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(54) A hybrid antenna system for a portable wireless communication device

(57)  Ahybrid antenna system for a portable Wireless
Communication Device (WCD) includes a concealed, in-
ternal shielded substrate antenna fixedly mounted to and
wholly internally within a casing of the portable WCD.
The hybrid antenna system also includes a displaceable
antenna, such as a whip antenna, that is selectively ex-
tendable from and retractable within the casing. The an-
tenna system includes a mechanism for electrically con-
necting the displaceable antenna to internal RF circuitry
of the portable WCD when the displaceable antenna is
in an extended position and for electrically isolating the
displaceable antenna from the internal RF circuitry when
the displaceable antenna is in a retracted position within
the casing.
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Description
BACKGROUND OF THE INVENTION

Field of Invention

[0001] The present invention relates generally to an-
tennas, and more particularly, to a hybrid antenna system
including a displaceable whip antenna and a concealed
antenna configured for use in a portable wireless com-
munications device.

Related Art

[0002] In recent years, a substantial increase in the
use of personal wireless communications devices
(WCDs), such as cellular telephones, has fueled a cor-
responding increase in the need for suitable antennas
for the WCDs. A number of important requirements drive
the configuration of such an antenna, including low an-
tenna part and manufacturing costs, compact size, om-
nidirectional gain and suitable frequency bandwidth, high
reliability, pleasing aesthetics or appearance, and com-
fortable ergonomic packaging.

[0003] One type of commonly used antenna configu-
ration includes an elongated whip or monopole/dipole
antenna. In one known configuration, the whip antenna
selectively extends from or retracts into a cellular tele-
phone casing. An extended whip antenna advantageous-
ly maintains a relatively uniform omnidirectional gain pat-
tern even when a user holds the cellular telephone near
his or her head because the extended whip antenna ex-
tends away from the cellular telephone and the user’s
head. Therefor, the whip antenna works well in relatively
low receive power situations, for example, at the edge of
a signal coverage zone or cell. On the other hand, dis-
advantages arising from the elongate, protruding contour
of the whip antenna include a susceptibility to damage
and unsightliness to aesthetically sensitive consumers.
[0004] Cellulartelephones often include a short helical
antenna used in conjunction with the whip antenna and
activated when the whip antenna is retracted into the
casing of the cellular telephone. The helical antenna typ-
ically includes a radiator length approximating that of the
whip antenna, even though the helical antenna is more
compact, more aesthetically pleasing, and less suscep-
tible to damage than the whip antenna. Nevertheless,
the helical antenna protrudes substantially and perma-
nently from the cellular telephone so as to adversely im-
pact cellular telephone aesthetics and render the helical
antenna susceptible to damage.

[0005] Accordingly, cellular telephone manufacturers
offer other, more aesthetically pleasing alternatives to
the whip and helical antennas, such as an internal an-
tenna housed wholly within and protected by a casing of
the cellular telephone. Such an internally mounted an-
tenna permits a cellular telephone manufacturer to con-
struct sleek, aesthetically pleasing, and ergonomically
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satisfying cellular telephones. Because the internal an-
tenna is encased within the cellular telephone, it works
well in relatively high and normal receive signal power
situations, but not as well at fringe coverage areas where
received signal power is relatively low. Also, while aes-
thetically more acceptable than the whip antenna, the
internal antenna (and the helical antenna mentioned
above) suffers adverse antenna gain modification due to
antenna loading when the user grasps the casing near
the internal antenna, and when the user holds the casing,
and thus the internal antenna, near his or her head.
[0006] Hence, in an antenna system for a Wireless
Communication Device (WCD), there is a need to com-
bine the performance advantages of a whip antenna with
the aesthetic and ergonomic advantages associated with
an internal antenna, and to mitigate the disadvantages
associated with each of these antenna types.

