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MULTI-COMPONENT ANTENNA AND METHOD THEREFOR

Field 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

15  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,

20  wherein the device is collapsed for storage, and an active |

- communication configuration, wherein the antenna is extended
for optimum performance.

For radio telephones and two-way radios, it is typically
25  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 telefahones 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
30 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. It is desirable for the
antenna to be positioned away from the user's body since the
user's body is a ground plane that interferes with radio
-1 -
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5 for active communication, an-antenna with optimum active
mode operation is provided in a readily storable device.

A difficulty encountered with such reconfigurable

communication devices is providing a high performance

10 antenna in the standby mode. For example, radio telephones
are known that receive paging signals, electronic mail, and call
alerting signals in the standby mode. However, the body of the
device, including the internal electronic circuitry within the
body, is typically in the reactive near-field of the antenna in

15 the storage position. This mass in the reactive near-field
degrades performance of the antenna, which is detrimental to
signal reception in the standby mode.

An example of a radio communication device including a
20 multi-position antenna is a radio telephone including a body
and cover, wherein the cover includes an antenna mounted
thereon. When closed, the cover covers the radio telephone
keypad and provides a compact housing. When the cover is
opened, the cover antenna is spaced from the telephone body
25  which the ‘user holds. Although the cover antenna performs
very well when the cover is open, the proximity of the radio
telephone body in the closed cover position interferes with the
operation of the antenna in the collapsed standby mode.

30 Accordingly, it is desirable to provide an antenna system
having high performance characteristics when the
communication device is extended in an active communication
mode and when the communication device is collapsed in a
standby mode of operation..
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Brief Description of tl%e Drawings

'FIG. 1 is a front perspective view illustrating a radio
5 telephone in an extended, or open position, housing
configuration;

FIG. 2 is a front perspective view illustrating the radio
telephone according to FIG. 1 in a collapsed, or closed position,
10 housing configuration;

FIG. 3 is an exploded view illustrating the front housing,
the radio frequency (RF) printed circuit board, logic printed
circuit board, and rear housing of the radio telephone according

15 to FIG. 1;

_ FIG. 4 is a fragmentary view illustrating schematically
the interior radio telephone according to FIG. 1 and a
transceiver;
20
FIG. 5 is a fragmentary exploded view illustrating the
cover housing sections and the cover antenna;

FIG. 6 is side elevational view of a radio telephone
25  schematically illustrating the reactive near-field of the cover
antenna in the open and closed positions of the cover; '

FIG. 7 is a top plan view illustrating a multi-component
cover antenna; | '
30
FIG. 8 is a top plan view illustrating an alternate
embodiment of the muiti-component cover antenna;
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including the internal electronic circuitry within the ,
FIG. 10 is a top plan view illustrating an alternate
5 embodiment of the multi-component cover antenna;

FIG. 11 illustrates return loss versus frequency for cover
antenna 107 when the cover is extended; and

10 FIG. 12 illustrates return loss versus frequency for cover
antenna 107 when the cover is collapsed as shown in FIG. 2.

Detailed Description of the Preferred Embodiments

15 A radio communication device includes radio frequency
circuitry positioned in the first housing portion. A second
housing portion is movably supported on the first housing
portion to move between an extended position and a collapsed

_ position, the second hbusing portion projecting outwardly from

20  the first housing portion in the open position. An antenna is
positioned in the second housing portion, the antenna includes a
first component having a first tuning characteristic and a
second component having a second tuning characteristic. The
second antenna component is tuned for a preferred

25  characteristic when the radio telephone is collapsed and the
first antenna is tuned to the preferred characteristic when the
'antenna is extended. .

