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The present invention pertains to antennas for communication

apparatus.

Background of the Invention

Radio communication devices include a transmitter and/or
receiver coupled to an antenna which emits and/or detects radio

frequency signals. The device may include a microphone for inputting
audio signals to a transmitter or a speaker for outputting signals .
received by a receiver. Examples of such radio communication devices

include one way radios, two way radios, radio telephones, personal

communication devices, and a variety of other equipment. These

communication devices typically have a standby configuration,

wherein the device is collapsed for storage, and an active
communication configuration, wherein the antennae is extended for
optimum performance.

For radio telephones and two-way radios, it is typically desirable
that these devices have a small size during a standby mode to facilitate
storage and transport thereof. For example, users prefer that the radio
telephones are small enough in the standby mode to permit storage in
a shirt or jacket pocket. In the active communication state, it is

desirable for the device to be sufficiently long to position the speaker

adjacent to the user's ear, the microphone near the user's mouth, and
“the antenna away from the user’s body. To meet these requirements,
the radio telephone housing is reconfigurable to have smaller
dimensions in the standby mode than they have in the active

communication mode.

A difficulty encountered with prior art reconﬁgurable

commumcatlon dev1ces, such as radlo telephones which must recelve

.
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comuni cation configuration, wherein the antennae is ext ended for 20

opti num perfornmance. For radio tel ephones’ and r““v'r:-v-—----—--—— 4 S
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allows for optxmum antenna performance, the retracted position of

5 the antenna in the standby mode which minimizes the dimensions of
the communication device results in a decrease in antenna '
performance.

An example of a radio communication device including a multi-
10 position antenna is a radio telephone including a body and flap,
wherein the flap includes an antenna mounted thereon. When closed,
the flap covers the radio telephone key pad and provides a compact
housing. When the flap is opened, the flap antenna is spaced from the
telephone body which the user holds. Although the flap antenna
15 performs very well when the flap is open, the flap antenna is not
ideally positioned to receive an alerting signal in the standby mode.

Accordingly, it is desirable to provide an antenna system having
high performance characteristics when the communication device is
20 extended in an active communication mode and when the
communication device is collapsed in a standby mode of operation.

Brief Description of the Drawings

25 FIG. 1 is a front perspective view illustrating an extended radio
telephone including an antenna system according to the invention;

FIG. 2 is a front perspective view illustrating a collapsed radio
telephone according to FIG. 1 which is in the standby configuration;
30 : .
FIG. 3 is a fragmentary view illustrating the inside of the radio
telephone housing according to FIG. 1 including a transceiver;
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35 comuni cation devices, such as radio tel ephones which nust receive
2 a call alerting signal in the standby node, i
performance: antenna systemin both the standby [rott¥S@EMEETheaPgEEY
conmuni cati on node. Al though the extended anten a|mxﬁinu!cgdloms
opti mum antenna performance, the retracted positrom of—5
t he standby node which mnimzes the dinensions of the comruni cation device
results in a decrease in antenna performance. An exanple of a radio

comuni cati on device |nclud|ng a multi- 10 position antenna is_a radio

t el ephone i ncl udi nHIG: bisc planiviewapf a flap of the radio telephone according to

FIG. 1 with the front housing section removed and illustrating a first
antenna; -

5 FIG.5is a fragmentafy perspective view of a portion of the
inside of a front housing section of the radio telephone body according
to FIG. 1 illustrating a portion of a parasitic radiator;

FIG. 6 is top plan view illustrating the parasitic radiator
10  according to FIG. 5;

FIG. 7 is a top plan view illustrating an alternate embodiment of
the parasitic radiator according to FIG. 6; and

15 FIG. 8 is a top plan view illustrating another alternaté
embodiment of the parasitic radiator antenna according to FIG. 6.

Detailed Description of the Preferred Embodiments

20 The present invention is embodied in a multi-position antenna
system for a device including a housing having first and second
housing portions which move between a first extended position and a
second collapsed position. Circuitry is positioned in the housing to
transmit or receive signals. A first antenna is supported on the first

25 housing portion and is connected to the circuitry. A parasitic radiator
is supported on the second housing section. The first antenna and the
parasitic radiator coupled when the housing is in the collapsed position
and are not coupled when the housing is in the extended position. The
antenna system has high performance characteristics when the

30 housing is extended during active communication and when the first
antenna and the parasitic radiator are coupled while the housing is
collapsed. |

Initially it is noted that those components shown in more than ‘
35 one drawing figure have the same last two digits in all the drawing
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wherein the flap includes an antenna nounted thereon. Wen closed, the flap
covers,the radio tel ephone key pad and provi des alasab: Lng.  \Wien the
flap is opened, the flap antenna is spaced. from 2 whi ch
the user- holds. Although the flap antenna 15 pgrf ‘when the
flap is open, the flap antenna is not ideally p St ,' an
alerting signal in the standby node. Accordingly, it is desirable t
provi de an antenna system havi ng hi gh performance characteristics when the
communi cation device is 2 0 extended in an active comunication .node and
when the configires: Howeven, the firstodigitislentifies the drawing figuse beingoper at i on.
Bri ef Descri Hefdinfld, fiehHattfiboRents in FIGT Ravd the fifstlaigit 1,per spect | ve

ceor i ng L o CPRRGRERARGIG. Pavethe Sst Rih, s Jbiecaibe SOUGHFIRES! 1 at | ng
a col | apsed ragflefina system according to the invention is illustrated in a radio
5 telephone including a flap 103 (FIG. 1), wherein the immediate
| invention is particulaﬂy advantageous. However, the invention may
also be advantageously employed in other devices, such as one way and
two way radios, or any other communication device employing an
antenna. Accordingly, "device" and "equipment” as used herein refer
10 to all such devices and their equivalents.

A radio telephone 100 incorporating the invention is illustrated
in FIG. 1. The radio telephone includes a housing 102 including a first
housing portion 101 and a second housing portion 103. In the

15 illustrated embodiment, the first housing portion 101 is a radio
~ telephone body and the second housing portion is a flap pivotably
connected to the body. The flap 103 moves between an extended
position illustrated in FIG. 1 during an active communication mode
and a collapsed, or closed position, illustrated in FIG. 2, in a standby
20 mode.

The radio telephone body 101 includes a back body housing
section 104 and a front body housing section 105 which are
interconnected to define an interior volume housing electronic

25  circuitry (not shown). A key pad 106 is positioned in body 101 such that
keys 109 (only some of which are numbered) associated with the
keypad are accessible for manual actuation by the user. The illustrated
flap 103 at least partially covers key pad 106 when closed. The flap may
be larger to cover all the keys. The flap prevents actuation of the

30 covered keys 109 when the flap is closed. Additionally, the flap may
place the telephone in a standby mode when closed.

