partly around |lower ferrule 70 or extends conpletely around as 5
does ring 72. Feed terminal 36 including at |east one flexible nenber,

e.g., two opposing flexible nmenbers such as wings 74 that act as | eaf
springs. The at |east one flexible nmenber can also be a spring | oaded
device. The antenna is noveabl e past the flexible nenbers to and fromthe
extended position 10 and the retracted_position, the flexible nmenbers
noving, due to irregularities in the shagégbf the antenna, in a direction
substantially perpendicular to the novenent  of the antenna. Wngs 74 apply
an increasing force as they are pushed @ ipard y fromthe antenna, and
are resilient and act to return to theiff “rgs ﬁgpgosition. A | ower end 76
of bushing 40, which can be 15 cylindrte. gwaped, has a di aneter
smal | er than the second dianeter, and tffiu imtg,the notion of the antenna
fromthe retracted position to the extg ‘pgsiTion. Further, in noving to
the extended position, ring 72 passes igh™ Wi ngs 74 before the first
section, the increase and then decreasg spring 20 force exerted by

Wi ngs 74 as ring 72 passes W ngs 74 pr s Lgcéil e or detent feedback to
t he radi ot el ephone that the antenna is Iy retracted. After ring 72
passes wings 74, wings 74 nove inward nt actb.‘t.i p 78. Consequently, ring
72 is held between wi ngs 74 and | ower 2 he
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bushing by the force exerted by wings 74. 25 (The item | abel ed as
reference numeral 86 that appears in FIG 6 is explained in the discussion
corresponding to FIG 8.) One of ordinary skill in the art can appreciate
that the neans for limting the notion of the antenna to the retracted
position can be acconplished by other neans, e.g., a second ring formed on
t he antenna, 30 and that the bushing %s POt necessary for wngs 74 to
hol d the antenna. For exanple, |ower fe YuPe 70 can be formed with a
concave ring encircling it, and wings 74 resting in the concave ring can
hold the antenna in the extended position. FIG 7 is a fragnmentary cross
section view of circuit board 24, grouyn 5 termnal 38, and portions of
antenna assenbly 26 shown in FIG 4, he antenna is in the retracted

position. This figure illustrates, a of her things, the feature of
ground term nal 38 not only being ele icplly coupled 12 with the
antenna at the second coupling |ocatign, but also holding the antenna in
retracted position and hol ding tube 52 6ff
e
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G ound termnal 38 includes a rigid nenber
These two nenbers can be integrally forned
or be two individual elenments constituting

82 can be affixed to circuit board 24, as well

rigid nmenber 82 can nove relative to rigid
can be, e.g., a leaf spring or a sprin
direction substantially perpendicul ar

ferrule 70 noves into ground term nal

Tt

antenna noves fromthe extended position to the retracted position,
38, and lower ferrule 70 forces the

a flexible nmenber 80.
single 5 sheet of netal
termnal 38. rigid nenber
rigid nmenber 82, and

82. Fl exi ble nmenber 80
and can nove in a
When the 10

82 and
froma
ground
as
menber
ded devi ce,

i gid nenber.
| ower

flexi ble menber to nove in a direction substantially perpendicular to the

nmovenment of the antenna. Lower ferrule 70 has a

ring 72, and, as the 15 antenna noves_tgQ the pftracted position,
rshates to an increased spring

slides across flexible nmenber 80, whicH. t
force applied to the antenna that the fad

gge forned thereon, e.g.,
t he bul ge

N

4

N
N

O Mone feel and can realize
]

NN

that is reaching the fully retracted pfsi 4’\ {&r the bulge clears
flexible menber 80, the force on the aite g§’§; gddced, thus i nform ng the
user that the fully retracted 20 posst!~;’ﬂ§. } eached. Flexible
menber 80 continues to exert a force agai b’,\ { ng location in the
fully retracted position, and_thus hol f§is g§’§ i 1hal|ng | ocation
agai nst rigid menber 82. . - 5 és E
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Mor eover, rigid nmenber 82 has an upturned end 88 that deflects the end of

t ube 52 when tube 52 is inserted into ground termninal 38 during 25
assenbly. Upturned end 88 pressing against the inserted end of tube 52
holds this end in place. Thus, a separate fastening neans is not required
to hold the end of the tube, saving circuit board space and easing
assenbly. FIGs. 8 and 9 are fragnentary_ cross section views of the circuit
board, a feed term nal, and portions of8 Yh® antenna assenbly shown in FIGs.
3 and 30 4, when the antenna is in the extended or retracted position,
respectively. These figures illustrate, anong other things, the feature of
an integral feed contact and sw tch, mhici can be used as switch 32 shown
in FIG 2. Circuit board 24 has a pad 84 RNofxed on it. Pad 84 is one part
of the switch. This pad can be el ectrical Npupled with, e.g., matching
circuit 30, or 35 nore particularly wt Feed termnal 36 is affixed
to circuit board 24 and can include a ne ose novenent is operatively
responsive to the antenna's 13 physic itions, e.g., a flexible arm
86 which acts as a |eaf spring.
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Fl exi ble arm 86 and wings 74 can be fornmed froma single sheet of netal
usi ng wel | -known stanping techniques. Flexible arm86 is disposed relative
to pad 84 and forns another part of the switch. Flexible arm 86, or feed 5
term nal 36, can be electrically coupled mﬁth e.g., matching circuit 30,

or nore particularly with C. Flexible a%n} inits resting position
projects into the path of the antenna i t's novenent to and fromthe