The antenna system according to the invention is

30  illustrated in a radio telephone 100 (FIG. 1) including a cover,

' 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, personal
communication devices, or any other radio communication
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body, is typically in the reactive near-field of the anten
storage position. This mass in the reactive near-field
performance of the antenna, which is detrinental to

in the standby node. An exanpl e of a radio 22%t

I ncluding a 20 mul ti-position antenna is a radio tel ephone |nclud|n%~
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t her eon. Wen closed t he cover covers the radio tel ephone keypad and
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5 . telephone includes a housing 102. The housing 102 includes a
first housing portion 101 and a second housing portion 103. In
the illustrated embodiment, the first housing portion 101 is a
radio telephone body and the second housing portion 103 is a
cover pivotably connected to the first housing portion. Second
10  housing portion 103 moves by rotation between an extended
configuration, illustrated in FIG. 1, during an active
communication mode, and a collapsed, or closed, configuration,
' jllustrated in FIG. 2, in a standby mode.

- 15 The first housing portion 101 includes a back body

housing section 104 (FIG. 3) and a front body housing section
105 which are interconnected to define an interior volume
housing electronic circuitry, including logic printed circuit board
314 and RF circuit board 315. A keypad 106 is positioned on

20 front body housing section 105 such that keys 109 (only somte
of which are numbered) associated with the keypad are
accessible for manual actuation by the user. The keys 109 are
actuated manually to close popple switches 321 (only some of
which are numbered).

25 _

The second housing portion 103 includes an antenna 107,
referred to herein as a cover antenna, which is a diversity
antenna with mast antenna 110. The cover antenna 107 is
positioned between a front cover housing section 111 (FIG. 5)

30 and a back cover housing section 112 (and thus is illustrated in
phantom in FIG. 1). The front cover hbusing section 111 and
back cover housing section 112 are generally planar members,
which are manufactured of a suitable dielectric material, such
as an organic polymer. The back cover housing section 112

-5 -
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30 Accordingly, it is desirable to provide an antenna system

havi ng hi gh perfornmance characteristics when the cgﬁm@%ﬁlﬁ%ﬁ ;

Fs extended in an active comrunication node and wh
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device is collapsed in a standby node of operatior

includes a recess 419 for receipt of cover antenna 107 and front
cover housing section 111. The cover antenna 107 is
sandwiched between these cover housing sections when. the
cover is fully assembled. The cover housing portion is ,

5 assembled by connecting the front cover housing section 111 to
the back cover housing section 112 using an adhesive or
fastener. '

The cover antenna 107 is in an extended position when
10 the second housing portion 103 is open as illustrated in FIG. 1.
The cover antenna 107 is in a collapsed, or retracted, position
~ when second housing portion 103 is closed (FIG, 2). The second
housing portion 103 (FIG. 2) is a cover that at least partially
covers keypad 106 when closed. The cover may be longer to
15 cover all the keys. The second housing portion 103 prevents
actuation of keys 109 covered thereby when the second
housing portion is closed. Additionally, the second housing
portion can place the radio telephone 100 in a standby mode
when closed.
20 _ . _
Transceiver circuitry 515 is generally represented in FIGs.
3 and 4. The transceiver circuitry 515 is supported on RF
circuit board 315 (FIG. 3), and may be implemented using any.
suitable conventional transceiver. The transceiver circuitry 515
25 is assembled to RF circuit board 315 by conventional means. RF
circuit board 315 and logic printed circuit board 314 are
mounted between the front and back body housing sections 104
and 105 by any suitable means. The circuitry in radio
telephone 100 includes a microphone (not shown) and receiver
30 (not shown) positioned in first housing portion 101.

The transceiver circuitry 515 (FIG. 4) is connected to an
elastomeric connector 516 which connects to a flex conductor,

-6 -
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Brief Description of the Draw ngs FI G llsafronf
perspective view illustrating a radio 5 t el ephone [m q_@@gjgggn
6pen position, housing configuration; %EEEACEDG‘ fr
perspective viewillustrating the radio t el epho

in a collapsed, or closed position, 10 housi ng confi'gurati on;

FIG 3 is an exploded viewillustrating the front housing, CEOMORBOQ
frequency (RF) pri nt ed circuit board, logic printed circuit board,

and rear hou3|§1g s&ﬁﬁsfo@ld'lﬂl U?Fhoﬁea?fa sﬂhgﬁoﬁ‘r’ 1]net°5'f'76ext]ends

FIG 4 is afr VIEWI ratin
1nto a hlnge assembly 518, inc udmg a knuckle 519.