SUMMARY OF THE INVENTION

[0007] The presentinvention provides a hybrid anten-
na system for a portable WCD. The hybrid antenna sys-
temincludes a concealed, internal shielded substrate an-
tenna fixedly mounted wholly internally within a casing
of the portable WCD. The hybrid antenna system also
includes a displaceable antenna, such as a whip anten-
na, that is selectively extendable from and retractable
within the casing. The antenna system includes a mech-
anism for electrically coupling the displaceable antenna
to internal RF circuitry of the portable WCD when the
displaceable antenna is in an extended position and for
electrically isolating the displaceable antenna from the
internal RF circuitry when the displaceable antenna is in
a retracted position within the casing.

[0008] In a first embodiment, the internal antenna is
operatively coupled to the RF circuitry when the displace-
able antenna is in both an extended operative position
and a retracted inoperative position. Thus, the internal
and displaceable antennas are operatively connected in
parallel and to the RF circuitry when the displaceable
antenna is in the extended position, but only the internal
antenna is connected to the RF circuitry when the dis-
placeable antenna is in the retracted position.

[0009] In a second embodiment, only one of the dis-
placeable and internal antennas is coupled to the RF
circuitry at a time. Specifically, only the displaceable an-
tenna is coupled to the RF circuitry when in the extended
operative position, and only the internal antenna is cou-
pled to the RF circuitry when the displaceable antenna
is in the inoperative retracted position within the WCD
casing. The second embodiment includes two antenna
switching arrangements. The first arrangement includes
a mechanical switch for switching between antennas
while the second arrangement includes an electronic
switch for switching between antennas.

[0010] The electrical coupling may be effected by a
direct electrical connection, by inductive or conductive
coupling or by other effective means.
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Features and Advantages

[0011] The hybrid antenna system combines the per-
formance advantages of a whip antenna with the aes-
thetic and ergonomic advantages associated with a con-
cealed, internal antenna in a portable WCD.

[0012] During normal use of the WCD, that is, when
signal coverage is relatively good, the whip antenna is
retracted, inoperative, and hidden inside the WCD cas-
ing. The operative, concealed internal antenna provides
satisfactory performance under such conditions. Thus,
most of the time, the WCD maintains a sleek, aestheti-
cally pleasing appearance. However, in those instances
where signal coverage is poor, the user extends the high-
er performing whip antenna to effectively combat the poor
signal coverage and to thus extend the useable range of
the WCD.

[0013] The hybrid antenna system is constructed and
arranged in a straight forward manner using relatively
few, well known components to reduce antenna system
manufacturing complexity, cost, and size.

BRIEF DESCRIPTION OF THE FIGURES

[0014] The foregoing and other features and advan-
tages of the invention will be apparent from the following,
more particular description of the preferred embodiments
of the invention, as illustrated in the accompanying draw-
ings.

FIG. 1Ais adiagram of a first embodiment of a hybrid
antenna system in a WCD, wherein a whip antenna
is depicted in an extended operative position.

FIG. 1B is a diagram of the hybrid antenna system
of FIG. 1A, wherein the whip antenna is depicted in
the retracted, inoperative position.

FIG. 2A is a diagram of a second embodiment of a
hybrid antenna system for a WCD, wherein a whip
antenna is depicted in an extended operative posi-
tion, and an internal antenna is depicted in an inop-
erative state.

FIG. 2B is a diagram of the hybrid antenna system
of FIG. 2A, wherein the whip antenna is depicted in
a retracted inoperative position, and the internal an-
tenna is depicted in an operative state.

FIG. 3 is a diagram of an alternative arrangement of
the hybrid antenna system of the second embodi-
ment, wherein an electronic switch switches be-
tween a whip antenna and an internal antenna, ac-
cording to the present invention.