The flap 103 includes a first antenna 107, which is referred to
herein as a flap antenna. The flap antenna is positioned between a
35 front flap housing 111 and a back flap housing section 112, and thus is
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teI ephone according to FIG 1 which is in the standby conflguratlon 30
FIG 3.is a fragnentary view illustrating the t el ephone
housing according to FIG 1 including a transdggi vﬁgHEET FZ’I‘\QBE@ a plan
view of a flap of the radio tel ephone accordi ng_to RERLACER 1 h t e front
housi ng section renoved and illustrating a first antenna; 5 FIG 5
Is a fragnentary perspective view of a portion of the inside of a front
housi ng section of the radi o tel ephone body accordi ng to FIG 1

illustrating a portion of a paraS|t|c radi ator; FIG is top. plan view
i | lustrating illustrated dn phantom; i BIG. 1. The front flap and back flap housing

sections 111 and 112 are generally planar members, which may be
manufactured of a suitable polymer. The flap antenna is sandwiched
between these members. The flap antenna 107 is in an extended

5 position when the flap 103 is open. The flap antenna is in a collapsed,
or retracted, position when flap 203 (FIG. 2) is closed.

Body 101 includes a parasitic radiator, or second antenna 108.
The parasitic radiator 108 is affixed to the inside of the front housing
10 section 105, and is thus illustrated in phantom in FIG. 1.

Transceiver circuitry 315 is generally represented in FIG. 3. The
transceiver may be implemented using any suitable conventional
transceiver. The transceiver circuitry 315 is positioned in first housing

15 portion 301 by conventional means, such as by mounting on a printed
circuit board which is assembled between the front and back body
housing sections 104, 105. The transceiver circuitry 315 is coupled to a
microphone (not shown) and receiver (not shown) positioned in
housing portion 301. The transceiver circuitry is also connected to an

20 elastomeric connector 316 or other means, which connects to a flex
conductor 317. The flex conductor 317 extends into a hinge assembly
318 including a knuckle 319. As illustrated in FIG. 4, the hinge
assembly 418 also includes a knuckle 420 on flap 403 to engage knuckle
319. The flex conductor 417 is also connected to the first antenna 407

25  through the hinge assembly 418. The hinge assembly providing the
connection between the flap antenna 407 and the transceiver 315 may
have any suitable construction, such as the hinge disclosed in United
States patent application Serial No. 08/148, 718, filed on 08 November
1993 in the name of Tanya Rush et al., the disclosure of which is

30 incorporated herein by reference thereto.

Flap antenna 407 (FIG. 4) includes two conductors 423 and 424
mounted on a board 425 such that the antenna is generally E-shaped in
configuration. The flap antenna is manufactured of two thin strips of a

35  suitable conductor, such as copper. The flap antenna 407 includes a
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‘10 according to FIG 5; FIG 7|satop plan view illustrating an
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providing impedance matching between antenna 407 and the
transceiver circuitry 315 (FIG. 3). A cross member 428 of conductor 423
connects middle finger segment 426 to outer finger 429. The outer
finger 429 extends generally orthogonally from one end of cross
member 428. Conductor 424 similarly includes a middle finger
segment 426 coupled to a cross member 430. Cross member 430
connects the middle finger segment of conductor 424 to an outer finger
431, which extends generally orthogonally to cross member 430.
Elements 432 (only some of which are numbered) extend generally
orthogonally from outer fingers 429 and 431 to provide a capacitive
loading permitting shortening of antenna 407 to facilitate mounting of
the antenna on the flap. A opening 433 which is cut out of each outer
finger 429, 431 is provided to receive respective magnets (not shown).
The magnets actuate read switches (not shown} in the radio telephone
housing 101. The read switches and magnets are not described in
greater detail herein since they do not form a part of the immediate
invention.

The flap antenna 407 is thus a dipole antenna which is thin,
such that it is sandwiched between front housing section 111 and back
housing section 112, to construct a thin flap. The antenna is a half-
wavelength antenna having high performance characteristics when

the flap is open, as illustrated in FIG. 1. The cross members 428 and 430

of conductors 423 and 424 are high current sections of the flap antenna.

A parasitic radiator 508 is illustrated in FIG. 5. The parasitic
radiator is not directly coupled to the feed line 317(FIG. 3), 417 (FIG. 4)
of the flap antenna 407. The parasitic radiator 508 (FIG. 5) is generally
U-shaped in configuration, including arms 534 and 536 extending
generally orthogonally to a shoulder 535. An elbow 537 extends at an
angle of approximately 45° with respect to arm 534 and shoulder 535 to
join these members. An elbow 538 extends at an angle of
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these members. This parasitic radiator is manufactured from any
suitable electrical conductor, such as a thin, flexible copper strip having
an adhesive on one side thereof.

The parasitic radiator is dimensioned according to the
transceiver signal frequency. More particularly, the longitudinal axis of
arm 534 has a length A, the longitudinal axis of elbow 537 has a length
B, the longitudinal axis of shoulder 535 has a length C, the
longitudinal axis of elbow 538 has a length D, and the longitudinal axis
of arm 536 has a length E. Lengths A, B, C, D, and E are such that their
sum is equal to approximately one-half the wavelength of the

transceiver signal frequency.

The parasitic radiator 608 (FIG. 6) according to preferred
embodiment is connected to an inside surface 640 of front housing
section 605. The front housing section includes a planar front 642 and a
sidewall 643. An opposite sidewall 144, which is not shown in FIG. 6
but can be seen in FIG. 1, extends in parallel to sidewall 643. The
parasitic radiator 608 is assembled to inside surface 640 of the front
housing section 605 using a suitable adhesive. The parasitic radiator is
flexible such that it conforms to the surface 640 of the front housing
section when attached thereto. More particularly, the shoulder 635 of
parasitic radiator 608 is affixed to the inside surface 640 between two
rows of apertures 660, through which keys 109 (FIG. 1) of keypad 106
project. The shoulder of parasitic radiator 608 is narrow such that it fits
snugly between the rows of apertures without extending into these
apertures to avoid interference with the operation of keys 109. Elbow
637 is attached to surface 640 such that it curves from the front wall 642
to the side wall 643. Arm 634 is attached to wall 643 using an adhesive
such that it extends along this side wall. Most preferably wall 643 is flat
such that the arm 634 extends in a single plane. Arm 536 and elbow 538
are similarly connected to side wall 144. In this manner, the thin
flexible strip is attached to the inside of the front housing section with
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antenna system according to the invention is ill

tel ephone including a flap 103 (FIG 1), wherei nTteHlSeN
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radi os, or any- ot her connunlcatlon deV|ce enploylng an antenna
Accordi ngly, "device" and "equi pnent" as used herein refer 10 to all
such devices and their equivalents. A radio telephone 100 incorporating the

invention is illustrated in FIG 1. The radi e includes, a housin
102 i ncl udi ngredetemeineddosations ef theeross membess @.822‘136 aﬁ%ﬁE‘FlFﬁﬁﬁﬁbrt i on 10%

lr gdf get él gphgﬂnéeSbbo @%\%ﬁﬂﬁ?ﬁ‘agée B&manQ?\férrthb d&@fa%enﬂ feoxit wall 61421t i EI a
connect ed t oW bﬁ%w B 1S 98 Bﬁ*@%\é@] Itéﬂaléﬁha% IOIo\s/?t :aony
i1l ustrated showder 535 6ﬂﬂn@pam1mradnatormonnea:edmhmdhe flap 403 is
5 closed. Thus, when the flap is closed, the cross members 428, 430 and
the shoulder 535 are aligned and positioned proximate one another, as
represented by the arrow in FIG. 1. The cross members 428, 430 and the
shoulder 535 are spaced by the thickness of the front housing section of
the flap 103 and the front housing section of the body 101.
10  Additionally, the shoulder 535 of the parasitic radiator is inductively
coupled to the cross members 428, 430, which are the high current
portion of the flap antenna. Because shoulder 535 is coupled to cross
members 430 and 428 when the flap is closed, the arms 534 and 536
form a second dipole antenna which is parasitically coupled to dipole
15 antenna 407. This coupling is an inductive coupling.