With reference to FIG. 1, the hinge assembly 518 provides -
5 the connection between the second housing portion 103 and the
first housing portion 101. The hinge assembly may have any
- suitable construction, such as the hinge disclosed in United
States patent application Serial No. 08/148,718, filed on 8
November 1993 in the name of Tanya Rush et al., the disclosure
10 of which is incorporated herein by reference thereto.

Cover antenna 107 (FIG. 7) is connected to transmission
line 517. The cover antenna includes a first component 640
and a second component 647, both of which are embedded in
15 dielectric body 625. The back of the dielectric body 625 has an
adhesive (not shown) applied thereto. The adhesive is utilized
to- attach the dielectric body 625 to the back cover housing
section 112 (FIG. 5).

20 ' As used herein, a component is one or more conductors
tuned to a particular frequency. The first component 640
includes dipole arms 648 and 649 which are tuned the same.
The second component 647 includes section 643 which is tuned
differently from dipole arms 648 and 649, such that it is a

25 second component.

Dipole arms 648 (FIG. 7) and 649 are manufactured of
two, respective, thin strips of a suitable conductor, such as
copper, copper alloy, aluminum alloy, or the like, embedded in

30  dielectric body 625. Dipole arms 648 and 649 are positioned on
opposite sides of longitudinal center axis Al of second housing
portion 103. The transmission line 517 is connected to the
dipole arms 648 and 649 via an impedance transformer 627.
The impedance transformer -includes first, second and third
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the interior radio tel ephone according to FIG 1 and a ==t a“ 'B%%N;
20 ' FIG 5 is a fragnentary expl oded view il 88 c{%e
eover housing sections and the cover antenna, ' '
el evational view of a radio tel ephone 25 schematically illustrating the
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reactive near-field of the cover antenna in the open and cl osed
posi tions of the cover; FIG 7 is a top plan viewGCEQIO8ORRMy
a multi-conponent cover antenna; 30 FIG 8 is a top plan

‘é'ntegn'n;' ust r atiiafafmat L RICHNG 623, 62POsHdEER4.0f Rifg Ridrisfofmeponent cover

’ section 623 is connected to transmission line 517 at junction
630. Third transformer section 624 is connected to dipole arm
649 at junction 631, and connected to dipole arm 648 at

5 junction 632. Impedance transformer 627 provides impedance

matching between dipole arms 648 and 649 and the
transmission line 517. Dipole arm 648 includes a high current
section 641 and a generally orthogonal extending folded section
633. Dipole arm 649 similarly includes a high current section

10 642 and a generally orthogonally extending folded section 634.

) An opening 533 is cut out of each of the folded sections
633 and 634. Opening 533 is provided to receive respective
‘magnets (not shown). The magnets actuate reed switches (not

15 shown) in the first housing portion 101 to change the radio
telephone 100 between a standby mode and an active

~communication mode. The read switches and magnets are not
described in greater detail herein since they do not form a part
of the immediate invention.

20 |

The cover antenna 107 (FIG. 7) includes a second
component 647, which includes a section 643 embedded in
dielectric body 625. Section 643 is manufactured of a suitable
thin electrical conductor such as copper, copper alloy,

25 aluminum, an aluminum alloy, or the like. .High current sections
641 and 642 of dipole arms 648 and 649 are tightly,
inductively coupled to section 643 such that second component
647 is a passive antenna component. Tails 644 and 645 extend
outwardly from opposite ends of section 643 in a serpentine

30 pattern. Second component 647 is tuned to a different
frequency than dipole arms 648 and 649.-