FIG. 4 is a functional diagram of the electronic switch
of FIG. 3.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0015] With reference to FIGS. 1A and 1B,aWCD 100
includes a casing or housing 102, a first Printed Circuit
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Board 104 having RF circuitry of the WCD mounted to
or formed on the PCB, and a hybrid antenna system 106
according to a first embodiment of the present invention.
Examples of WCD 100 useable with hybrid antenna 106
include a Personal Digital Assistant (PDA), a cellular tel-
ephone, a personal communications services (PCS) tel-
ephone, and a palm-top computer. Casing 102 can be
provided in any convenient shape and style, including,
for example, a "brick-shape" or "clam-shell" style used
for folding telephones and flip-top hand-held computers.
[0016] Hybrid antenna system 106 includes a dis-
placeable antenna 108, such as a whip antenna, and an
internal, concealed antenna 110 uniquely configured in
the present invention to combine the performance ad-
vantages of the whip antenna with the aesthetic and er-
gonomic advantages associated with the internal anten-
na. Hybrid antenna system 106 also includes a first elec-
trically conductive connector 112 and a second electri-
cally conductive connector 114 for electrically connecting
internal antenna 110 and whip antenna 108 to the RF
circuitry on PCB 104, respectively. Connectors 112 and
114 are resilient spring clips in a preferred embodiment.
[0017] Whip antenna 108 is slideably received by
grooves and/or aguide in casing 102, in a known manner.
Whip antenna 108 is thus displaceable in a direction V
so as to be selectively extendable from and retractable
within casing 102, as is respectively depicted in FIGs. 1A
and 1B. Whip antenna 108 is a monopole or dipole radi-
ator of known construction, and includes an elongated,
electrically conductive radiator having an upper portion
116a and a lower portion 116b. An insulating sheath 118
covers and electrically insulates radiator upper portion
116a.

[0018] Internal antenna 110 (also referred to as a
shielded substrate antenna) includes an electrically con-
ductive trace or antenna radiating element 122 formed
on adielectric support substrate or PCB 124, and a signal
feed region 126. PCB 124, fixedly mounted to and wholly
within casing 102, advantageously spaces radiating el-
ement 122 away from the casing to reduce antenna load-
ing effects caused when the user grasps WCD 100 and
positions the WCD near his or her head during use of the
WCD. Conductive trace 122 can include a plurality of
electrically interconnected traces forming a desired an-
tenna radiator structure. Conductive trace 122 includes
a conductive pad 128 in signal feed region 126, providing
an electrical contact for connecting conductive trace 122
to other circuitry within WCD 100. Shielded substrate an-
tenna 110 may be constructed in accordance with the
principles set forth in the aforementioned copending pat-
ent application entitled Multi-layered Shielded Substrate
Antenna.

[0019] PCB 104, fixedly mounted to and within casing
102, has known RF transceiver and electronic circuitry
mounted to or formed on the PCB for operating WCD
100. The RF transceiver circuitry includes a duplexer 130
for separating receive and transmit signals, a receive cir-
cuit 132 and a transmit circuit 134. A conductive pad 136,
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electrically connected to the RF circuitry via a conductive
trace 138, provides an electrical contact for connecting
whip and internal antennas 108 and 110 to the RF cir-
cuitry. Respectively providing the RF circuitry and inter-
nal antenna 110 on separate PCBs 104 and 124 advan-
tageously adds flexibility in constructing each individual
PCB and arranging each PCB in WCD 100. In an alter-
native arrangement, separate PCBs 104 and 124 can be
combined into a single PCB having both the RF circuitry
(and other electronic circuitry) and internal antenna 110
formed on or bonded to the single PCB. Using such a
single PCB advantageously reduces the number of com-
ponents and simplifies PCB mounting arrangements in
WCD 100.