In operation, when the flap is open, flap antenna 107 (FIG. 1) is
positioned away from the parasitic radiator 108 and body 101 such that
the antenna has high performance characteristics without interference

20 from the user, circuitry in the body housing 101, or the body housing
101. In this position, the high current sections (cross members 428, 430)
of the flap antenna 107 are remote from shoulder 635 of parasitic
radiator 108, such that the parasitic radiator is not coupled to antenna

107, and is not coupled to the transceiver circuit 315. When the flap is
25 closed, as illustrated in FIG. 2, the flap antenna is moved to a position
proximate the body and the circuitry in housing 101. This causes
decrease in the performance of antenna 107 because body portion 102 is
in the near field volume of the flap antenna. However, the high
current sections 428, 430 of the flap antenna 407 are positioned

30 proximate to shoulder 635, such that the two antennas are parasitically
coupled. The antenna system performance characteristics are thus
affected by both the parasitic radiator 108 and the flap antenna 107 while
the flap is closed. The parasitic radiator is tuned to the communication
signal wavelength of the transceiver circuit 315 when the body is in the

35 near field volume, whereas the flap antenna 107 is tuned to the
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and a col | apsed, or closed position, illustrated in FIG 2, in a standby 20
node. The radi o tel ephone body 101 includes a r'—-—----a--—-a----c-—--a ----- ion 104
-and a.front body housing section 105 which are i [t BlS@HEET 05 BEENE] i ne an
interior volunme housing electronic 2 5 circuitfly (nOREBLAQED. Ay pad
106 is positioned in body 101 such that keys 109 (Omnry some of v are
nunber ed) associated with the keypad are accessi ble for manual actuation by
the user. The illustrated flap 103 at | east partially covers key pad 106
when closed. The flap may be |larger to cover all the keys. The flap
prevents act ieemwnicatiore wavelengihofr sansceiver igiocuibryn3t E’hﬂf‘a@q ﬂaEI osed.

Addi tional l'y, ni | ORe BHthR 'ﬁﬁ@nﬁihelstﬂhémﬁﬂonﬂ@ﬁrﬂﬁﬁﬁﬁcm when
cl osed. The leUSFel

herein as a fHgRALR Og@lﬁﬁggyuﬁé‘e?v;ﬁlbsr%h‘f%% il‘%g]épt ‘ghdifgg‘ %‘é‘ﬂ T%%%\grd He

one is tuned to the transceiver circuitry when the flap is closed. This

5  coupling of the antenna 107 and the parasitic radiator 108 significantly
improves the characteristics of the antenna system when the flap is
closed, such that there is no significant degradation of the antenna
performance caused by collapsing the radio telephone for storage.
Consequently, the flap antenna does not impair the radio telephone's

10  ability to receive an incoming call alerting signal, a paging signal or an

E-mail signal. |

According to an alternate embodiment of the parasitic radiator

708, the elbow 738 and elbow 737 joining arms 734 and arms 736 to base

15 735, respectively, are ninety degree corners having curved outer edges.
The sum of length F of arm 734, length G of base 735, and length H of
arm 736 is approximately one half the wavelength of the transceiver
operating frequency. The embodiment of FIG. 5 is preferred because the
tips 555, 556 of arms 534, 536 are further from shoulder 535 than the tips .

20 755,756 of the arms 734, 736, if the total length of the antennas are the
same (i.e., if both antennae embodiments are quarter wavelength
antennas). |

_ Another alternate embodiment of the parasitic radiator 808 is

25  illustrated in FIG. 8. Parasitic radiator 808 includes notches 858 in arms
834 and 836. The notches 858 in the arms are provided for positioning
the arms around outwardly extending protrusions (not shown) of front
housing section 605. This is particularly desirable if the inside surface
of the front housing section has a large number of protrusions. It is

30 desirable that the arms 834, 836 extend in a single plane for optimum
antenna performance. This is particularly important since positioning
of the parasitic radiator 508 adjacent the circuitry inside housing 101
will detrimentally affect performance of the antenna system. However,
a disadvantage of the embodiment of FIG. 8 is the distance from tips
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35 front flap housing 111 and a back flap housrng section 112, and thus
IS iLIlustrated in phantomin FIG 1. The front )
‘housi ng sections 111 and 112 are general |y planarf| mendeHEET WAk iR be
manuf actured of a suitable polyner. The flap ant ' '

t hese nenbers. The flap antenna 107 is in an exte S Sty en the
flap 103 is open. The flap antenna is in a coIIapsed or retracted '
position when flap 203 (FIG 2) is closed. Body 101 includes a parasitic
radi ator, or second antenna 108. The parasitic_radiator 108 is affixed to
the inside of 835856 to shonlder 83§ is forther shortened by, theradditioniefdhe| | ustrat ed

I n phantorr? | Nn&ickesl Tr ansceiver circuitry 315 is generally represented in
FIG 3. T

Accordingly it can be seen that an improved antenna system is
5 disclosed for a communication device having movable body sections.
The antenna system provides high performance characteristics when
the antenna is opened and when the device is collapsed for ease of
storage.
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“transcei ver may be inpl enented using any suitable conventi onal transceiver.
The transceiver circuitry 3I5 iS positioned in first hou5|ng 15 portion

.301 by.convention by nmounti ng on Cutt ard
which is assenbl eammmn"mm‘ t; and back bod;/ﬁim ﬁi@@ﬁ&%&%ﬁ 4,
105. The transceiver Eirkuittrys 315 |s coupled to cr ‘Eot s wn)
and .recei ver (not shown) positioned‘in housing portion 301. The transceiver
circuitry is also connected to an 20 el astonmeri ¢ connector 316 or other
means, which connects to a flex conductor 317. The flex conductor 317
extends into a hinge assenbly 318 i ncChAIMSa knuckle 319. As illustrated
in FIG 4, the hinge assenbly 418 al so i ncludes a knuckle 420 on flap 403

t o engage knucﬁle 31 The fl ex conductor 417 is also connected to the
first antenna 125‘““?%¥0ugh t he hinge assenbly 418. The hi nge assenbly
provi ding the connection between the flap antenna 407 and the transceiver
315 may 5

" 1. A multi-position antenna system for a device (100)
including a housing (101) having a first housing portion (102, 103) and
a second housing portion (102, 103) which are movingly interconnected
such that they move relative to one another between a collapsed
position and an extended position, and communication circuitry (315)
10 positioned in the housing to transmit or receive signals via the

~ antenna system, the antenna system comprising:

a first antenna (107) supported in the first housing portion, the
first antenna including a feed line (317, 417) and coupled to the
communication circuitry in the collapsed position, the first antenna

15 tuned to the communication circuitry; and

a parasitic radiator (108) supported in the second housing
portion, the parasitic radiator tuned to the wavelength of the
communication circuitry and not directly coupled to the feed line of
the first antenna, wherein the parasitic radiator is coupled to the first

20 antenna when the housing is in the collapsed position and the parasitic
radiator is not coupled to the first antenna when the housing is in the
extended position, whereby the parasitic radiator is coupled to the
communication circuitry in the first housing section through the ﬁrst
antenna when the housing is in the collapsed position.