The cover antenna 107 has a reactive near-field volume A
(FIG. 6) in the extended position and a reactive near-field
. . 8.
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volume B in the closed, or collapsed, position. Those skilled in
the art will recognize that the dielectric constant of the near-
field volume, or space, affects the performance of an antenna.
Consequently, an antenna tuned to one frequency in a near-

5 field volume having one dielectric constant will not be tuned in
a near-field volume having another dielectric constant. The
dielectric constant of the near-field volume in the open position
approaches, or is approximately, 1, since it is predominantly air.
The dielectric constant of the near-field space in the closed

10  position is significantly different from that of air because of the
substantial presenée of first housing portion 101 and the
_ circuitry therein. Consequently, an antenna properly tuned for
the transceiver signal frequency in the open position of second
housing portion 103 will not be properly tuned in the closed
15 position of second housing portion 103, and consequently,
performance is degraded in the closed position.

Dipole arms 648 (FIG. 7) and 649 are tuned to the
operating frequency (shown as 800 MHz in FIGs. 11 and 12) of
20  the transceiver circuitry 515 when the cover is open, and the
predominance of the reactive near-field is air. This is
represented by the return loss peak at 800 MHz in FIG. 11. The
second component 647 return loss peak occurs at 900 MHz. The
second component is tuned to the operating frequency of the
25 transceiver -circuitry 515, when the cover is closed, and the first
housing portion 101 of the radio telephone 100 is substantially
positioned in the reactive near-field space of the cover antenna
107. This is represented by the return loss peak at 800 MHz
for second component 647 when the cover is closed in FIG. 12.
30 The return loss peak for first component 640 when the second
housing portion 103 is closed is 700 MHz. The presence of the
component which is not tuned to the operating frequency of the
transceiver circuitry 515 does not affect performance of the
transceiver since signals outside the operating frequency range
-9 -
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FIG 11 illustrates return |loss versus frequency for cover antenna_107

when the cover is extended; and 10 FIG 12 iffFastirates SN

| oss versus frequency for cover antenna 107 whenl} tTHS Sk FH,.

col | apsed as shown in FIG 2. Detail ed Desciipti ,mrﬁ'c‘
Preferred Enbodi nents 15 A radi o communi catron device includes
radi o frequency circuitry positioned in the first housi ng @BO108ORPO1
second housi ng portion is novably supported on the first housing

portion to nove DeiNeRy Ay ekt CRARskd98E. | TheliSe SofC o RBRDonents
tuned respectively for the closed and open positions insures
that the antenna is tuned for a predetermined, preferred,
characteristic, which is the operating frequency of the
5 transceiver, when the second housing portion 103 is opén
(extended) and when the second housing portion is closed
(collapsed).

Thus it can be seen that the cover antenna 107 is a dipole

10 antenna which is thin, being sandwiched between front cover
housing section 111 (FIG. 5) and back cover housing section
112, to consiruct a thin cover. The high current sections 641
(FIG. 7) and 642, of the dipole arms 648 and 649, are the high
current sections of the cover antenna. The performance of the

15 antenna is enhanced by the positioning of the high current
-sections 641 and 642, of the dipole arms 648 and 649, remote
from hinge assembly 518 in the extended position of FIG. 1.
Additioﬂally, -in the illustrated embodiment, the antenna is a
half-wavelength antenna, although it could be a quarter-

20 wavelength, or any integer multiple thereof.