[0020] First resilient spring clip 112 includes opposing
ends each respectively bonded to pads 128 and 136 to
form a fixed electrical connection between internal an-
tenna 110 and the RF circuitry on PCB 104. Second re-
silient spring clip 114 includes a first end 114a fixed to
pad 136 and a second displaceable end 114b biased into
contact with whip antenna 108. With reference to FIG.
1A, when the whip antenna is in the extended, operative
position, clip end 114b contacts conductive end 116b of
whip antenna 108 to electrically connect the whip anten-
nato the RF circuitry in parallel with internal antenna 110.
[0021] With reference to FIG. 1B, when the whip an-
tenna is in the retracted, inoperative position, clip end
114b contacts insulating sheath 118, instead of conduc-
tor 116b, to disconnect (that is, electrically isolate) the
whip antenna from the RF circuitry, whereby only internal
antenna 110 remains electrically connected to the RF
circuitry. It is to be understood that known alternative
whip antenna configurations and mechanisms for con-
necting and disconnecting the whip antenna to and from
the RF circuitry are useable in the present invention.
[0022] During use of WCD 100, the user places whip
antenna 108 into the retracted, inoperative position within
casing 102 when communication signal strength at the
WCD is at a relatively high or average level, whereby
only internal antenna 110 receives and transmits signals.
However when additional antenna performance is re-
quired to combat poor signal coverage, thatis, when sig-
nal strength at the WCD is relatively low in rural or fringe
signal coverage areas, the user places whip antenna 108
into the extended operative position, whereby both whip
antenna 108 and internal antenna 110 receive and trans-
mit signals.

[0023] Hybridantennasystem 106 representsasimple
and low cost approach for realizing the combined advan-
tages of whip antenna 108 and internal shielded sub-
strate antenna 110. However, use of extended antenna
108 together with internal antenna 110 in the parallel con-
nected antenna configuration described above can de-
gradereceive signal performance atthe WCD if antennas
108 and 110 each receive signals that interfere with one
another. Accordingly, a second embodiment of the
present invention, described below, avoids this draw-
back.
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[0024] A hybrid antenna system 200 according to the
second embodiment of the present invention, is depicted
in FIGS. 2A and 2B. For the sake of clarity, casing 102
and the RF circuitry are not shown in FIGS. 2A and 2B.
Hybrid antenna system 200 includes a whip antenna 108’
(similar to whip antenna 108), internal antenna 110, a
first electrically conductive resilient connector 202 and a
second electrically conductive resilient connector 204 for
respectively connecting internal antenna 110 and whip
antenna 108’ to the RF circuitry. Connectors 202 and
204, formed as spring clips, for example, and whip an-
tenna 108’ operate together as a mechanical switching
mechanism for electrically connecting and disconnecting
each antenna 108’ and 110 from the RF circuitry, as is
described below. Hybrid antenna system 200 advanta-
geously avoids the above mentioned interference effects
by electrically connecting only one antenna, either an-
tenna 108’ or antenna 110, to the RF circuitry at a time.
[0025] Whip antenna 108’ includes conductive end
portion 116b and an opposing end portion 220 spaced
from end portion 116b. An insulating sheath 118’ extends
between opposing end portions 116b and 220. Sheath
118’ has a diameter that is greater than the diameters of
the end portions 116b and 220. Spring clip 204 is elec-
trically connected to the RF circuitry via a conductive pad
206 and a conductive trace 208 formed on PCB 104 (but
depicted displaced from PCB 104 for the sake of clarity).
Spring clip 204 is sized to contact end portion 116b of
whip antenna 108’ when the whip antenna is in the ex-
tended position, as depicted in FIG. 2A, to thereby elec-
trically connect the whip antenna to the RF circuitry. On
the other hand, spring clip 204 contacts insulating sheath
118 when whip antenna 108’ is in the retracted position,
as depicted in FIG. 2B, to thereby disconnect the whip
antenna from the RF circuitry.