25

2. The multi-position antenna apparatus as defined in claim
1 wherein the device includes a hinge assembly (318, 418) pivotably
interconnecting the first and second housing portions and the first
antenna is coupled to the communication circuitry through the hinge

30 assembly.

3. The multi-position antenna apparatus as defined in claim
1, wherein the first antenna includes two conductors (423, 424) which
are positioned on the second housing portion. '
35
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have any suitabl e construction, such as the hi nge disclosed in United

States patent application Seri aI No. 08/ 148, 718, filed on 08 Novenber

in the name of Tanya Rush et al., the*dl scl osure WHT CH—FS—a=8 _
i ncor porated herein mmmﬂm et Flap an em‘é‘ W(M@BEEN
i hcl udes two -conduct Imm unt ed on a Hoard BSBLAGER t hatll the

antenna i s generally "E-$haped®i s confi.guration. The flap antenna

manuf actured of two thin strips of a 3 5 swtabl e conductor, such as
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copper. The flap antenna 407 includes a j oi nder _segnent 422

el ectrically coupl4n

with the flexyReRaHthe firdl dnteiif ¥ 4 Baff wavelength antenna.
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5. The multi-position antenna apparatus as defined in claim 8,
wherein the parasitic radiator is of a half wavelength.

6. The multi-position antenna apparatus as defined in claim 1,
wherein the first antenna is a dipole antenna.

7. The antenna system as defined in claim 1 wherein the first
antenna is connected to the communication circuitry in the extended

‘and collapsed positions.

8. A multi-position antenna system for a device (100)
including a housing (101) having a first housing portion (102, 103) and
a second housing portion (102, 103) which are movingly interconnected
such that they move relative to one another between a collapsed
position and an extended position, and circuitry (315) positioned in one
of the first and second housing portions to transmit or receive signals
via the antenna system, the antenna system comprising:

a first antenna (107) supported in the second housing portion,
the first antenna coupled to the communication circuitry in the
extended position and in the collapsed position, wherein the first
antenna includes two conductors (423, 424), and each of the two
conductors is mounted on the second housing portion and including a
cross member (428, 430) connecting a middle finger segment to an outer
finger; and ’

a parasitic radlator (108) supported in the first housing portion
such that the parasitic radiator is coupled to the first antenna when the
housing is in the collapsed position and the parasitic radiator is not
coupled to the first antenna when the housing is in the extended
position. '

-12 -
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fi nger segnments 426 include a transmi ssion line transforper._427 providi ng
| npedance—atehi-ng- bet ween a i f 4 1

“(FI : r_’rhf'gr 428
sco IAMPRRINL =,

I ncl udes a mddle finger segnent 426 coupled to a cross nenber 430. Cross
menber 430 1 0 connects the middle finger segnent of conductor 424 to an
outer finger 431, which extends generally orthogonally to cross nenber 430.
El ements 432 (onl y9-soneThe mmitipositionanteana apparaiasnasydefined jin claim

orthogonal |y ¢ roRefi Bhe phffie réddiftcid 4&%&;&15' U%}wﬁgﬁﬁﬁgagffg gdvge ! ?ﬁgi ng

gﬁ{ renntn:glI g% f%egﬁgﬁ%ﬁv%%%q;gmﬁﬁ%ﬁ t of each outer finger
429, 431 is provided to receive respective magnets (not shown).
5 10.  The multi-position antenna apparatus as defined in claim
9, wherein the cross members (428, 430) and the shoulder (535) are
positioned proximate one another when the first and second housing
portions are in the collapsed position whereby the first antenna and the

parasitic radiator are coupled.

5

10

|
i This Sheet Has Been Reﬂlaced
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‘The magnets actuate read switches (not shovvn) in the radi o _tel ephane

housi ng 101. The read sw tche bR et —=ar e cribed apepqripat er
detai] herein since they 'Mﬁ@ @%ﬁ"ﬂf hEH g%?d‘l ate’, Zg venti on.

The flap antenna 407 is tjju ich iscihras’ hat it

I s sandwi ched between fro - |on 111 and back housing section
112, to construct a thin flap The antenna is a half- 25 wavel engt h

ant enna havi ng hi gh performance characteristics when the flap is open, as
illustrated in FIG 1. The cross nenbers 428 and 430 of conductors 423 and
424 are high current sections of the flap antenna. A parasitic radiator 508

Is illustrated MEFHOD iNﬁh&PPAm'rUSCFéRQwumwsmoN ANTENNA! | ¥
coupled to the feed line 317(Fl %} 45 a of the flap antenna 407.
The parasitic radiator 508 (Fl Gﬁbﬁ aF%"é‘gﬁ BEIOPULE shaped in configuration,
i ncluding arns 534 Aandnfedacsyiseetrliingludes a first antenna (107) positioned on a
5  first device housing portion (103) and a parasitic radiator (108)

positioned on a second device housing (102). The housings move

relative to one another to collapse the device during a standby mode

and extend the device during an active communication mode. The

first antenna (107) and the parasitic radiator (108) are positioned on

10  their respective housings such that they are parasitically coupled when
the housings are collapsed and are not coupled when the housings are
extended.

i This Sheet Has Been Reﬂ

A
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generally orthogonally to a shoul der 535. An el bow 537 extends at an angle
of approximately 45[err] with respect to arm 534 and shoul der 535 to 3 5
join these nenbers. An el bow 538 extends at an angl e of 7 approxi mately
45[err] with respect to arm 536 and shoul der 535 to join these nenbers.
This parasitic radiator is manufactured fromany suitable electrical
conductor, such as a thin, flexible c?p Qstri p having an adhesive on one
side thereof. 5 The parasitic radiatof 4 s~di mensi oned according to the

transcei ver signal frequency. Mre particularly, the Iongitudi;gL,azoe of

101

104




arm 534 has a length A, the longitudinal axis of el bow 537 has a | engt h B,
the | ongi tudinal axis of shoul der 535 has a length C, the 1 0
| ongi-tudi nal axis of elbow 538 has a |l ength D, and the | ongitudinal

axi s of
arm 536 has a length E. Lengths A, B, C, D, and E are such that their sum
I s equal

frequency. 1 5

to approximately one-half the wavel ength of the transceiver signal

preferred enbodi nent_.Ls
section 605. The fr gt

si dewal | 643.
can be seen i
parasitic radi
housi ng secti

The parasitic ra@
jwctg to an ‘1 nside surface 640
0

@ 608 (FIG 6) according to

front housing
Jo) ction ingpdes a planar fr l
An opposite sidewal l - '

ch is n
ends i n/par al

is assenblfed to inside
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section when attached thereto. Mre particularly, the shoul der 635 of
parasitic radiator 608 is affixed to the inside surface 640 between two 25
rows of apertures 660, through which keys 109 (FIG 1 ) of keypad 106
project. The shoul der of parasitic radiator 608 is narrow such that it fits
snugly between the rows of apertures w thout extending into these apertures
to avoid interference with the operati 8 {8keys 109. El bow 637 is attached

to surface 640 such that it curves from‘the front- 642 3 0 to the
side wall 643. Arm634 is attached to wall 643 ugjag

Most preferably™aal l

LET.

t such that

Ie pl ane.