extended and retracted positions. Ac Ngly, in this enbodi nent, the
switch is normally open. Further, .it[FRl di sposed bel ow wi ngs 74, so
t hat when the antenna is in the retr, pogNtion, the swtch is normally
open. O her configuration are possi byeq] NcoN e le, if the electrical
contact were |ocated at the opposite he\B rcuit board, where ground
termnal 38 is located in the illust e i t, the swtch would be
closed in the retracted position. 15 e flexible arm86 is
di sposed in the pathway of the ante \naar ting el enent 58
contacts flexible arm 86 durgng™i 'S 0 e retraced position and
forces flexible arm86 to contact p N ustrates flexible arm
86 contacting pad 84 to nmake direct e iRalN\¢ act. Consequently, when
the antenna is in .one of its tw phyg) 0 tions flexible arm86 is
not electrically coupled with pad 8 U\ P the switch in an open
position; and when the antenna is ir otNoeN oY A}he
B} _ 55 40
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aﬁﬁérina' s two physical positions flexible arm86 is electrically %’ﬁgﬁf’ed
with pad 84,to thus place.the gwiich ih a closed position. Furthernore,
flexible arm 86 -and- coll:ar %66, »;ge:iaw ahged so that they 25 are in direct
physi cal and elFeetricalz-gontac a,,\'é@é‘ri‘ tthhe antenna is in the retracted
position; Accordingly, feed termnal” %‘61)% el ectrigally coupled with the
second cQ_gb;l-}i’f"ﬁﬂg-.’i.\l,i:ogg@E@}gT FAggpuRr Y, fa "fel ess nmuni cati on devi ce has
gp--ags—a-nat chi en a radio circuit and

been descri hETyHN chi fig state bet
an antenna i njg30 ity retracted and extendeeypositions, and does so

wi th an el egant design that increases reliability jang, manufacturability by
reduci ng t he nunb<PRIGMARToNpl exity of conponents gnd vi ng nechani cal
parts. The wireless comuni cation device is also rgsistant to damage when
dropped. A matching circuit, which is reconfigureg@according to a switch
that is 35 responsive tfgthe antenngg' s position, 3proy t he mat chi ng
states. Further m)r'_e,__t he Jswitch canbe integrall 34part of a feed
terminal, Vhat is WABGHINGI OIRCUIT| CISHIiEH |
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17 A wirel ess comunication device conprising: a feed ternmnal; 5 an
antenna noveable to and from an extended position and retracted position
relative to the feed termnal, electrically coupled with the feed term nal
and with a paraneter representative of the position of the antenna; a radio

circuit; a matching circuit coupl ed bet
10 circuit; and a switch electrically
and the radio circuit in a parallel configuration t he
and operative to change state in response to a predeter
wherein the switch bypasses the matching

t he paraneter

swi tch chan Maﬁ
wherein the® pa ere®
antenna's position relggive the f
communi cati on device claim?2

closed state, and the switch $—
t he extended position.

/26

REPLACEMENT SHEET

07 JAN 1997

24

2. The wireless comunication d

resentative of the position of t
termnal. 20 3. The
ein the swwtch with a
he open state when the

the feed term na
ed between the

o
@ 5/ ‘
A NSNS Y
3 —
D O,
No— N
o =
- 3
o
9]

T W
W

‘s an’

LA NN

7

(A

and the radio
t er m nal
prg—-4#4rcuit,

S 0!
—
QD
s -+
(¢
Y
>
o
o))

A N W L B

>

W 40
UM
W\IE
AW
i
iy
A
I
b 66

58\

FrG.5

/0

AN
MLLS L

TGS TOOOTIOTIIEN

CL L L LSl

2Ll Ll L2707 T g

adic wrpwmwm - —



25 4. The w rel ess comuni cation device of claim1l wherein the
swtch is a single-pole, single-throw switch. 5. The wireless comunication
device of claim 1l wherein when the switch is in one state the radio circuit
is directly coupled with the feed 30 termnal, and when the switch is in
another state the radio circuit is couplgygvith the feed term nal through
the matching circuit. 6. The wireless connhuni cation device of claiml
wherein the matchingyircuit is a T-connected circuit. 35 7. The

wi rel ess conmmuni cati&?i device of claim1l wherein the antenna including a

Q

first coupling | oca _nyt_h_e_,tqd termnal is coupled with the first
coupling location ™ thA extended posi tion, the&Fenna-w th.a first

i npedance in the extendgNgsition as viewed {rBbRit:te feed t8¥rf nal 5
coupled with the first § andft fe matchi-ng ciy dui t

substantially mat ches [ w f ftHe radio
t%. .We wifr el ess

circuit when the antenna \




10 antenna including a second coupling location, the feed ternminal is
coupled with the second coupling location in the retracted position, the
antenna with a second i npedance in a second position as viewed fromthe
feed term nal coupled with the second coupling location, and the matching

circuit substantially matches the secon% edance to the inpedance of the
radio 15 circuit when the antenna is i e retracted position. 9. The
Wi rel ess conmmuni cati on e of claim8 wherein the second coupling

| ocation divides the antjgn into a second antenna portion and a first
antenna portion, each pdfitin having an i npedance as viewed fromthe 20
feed term nal coupl ed wiftih 58econd J?- | oggti on, wherein inpedance
of the second antenna pdfitign 1s an g[%gr iggagdf?ude greater than the

I npedance of the first t ¢fina portion. 10. The w rel ess conmuni cation
device of claim1l wherei en 25 matching circuit is a T-connected
circuit having a first milta second arjp_and a leg, wherein the first arm

is coupled with the sw tfigh|fdnd t he sec nd~a{n1r§“toupled with the feed
terminal, and the leg id|lcofipl ed with h gf@&nd 4
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