[0026] Springclip 202includes afirstend 202b bonded
to pad 136 and connected to the RF circuitry by a con-
ductive trace 210 of PCB 108. Spring clip 202 is sized
and shaped to bias a second displaceable end 202a of
the spring clip into contact with conductive pad 128 of
internal antenna 110 when whip antenna 108’ is in the
retracted position, as depicted in FIG. 2B (and in FIG. 2A
by dotted line), to thereby connect internal antenna 110
to the RF circuitry. On the other hand, sheath 118’ of
whip antenna 108’ contacts spring clip 202 when the whip
antenna is in the extended position, as depicted in FIG
2A, and thereby displaces clip end 202a away from pad
128 to disconnect the whip antenna from the RF circuitry.
Accordingly, only whip antenna 108’ or internal antenna
110 is electrically connected to the RF circuitry when the
whip antenna is respectively in the extended or retracted
positions.

[0027] An alternative hybrid antenna system 300 ac-
cording to the second embodiment, is depicted in FIG.
3. Hybrid antenna system 300 uses a combination of me-
chanical and electrical switching techniques to selective-
ly connect either whip antenna 108 or internal antenna
110 to the RF circuitry. Hybrid antenna system 300 in-
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cludes a mechanical connector 302 for selectively, elec-
trically connecting and disconnecting whip antenna 108
to a conductive trace 304 on PCB 104 when the whip
antenna is in the extended and retracted positions, re-
spectively, in a manner similar to that described in con-
nection with FIGs. 1A and 1B. Internal antenna 110 is
electrically connected to a conductive trace 306 on PCB
104 using a fixed electrical connection, in a manner sim-
ilar to that described in connection with FIGs. 1A and 1B.
[0028] Hybrid antenna system 300 includes an elec-
tronic switch 310 on PCB 104 having a first input 320
connected to conductive trace 304, a second input 322
connected to conductive trace 306, and an output 324
connected to the RF circuitry (collectively indicated by
reference numeral 330). Electronic switch 310 selectively
connects first input 320 and thus whip antenna 108 or
second input 322 and thus internal antenna 110 to the
RF circuitry 330, when the whip antenna respectively oc-
cupies the extended operative and retracted inoperative
positions.

[0029] A detailed diagram of electronic switch 310 is
depicted in FIG. 4. Electronic switch 310 includes a
switching element 340, functionally illustrated in FIG. 4.
Switching element 340 connects either input 320 (depict-
ed in solid line) or input 322 (depicted in dotted line) to
output 324 in response to a switching control voltage ap-
plied to switching element 340 via a select line 342.
Switching element 340 can be implemented using switch-
ing pin diodes controlled by the switching control voltage,
as is known. Electronic switch 310 also includes an an-
tenna load sensing circuit 346 for sensing when whip
antenna 108 is connected to input 320 via connector 302
and PCB trace 304, and for deriving the switching control
voltage applied to switching element 340 in response to
a load that is sensed. A supply voltage Vcc and a ground
potential Gnd are respectively applied to a terminal 350
and 352 of switch 310, for operating electronic switch
310.

[0030] In operation, antenna load sensing circuit 346
senses an antenna load, of fifty or seventy-five Ohms,
for example, when whip antenna 108 is extended and
operatively connected to input 320 by connector 302. In
response, sensing circuit 346 applies an appropriate con-
trol voltage to switching element 340 to connect whip
antenna 108 to RF circuitry 330 (depicted by solid line in
FIG. 4). On the other hand, antenna load sensing circuit
346 senses a lack of antenna loading when whip antenna
108 is retracted and disconnected from input 320 by con-
nector 302. In response, sensing circuit 346 applies an
appropriate control voltage to switching element 340 to
disconnect whip antenna 108 from and connect internal
antenna 108 to RF circuitry 330 (depicted by dotted line
in FIG. 4)

[0031] While various embodiments of the present in-
vention have been described above, it should be under-
stood that they have been presented by way of example
only, and not limitation. Thus, the breadth and scope of
the present invention should not be limited by any of the

10

15

20

25

30

35

40

45

50

55

above-described exemplary embodiments and arrange-
ments, but should be defined only in accordance with the
following claims and their equivalents.