538 are simlarly

such t hat
it extends al on
the arm 634 ex'ﬁ‘djég.s
connected tg de mal 144
attached t '

Arm 536 and elbo
ln th nner, Ph '
BNt hou3|ng 5

: Bi s

E<

855 6

(736 = 734
756 )
755
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=
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. 8 predeterm ned |ocati 9 rrenb'ers 42.8 ABO are_such that these
cross nmenbers are pomglﬁr-]@g) ver% S

urface of fr
Between the two rows of apertures 660 and to which he @%}éﬁ'@éﬁ%gg& t he
parasitic radiator is connected when the flap 403 i oggg.@ S,{|‘when
the flap is closed, the cross nenbers 428, 430 and th - a
al i gned and positioned proxi mate one another, as represented by the arrow
in FIG 1. The cross nenbers 428, 430 and the shoul der 535 are spaced by
the thickness of the front housing sectli.on of the flap 103 and the front
housi ng secti onMETHOD NP APPARAPUS FOR MULF-POSITION ANTENNA3S of
the parasitic radiator is inductively coupled to the cross nenbers 428,
430, which are the high current portion of the flap antenna. Because
shoul der 535 is coupl ed to crossField of the Invention

5 The present invention pertains to antennas for communication
apparatus,

| Background of the Invention

10 - Radio communication devices include a transmitter and/or
receiver coupled to an antenna which emits and/or detects radio
frequency signals. The device may include a microphone for inputting
audio signals to a transmitter or a speaker for outputting signals
received by a receiver. Examples of such radio communication devices

15 include one way radios, two way radios, radio telephones, personal
communication devices, and a variety of other equipment. These
communication devices typically have a standby configuration,
wherein the device is collapsed for storage, and an active
communication configuration, wherein the antennae is extended for

20 optimum performance.

For radio telephones and two-way radios, it is typically desirable
that these devices have a small size during a standby mode to facilitate
storage and transport thereof. For example, users prefer that the radio

25 telephones are small enough in the standby mode to permit storage in
a shirt or jacket pocket. In the active communication state, it is
desirable for the device to be sufficiently long to position the speaker
adjacent to the user's ear, the mlcrophone near the user's mouth, and
the antenna away from the user's: body To meet these requirements,

30  the radio telephone housing is reconfigurable to have smaller
dimensions in the standby mode than they have in the active
communication mode.

A difficulty encountered with prior art reconfigurable
35 communication devices, such as radio telephones which must receive



menbers 430 and 428 when the flap is closed, the arnms 534 and 536 forma
second di pol e antenna which is parasitically coupled
ahtenna 407. This coupling is an inductive coupling.
flap is open, flap antenna 107 (FIG 1)  is positioned
parasitic radiator 108 and body 101 such that the ant
performance characteristics without interference 20 fromthe- >
circuitry in the body housing 101, or the body housing 101. In this
position, the high current sections (CL%ss menbers 428, 430) of the flap
antenna 107 ar e calrabertingr signalhouhdestarédlsy afodeisprovidingaditdglor 108, such

h h i1 ' ' | 7 [ s.
coupl ed 1 bt noPtyETREAtE iltenns Rlent BB e SR Dot and e pGIA
illustrated i nc@En@MuIication tode arithough ithe enteruladoanteposi positiopr oxi mat e
the body and ! ifows' fiH dptimbth AN MrmiRLe: (hB81R6ACRADEARBN AL L he

per formance of antenna 1 ecaus por tion 102 . _
5 e antenna in the standby mode which minimizes the dimensions of

the communication device results in a decrease in antenna

performance.

An example of a radio communication device including a multi-
10 position antenna is a radio telephone including a body and flap,
wherein the flap includes an antenna mounted thereon. When closed,
the flap covers the radio telephone key pad and provides a compact
housing. When the flap is opened, the flap antenna is spaced from the
telephone body which the user holds. Although the flap antenna
15 performs very well when the flap is open, the flap antenna is not
ideally positioned to receive an alerting signal in the standby mode.

Accordingly, it is desirable to provide an antenna system having
high performance characteristics when the communication device is
20 extended in an active communication mode and when the
communication device is collapsed in a standby mode of operation.

Brief Description of the Drawings

25 FIG. 1 is a front perspective view illustrating an extended radio
telephone including an antenna system according to the invention;

FIG. 2 is a front perspective view illustrating a collapsed radio
telephone according to FIG. 1 which is in the standby configuration;
30
FIG. 3 is a fragmentary view illustrating the inside of the radio
telephone housing according to FIG. 1 including a transceiver;



in the near field volune of the flap antenna. However, the high current
sections 428, 430 of the flap antenna 407 are positionfd—S—o——PFox Faete
shoul der 635, such that the two antennas are parasiticlﬁ‘@Plé\&w@dj[SHEE
antenna system perfornmance characteristics are thus afecte y”gﬁth t he
parasitic radiator 108 and the flap antenna 107 while [ Htq |3 a , e
The parasitic radiator is tuned to the conmunication siQr aiviai
the transceiver circuit 315 when the Egiy isinthe 35 near field

vol ume, whereas the flap antenna 107 i uned to the 9 conmuni cation
wavel engt h of transEki.veis aplanuviewyof3d Haptofrthe radid tepeplorepaotording tof t he

antennas 1s thegs LUREh Bk Bt ROTEMY &ibRTemoved and illustrating a first

antenna;

e e~

Vave

S5 FIG. 5 is a fragmentary perspective view of a portion of the
inside of a front housing section of the radio telephone body according
to FIG. 1 illustrating a portion of a parasitic radiator;

FIG. 6 is top plan view illustrating the parasitic radiator
10 according to FIG. 5;

FIG. 7 is a top plan view illustrating an alternate embodiment of
the parasitic radiator according to FIG. 6; and

15 FIG. 8 is a top plan view illustrating another alternate
embodiment of the parasitic radiator antenna according to FIG. 6.

Detailed Description of the Preferred Embodiments

20 The present invention is embodied in a multi-position antenna
system for a device including a housing having first and second
housing portions which move between a first extended position and a
second collapsed position. Circuitry is positioned in the housing to
transmit or receive signals. A first antenna is supported on the first

25 housing portion and is connected to the circuitry. A parasitic radiator
is supported on the second housing section. The first antenna and the
parasitic radiator coupled when the housing is in the collapsed position
and are not coupled when the housing is in the extended position. The
antenna system has high performance characteristics when the

30  housing is extended during active communication and when the first
antenna and the parasitic radiator are coupled while the housing is
collapsed.

Initially it is noted that those components shown in more than |
35 one drawing figure have the same last two digits in all the drawing



signal frequency of the transceiver when the flap is opep—and _the other one

is tuned to the transceiver circuitry when the flap is M
coupling of the antenna 107 and the parasitic radiator Eﬁ';p: Z\ﬁﬁEFT
M 99gsed

i mproves the characteristics of the antenna system when tbﬁef

such that there is no significant degradation of the an MEnce--
caused by collapsing the radio tel ephone for storage. Consequently,
flap antenna does not inpair the radlo tel ephone’'s 1 0 ability to receive
an incomng call alerting signal, aéi—ﬁg signal or an E-mail si gnal .
According to diguks eHmbeva'ﬁﬂtEihfmmgmﬁdéﬂMhmﬂmsdtdmngafugmchelﬂ , the

espect 1vel v, Eraevett ey Bafs CbRbleldiadit, SRR AR OREL 1
of length F ofcompor#sus in EHgt hhevethdfise digh 2, &t [tdaglso noted taatrthmes i s
appr oxi mat el y QR DAkHstbBea MRYEIE W thePhveRfioh i81AGSYRY in a radio
5 telephone including a flap 103 (FIG. 1), wherein the immediate

invention is particularly advantageous. However, the invention may

also be advantageously employed in other devices, such as one way and

two way radios, or any other communication device employing an

antenna. Accordingly, "device” and "equipment"' as used herein refer

10  to all such devices and their equivalents.

A radio telephone 100 incorporating the invention is illustrated
in FIG. 1. The radio telephone includes a housing 102 including a first
housing portion 101 and a second housing portion 103. In the

15 illustrated embodiment, the first housing portion 101 is a radio
telephone body and the second housing portion is a flap pivotably
connected to the body. The flap 103 moves between an extended
position illustrated in FIG. 1 during an active communication mode
and a collapsed, or closed position, illustrated in FIG. 2, in a standby

20  mode.

The radio telephone body 101 includes a back body housing
section 104 and a front body housing section 105 which are
interconnected to define an interior volume housing electronic

25  circuitry (not shown). A key pad 106 is positioned in body 101 such that
keys 109 (only some of which are numbered) associated with the
keypad are accessible for manual actuation by the user. The illustrated
flap 103 at least partially covers key pad 106 when closed. The flap may
be larger to cover all the keys. The flap prevents actuation of the

30  covered keys 109 when the flap is closed. Additionally, the flap may
place the telephone in a standby mode when closed.

The flap 103 includes a first antenna 107, which is referred to
herein as a flap antenna. The flap antenna is positioned between a
35 front flap housing 111 and a back flap housing section 112, and thus is



operating frequency. The enbodinment of FIG 5 is pr 0] ; : e
555, 556 of arns 534, 536 are further from shoul der 5§§Eﬁg€l‘ﬁﬁ%ﬂg%ﬁ%§ !
755, 756 of the arms 734, 736, if the total length df t{(}e_ 01t MAR21998r e
sane (i.e., if both antennae enbodi nents are quarter Iengthant e

- e

H

tips
0
t he

ls) .

Anot her alternate enbodi nent of the parasitic radiator 808 1s 25
illustrated in FIG 8. Parasitic radiator 808 includes notches 858 in arns
834 and 836. The notches 858 in the arns are provided for positioning the

arnms around outwardly extending protr

ons (not shown) of front housing

section 605. THustratedpiar phantbar iy Fie:sl.r Thedrort fldye andshatk ffap heusingf t he

front housi ng

desirable t hats%?ﬁ%ﬁsg%%ggj 1 %ré‘%gsﬁéjrgﬂéeirﬁﬁ;‘%’pﬁ%‘? isgﬁﬁceﬂ #noa b’s%g,t ?rmm

ant enna per f ormamefactuieid sofi & spidable ol ymiey. The dlapaantesnade saadwidhedi ng of

the parasitic
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Yebbesh the2ReftleS ©The HMp ShieflthT0Y i 35 detengéd g 101
position when the flap 103 is open. The flap antenna is in a collapsed,
or retracted, position when flap 203 (FIG. 2) is closed.

Body 101 includes a parasitic radiator, or second antenna 108.
The parasitic radiator 108 is affixed to the inside of the front housing
section 105, and is thus illustrated in phantom in FIG. 1.

Transceiver circuitry 315 is generally represented in FIG. 3. The
transceiver may be implemented using any suitable conventional
transceiver. The transceiver circuitry 315 is positioned in first housing
portion 301 by conventional means, such as by mounting on a printed
circuit board which is assembled between the front and back body
housing sections 104, 105. The transceiver circuitry 315 is coupled to a
microphone (not shown) and receiver (not shown) positioned in
housing portion 301. The transceiver circuitry is also connected to an
elastomeric connector 316 or other means, which connects to a flex
conductor 317. The flex conductor 317 extends into a hinge assembly
318 including a knuckle 319. As illustrated in FIG. 4, the hinge
assembly 418 also includes a knuckle 420 on flap 403 to engage knuckle
319. The flex conductor 417 is also connected to the first antenna 407
through the hinge assembly 418. The hinge assembly providing the
connection between the flap antenna 407 and the transceiver 315 may
have any suitable construction, such as the hinge disclosed in United
States patent application Serial No. 08/148, 718, filed on 08 November
1993 in the name of Tanya Rush et al., the disclosure of which is
incorporated herein by reference thereto.

Flap antenna 407 (FIG. 4) includes two conductors 423 and 424
mounted on a board 425 such that the antenna is generally E-shaped in
configuration. The flap antenna is manufactured of two thin strips of a
suitable conductor, such as copper. The flap antenna 407 includes a



will detrinmentally affect performance of the antenn A —Hawever, a
di sadvant age of the enbodinment of FIG 8 is the dis REE..M:EMEN?-@?, T 0
855, 856 to shoulder 835 is further shortened by the addition o Eg

not ches. Accordingly it can be seen that an inprove(

| lémeﬂnhaﬂﬂlsl@n i g5

di scl osed for a conmuni cati on devi ce havi ng novabl e Ho8y—sectians
antenna system provi des high performance characteristics when t he antenna
i s opened and when the device is coIIaE sed for ease of storage.

10

15

20

25

30

35

| joinder segment 422 electrically coupling middle finger segments 426

of conductors 423 and 424 with the flex conductor 417. The middle
finger segments 426 include a transmission line transformer 427
providing impedance matching between antenna 407 and the
transceiver circuitry 315 (FIG. 3). A cross member 428 of conductor 423
connects middle finger segment 426 to outer finger 429. The outer
finger 429 extends generally orthogonally from one end of cross
member 428. Conductor 424 similarly includes a middle finger
segment 426 coupled to a cross member 430. Cross member 430
connects the middle finger segment of conductor 424 to an outer finger
431, which extends generally orthogonally to cross member 430.
Elements 432 (only some of which are numbered) extend generally
orthogonally from outer fingers 429 and 431 to provide a capacitive
loading permitting shortening of antenna 407 to facilitate mounting of
the antenna on the flap. A opening 433 which is cut out of each outer
finger 429, 431 is provided to receive respective magnets (not shown).
The magnets actuate read switches (not shown} in the radio telephone
housing 101. The read switches and magnets are not described in
greater detail herein since they do not form a part of the immediate
invention.