Claims

1. An antenna system for a portable communications
device, comprising:

a first antenna mounted wholly internally within
acasing of the portable communications device;
a second antenna selectively extendable from
and retractable within the casing; and

first coupling means for coupling the second an-
tennatointernal RF circuitry of the portable com-
munications device when the second antenna
is in an extended position and for electrically iso-
lating the second antenna from the internal RF
circuitry when the second antennais in a retract-
ed position.

2. The antenna system of claim 1, further comprising
second coupling means for electrically coupling the
first antenna to the RF circuitry when the second
antennaisintheretracted position and for electrically
isolating the first antenna from the RF circuitry when
the second antenna is in the extended position.

3. The antenna system of claim 2, wherein the second
coupling means comprises a switching circuit for de-
tecting the impedance of the second antenna and
for isolating the first antenna from the RF circuitry
when the switching circuit detects a predetermined
impedance in the second antenna.

4. The antenna system of claim 2, wherein the second
coupling means comprises an electrically conductive
resilient connector for connecting the first antenna
to the internal RF circuitry when the second antenna
is in the retracted position.

5. The antenna system of claim 4, wherein the resilient
connectorincludes afixed end electrically connected
to the internal RF circuitry and a displaceable end
biased to contact the first antenna and thereby elec-
trically connect the first antenna to the RF circuitry
when the second antennaiis in the retracted position,
and wherein the displaceable end is displaced away
from the first antenna to thereby electrically isolate
the first antenna from the internal RF circuitry when
the second antenna is in the extended position.

6. Theantenna system of claim 1, wherein a fixed elec-
trical connector electrically connects the first anten-
na to the internal RF circuitry while the second an-
tennaisin both the extended and retracted positions.



10.

1.

12,

13.

14.

9 EP 2 256 858 A2 10

The antenna system of claim 1, further comprising
a printed circuit board (PCB) on which components
of the internal RF circuitry are formed, and wherein
the first antenna is formed on the PCB.

The antenna system of claim 1, further comprising:

a first printed circuit board (PCB) on which com-
ponents of the internal RF circuitry are formed;
and

a second PCB on which the first antenna is
formed.

The antenna system of claim 1, wherein the second
antenna is one of a monopole and dipole whip an-
tenna including an elongated radiator.

The antenna system of claim 1, wherein the first an-
tenna is a shielded substrate antenna comprising:

an electrically conductive trace formed on a
printed circuit board fixed to and within the cas-
ing of the WCD.

A method of operating a hybrid antenna systemin a
wireless communication device (WCD) including in-
ternal RF circuitry, the hybrid antenna system includ-
ing a first shielded substrate antenna fixedly mount-
ed to and wholly internally within the casing and a
second displaceable antenna selectively extendable
from and retractable within a casing of the WCD,
comprising the steps of:

electrically connecting the second antennatoin-
ternal RF circuitry of the WCD when the second
antenna is in an extended position and electri-
cally isolating the second antenna from the in-
ternal RF circuitry when the second antenna is
in a retracted position; and

electrically connecting the first antenna to the
internal RF circuitry when the second antenna
is in a retracted position.

The method of claim 11, further comprising the step
of electrically disconnecting the first antenna from
the internal RF circuitry when the second antenna is
in the extended position.

The method of claim 12, further comprising the steps
of detecting an impedance of the second antenna
that is greater than zero Ohms and isolating the first
antenna from the RF circuitry when the impedance
of the second antenna is detected.

The method of claim 12, further comprising the steps
of electrically connecting and disconnecting the first
antenna to and from the internal RF circuitry when
the second antenna is in the retracted and extended
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positions using a resilient electrical contact.

15. A circuit for selectively connecting an antenna to RF

circuitry, the circuit comprising:

an input (320) for coupling with a connector, the
connector (302) arranged to be selectively con-
nected to a first antenna (108);

a circuit for sensing (346) a load of the first an-
tenna (108) on the input (320); and

a switching element (340) for selectively con-
necting the first antenna or a second antenna
(110) to the RF circuitry (330) based on sensing
the load of the first antenna on the input (320).
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