The flap antenna 407 is thus a dipole antenna which is thin,
such that it is sandwiched between front housing section 111 and back
housing section 112, to construct a thin flap. The antenna is a half-
wavelength antenna having high performance characteristics when
the flap is open, as illustrated in FIG. 1. The cross members 428 and 430
of conductors 423 and 424 are high current sections of the flap antenna.

A parasitic radiator 508 is illustrated in FIG. 5. The parasitic
radiator is not directly coupled to the feed line 317(FIG. 3), 417 (FIG. 4)
of the flap antenna 407. The parasitic radiator 508 (FIG. 5) is generally
U-shaped in configuration, including arms 534 and 536 extending
generally orthogonally to a shoulder 535. An elbow 537 extends at an
angle of approximately 45° with respect to arm 534 and shoulder 535 to
join these members. An elbow 538 extends at an angle of



11 CLAIMS What is clained: 5 1. A multi-position_antenna system

for a device (100) including a housing (101) having Hﬁmcg%%ﬁ;rrﬁ)%‘,%qj I on
o
b |

(102, 103) and a second housing portion (102, 103) are novi

i nterconnected such that they nove relative to one a 20 qe e

col | apsed position and an extended position, and co calign CITCUITY
(315) 10 positioned in the housing to transmt or receive signhals via the
antenna system the antenna systemconprising: a first antenna (107)
supported in the first housing portion.Zthe first antenna including a feed
line (317, 417ppprokinmatelyetb°twithirespect to arm 536 and shoulder 535 to join

these members. This parasitic radiator is manufactured from any
suitable electrical conductor, such as a thin, flexible copper strip having
an adhesive on one side thereof.

wn

The parasitic radiator is dimensioned according to the
transceiver signal frequency. More particularly, the longitudinal axis of
arm 534 has a length A, the longitudinal axis of elbow 537 has a length
B, the longitudinal axis of shoulder 535 has a length C, the

10  longitudinal axis of elbow 538 has a length D, and the longitudinal axis
of arm 536 has a length E. Lengths A, B, C, D, and E are such that their
sum is equal to approximately one-half the wavelength of the

~ transceiver signal frequency.

15 The parasitic radiator 608 (FIG. 6) according to preferred
embodiment is connected to an inside surface 640 of front housing
section 605. The front housing section includes a planar front 642 and a
sidewall 643. An opposite sidewall 144, which is not shown in FIG. 6
but can be seen in FIG. 1, extends in parallel to sidewall 643. The

20  parasitic radiator 608 is assembled to inside surface 640 of the front
housing section 605 using a suitable adhesive. The parasitic radiator is
flexible such that it conforms to the surface 640 of the front housing
section when attached thereto. More particularly, the shoulder 635 of
parasitic radiator 608 is affixed to the inside surface 640 between two |

25  rows of apertures 660, through which keys 109 (FIG. 1) of keypad 106
project. The shoulder of parasitic radiator 608 is narrow such that it fits
snugly between the rows of apertures without extending into these
apertures to avoid interfererice with the operation of keys 109. Elbow
637 is attached to surface 640 such that it curves from the front wall 642

30  to the side wall 643. Arm 634 is attached to wall 643 using an adhesive
such that it extends along this side wall. Most preferably wall 643 is flat
such that the arm 634 extends in a single plane. Arm 536 and elbow 538
are similarly connected to side wall 144. In this manner, the thin
flexible strip is attached to the inside of the front housing section with



comuni cation circuitry in the coll apsed position, the

tuned to the communication circuitry; and a parasitic r{adiEZRlaCEMEDS)SHEET

supported in the second housing portion, the parasitic {fadiat r] BHBe@o
LcBUpLEUN L0

t he wavel ength of the communication circuitry and not Dat |

the feed line of the first antenna, wherein the parasit

coupled to the first 20 ant enna when the housing is in the coll apsed
position and the parasitic radi ator is not coupled to the first antenna
when the housing is in the extended padition, whereby the parasitic
radi ator is copredeterminétklovations iof 2hé orossimemibiers/428) 430earbisush thatisi ng

2327 o <P o i rROuS R PR vt e s FRMARRSC i
1 wherein the aehicbds bamweﬁwam noe's ax sebtureg 668 and t8)whichathabl y
shoulder 535 of the parasitic radiator is connected when the flap 403 is
closed. Thus, when the flap is closed, the cross members 428, 430 and
the shoulder 535 are aligned and positioned proximate one another, as
represented by the arrow in FIG. 1. The cross members 428, 430 and the
shoulder 535 are spaced by the thickness of the front housing section of

the flap 103 and the front housing section of the body 101.

10 Additionally, the shoulder 535 of the parasitic radiator is inductively
coupled to the cross members 428, 430, which are the high current
portion of the flap antenna. Because shoulder 535 is coupled to cross
members 430 and 428 when the flap is clbsed, the arms 534 and 536
form a second dipole antenna which is parasitically coupled to dipole

15 antenna 407. This coupling is an inductive coupling.

w

In operation, when the flap is open, flap antenna 107 (FIG. 1) is
positioned away from the parasitic radiator 108 and body 101 such that
the antenna has high performance characteristics without interference

20  from the user, circuitry in the body housing 101, or the body housing
101. In this position, the high current sections (cross members 428, 430)
of the flap antenna 107 are remote from shoulder 635 of parasitic
radiator 108, such that the parasitic radiator is not coupled to antenna
107, and is not coupled to the transceiver circuit 315. When the flap is

25 closed, as illustrated in FIG. 2, the flap antenna is moved to a position
proximate the body and the circuitry in housing 101. This causes
decrease in the performance of antenna 107 because body portion 102 is
in the near field volume of the flap antenna. However, the high
current sections 428, 430 of the flap antenna 407 are positioned

30 proximate to shoulder 635, such that the two antennas are parasitically
coupled. The antenna system performance characteristics are thus
affected by both the parasitic radiator 108 and the flap antenna 107 while
the flap is closed. The parasitic radiator is tuned to the communication
signal wavelength of the transceiver circuit 315 when the body is in the

35 near field volume, whereas the flap antenna 107 is tuned to the



i nterconnecting the first and second housing portions and I‘ REPLACS MENT SN
is coupled to the communi cation circuitry through the hin 30 assenbl y.
3. The nulti-position antenna apparatus as defined in aawm.l. marm ______
the first antenna includes two conductors (423, 424) whic !

yiared

on the second housing portion. 35 REPLACEMENT SHEET 12 4. The
mul ti-position antenna apparatus as defined in claim1l wherein the first
antenna is a half wavel ength antenna.
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communication wavelength of transceiver circuitry 315 when the flap
is open. One of the antennas is thus tuned to the communication
signal frequency of the transceiver when the flap is open and the other
one is tuned to the transceiver circuitry when the flap is closed. This
coupling of the antenna 107 and the parasitic radiator 108 significantly
improves the characteristics of the antenna system when the flap is
closed, such that there is no significant degradation of the antenna
performance caused by collapsing the radio telephone for storage. |
Consequently, the flap antenna does not impair the radio telephone's
ability to receive an incoming call alerting signal, a paging signal or an
E-mail signal.

According to an alternate embodiment of the parasitic radiator
708, the elbow 738 and elbow 737 joining arms 734 and arms 736 to base
735, respectively, are ninety degree corners having curved outer edges.
The sum of length F of arm 734, length G of base 735, and length H of
arm 736 is approximately one half the wavelength of the transceiver
operating frequency. The embodiment of FIG. 5 is preferred because the
tips 555, 556 of arms 534, 536 are further from shoulder 535 than the tips
755, 756 of the arms 734, 736, if the total length of the antennas are the
same (i.e., if both antennae embodiments are quarter wavelength
antennas).

Another alternate embodiment of the parasitic radiator 808 is
illustrated in FIG. 8. Parasitic radiator 808 includes notches 858 in arms
834 and 836. The notches 858 in the arms are provided for positioning
the arms around outwardly extending protrusions (not shown) of front
housing section 605. This is particularly desirable if the inside surface
of the front housing section has a large number of protrusions. It is
desirable that the arms 834, 836 extend in a single plane for optimum
antenna performance. This is particularly important since positioning
of the parasitic radiator 508 adjacent the circuitry inside housing 101
will detrimentally affect performance of the antenna system. However,
a disadvantage of the embodiment of FIG. 8 is the distance from tips




5. The multi-position antenna apparatus as defined in_claim@8, .5 __wherein
the parasitic radiator is of a half wavelength. 6. The il tinDast &i
ahtenna apparatus as defined in claiml1, wherein the ﬁ%@t’\tdaht eféhgés]ra
di pol e antenna. 10 7. The antenna system as .;eé,cjtgﬂdl i"ﬂ‘__l __________ 1
wherein the first antenna is connected to the communilcalisn diycuiirycilh
t he extended and col | apsed positions. 8. A multi-position antenna system
for a device (100) 1 5 i ncluding a housing (101) having a first housing
portion (102, 103) and a second housingjgortion (102, 103) which are

novi ngly i nt er853n 886 teehsuider 8BRYs RlreheTBhurterfddaby tiee hdditien afididier bet ween
a col |l apsed pos‘#thgn and an extended position, and circuitry (315)

posi ti oned in TNEWY the first and second housi ng portions to transmt or
receive signals 20 via the antenna system the antenna system conpri sing:

Accordingly it can be seen that an improved antenna system is
5 disclosed for a communication device having movable body sections.
The antenna system provides high performance characteristics when

the antenna is opened and when the device is collapsed for ease of

storage.



“a first antenna (107) supported in the_ second housi ng L‘hﬁ%@*’%“*ﬁ"’@*{ &
antenna coupl ed to -t-he—ecommunicatton circuitry in the [{)55|

in the coll apsed pos e:first antenna i butdeg
conductors (423, 424L|“m mll g |I e two 25  conduct|pr§'® rm-rm Pdnn
t he second housing p ron wano | 8cl udi ng a cross nenber (428, 430)

connecting a mddle finger segnent to an outer finger; and a parasitic

radi ator (108) supported in the first housing portion such that the
parasitic radiator is coupled to the fuﬁt— ant enna when the 30 housing is
in the coll apsed position and the paragiiiAIMBadi ator is not coupled to the
first antenna when the housing is in the extended position.

What is claimed:

S 1. A multi-position antenna system for a device (100)
including a housing (101) having a first housing portion (102, 103) and
a second housing portion (102, 103) which are movingly interconnected
such that they move relative to one another between a collapsed
position and an extended position, and communication circuitry (315)
10 positioned in the housing to transmit or receive signals via the
antenna system, the antenna system comprising:

a first antenna (107) supported in the first housing portion, the
first antenna including a feed line (317, 417) and coupled to the
communication circuitry in the collapsed position, the first antenna

15 tuned to the communication circuitry; and

a parasitic radiator (108) supported in the second housing
portion, the parasitic radiator tuned to the wavelength of the
communication c1rcu1try and not directly coupled to the feed line of
the first antenna, wherein the parasitic radiator is coupled to the first

20 antenna when the housing is in the collapsed position and the parasitic
radiator is not coupled to the first antenna when the housing is in the
extended position, whereby the parasitic radiator is coupled to the
communication circuitry in the first housing section through the first
antenna when the housing is in the collapsed position.

25

2. The muilti-position antenna apparatus as defined in claim
1 wherein the device includes a hinge assembly (318, 418) pivotably
interconnecting the first and second housing portions and the first
antenna is coupled to the communication circuitry through the hinge

30 assembly.

3. The multi-position antenna apparatus as defined in claim
1, wherein the first antenna includes two conductors (423, 424) which

are positioned on the second housing portion.
35
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wherein the parasiti€ radia

e gL

menbers (428, 43

The nul ti-position antenna apparatus as defi ned”l

{]

der (535). 5
s defined in claim?9,

general |y U shaped, i nﬁl UEI ng E%Rdmgm "#EET

Date 791 MAR. 1996, .

anot her when the first and second housing portions are in the collapsed

position whereby the first antenna and t2he parasitic radiator are coupl ed.

10

10

15

20

25

30

s a—

4. The multi-position antenna apparatus as defined in claim 1
wherein the first antenna is a half wavelength antenna.

5. The multi-position antenna apparatus as defined in claim 8,
wherein the parasitic radiator is of a half wavelength.

6. The multi-position antenna apparatus as defined in claim 1,
wherein the first antenna is a dipole antenna.

7. The antenna system as defined in claim 1 wherein the first
antenna is connected to the communication circuitry in the extended
and collapsed positions.

8. A multi-position antenna system for a device (100)
including a housing (101) having a first housing portion (102, 103) and
a second housing portion (102, 103) which are movingly interconnected
such that they move relative to one another between a collapsed
position and an extended position, and circuitry (315) positioned in one
of the first and second housing portions to transmit or receive signals
via the antenna system, the antenna system comprising:

a first antenna (107) supported in the second housing portion,
the first antenna coupled to the communication circuitry in the
extended position and in the collapsed position, wherein the first
antenna includes two conductors (423, 424), and each of the two
conductors is mounted on the second housing portion and including a
cross member (428, 430) connectmg a middle finger segment to an outer
finger; and - :

a parasitic radiator (108) supported in the first housing portion
such that the parasitic radiator is coupled to the first antenna when the
housing is in the collapsed position and the parasitic radiator is not
coupled to the first antenna when the housing is in the extended

~ position.

» and the" shoul der: (535) are positioned-proximte one .
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13
9. The multi-position antenna apparatus as defined in claim
8, wherein the parasitic radiator is generally U shaped, including two

arms (555, 556) projecting from a shoulder (535).

10.  The multi-position antenna apparatus as defined in claim
9, wherein the cross members (428, 430) and the shoulder (535) are
positioned proximate one another when the first and second housing
portions are in the collapsed position whereby the first antenna and the
parasitic radiator are coupled.

W

10
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METHOD AND APPARATUS FOR MULTI-POSITION ANTENNA
Abstract of the Disclosure
An antenna system includes a first antenna (107) positioned on a

first device housing portion (103) and a parasitic radiator (108)
positioned on a second device housing (102). The housings move
relative to one another to collapse the device during a standby mode
and extend the device during an active communication mode. The
first antenna (107) and the parasitic radiator (108) are positioned on
their respective housings such that they are parasitically coupled when
the housings are collapsed and are not coupled when the housings are
extended.

Fiqure 1