Cover antenna 750 according to an alternate embodiment
is illustrated in FIG. 8. Impedance transformer 727 connects a
first component 749 to transmission line 517. The transformer
25 includes a single transformer section 724, which is an alternate
for the three section transformer of FIG. 7. FIG. 8 illustrates a
1.5 GHz antenna. '

Cover antenna 750 includes a first component 749
30 including dipole arms 751 and 752 on opposite sides of center
axis Al. Dipole arm 751 includes high current section 741 and
folded section 733. Dipole arm 752 includes high current
section 742 and folded section 734. Plates 738 and 739 extend

-10 -
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position, the second housing portion projecting outwa
first housing portion in the open position. An antenna
in the second housing portion, the antenna includes a
having a first tuning characteristic and a Secont—LorEaRe AR
second tuning characteristic. The second ant enna conponent I's tuned
for a preferred 25 characteristic when the radi o tel ephone i SCEQIOSORPO1
and the first antenna is tuned to the preferred characteristic when

the antenrﬁogg fﬁlﬂ(ﬁn@@?uons 733 and 7 4The'l‘ﬁé'pﬁﬁ @i'ﬂv%‘l?%ﬂd”g to

the invention i'§ rated o te ne 10 éFIG 1)
i ncl udi ng a covhe, dipole gyas eﬁonshﬂ@enn?@dl eRgLh | BO8i cul arly

advant ageous. However, the invention may al so be advant ageousl y
ggP Lg%;d 'n ot hFl;e dcea/\}ecreaslhtesnlﬁ%ha o Includey angecto\’\tﬁl m%p@nenqs 748
5 including plates 736 and 737 extending from a joinder section
753. Plates 737 and 736 are tightly, capacitively, coupled to
plates 739 on dipole arms 751 and 752. The second component
748 is a passive antenna tuned to the operating frequency of
the transceiver circuitry 515 when the second housing portion
10 103 is closed. Dipole arms 751 and 752 are tuned to the
operating frequency of the transceiver when the first housing
~ portion 101 is not in the reactive near-field of cover antenna
750.

15 The antenna components are manufactured of a suitable
thin, electrically conductive material, such as copper, copper
alloy, aluminum, aluminum alloy, or the like, embedded in
dielectric body 625. These dipole arms are tuned to the
transceiver circuitry 515 for the open position of second

20  housing portion 103, illustrated in FIG. 1. First component 749
is tuned to the transceiver circuitry 515 when the second
housing portion is open and second component 748 is tuned to
the transceiver circuitry 515 for the closed position of the
second housing portion 103, illustrated in FIG. 2. Although the

25 components are illustrated for use with a transceiver operating
at 1.5 Ghz, those skilled in the art will recognize that antennas
could be tuned to other frequencies by changing the length
and/or shape thereof.

30 Another cover antenna 860 is illustrated in FIG. 9.
Antenna 860 includes a first antenna component 859 and a
second antenna component 858. First component 859 includes
dipole arms 861 and 862, which are sections of the first
component that are positioned on opposite sides of longitudinal

///_-11-
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axis Al. Second component 858 includes second component
dipole arms 863 and 864 positioned on opposite sides of the
longitudinal axis Al. Component dipole arms 861 and 862 are
connected to second component dipole arms 863 and 864 by
conductors 865 and 866.

The antenna components are manufactured of a suitable
thin, electrically conductive material, such as copper, copper
alloy, aluminum, aluminum alloy, or the like, embedded in
dielectric body 625. First component 859 dipole arms 861 and
862 are tuned to the operating frequency of transceiver

_ circuitry 515 when the second housing portion 103 is open, as

illustrated in FIG. 1. Second component 858 dipole arms 863
and 864 are tuned to the operating frequency of transceiver
circuitry 515 when the second housing portion 103 is
illustrated in FIG. 2.

Aﬂother cover antenna 970 is illustrated in FIG. 10. Cover

- antenna 970 includes a first antenna component 969 and a

second antenna component 968. The first antenna component
comprises dipole arms 971 and 972, which are sections of the
first component that are positioned on opposite sides of
longitudinal axis Al. These arms are connected to transmission
line 517 via impedance transformer 627. The second antenna
component 968 includes component dipole arms 973 and 974

~ on opposite sides of longitudinal axis Al. Conductors 975 and

976 are connected to arms 974 and 973, respectively, and
connect to dipole arms 971 and 972 at junction 632 and 631,
respectively. Conductors 976 and 975 cross, but are not
electrically connected.

The antenna components 969 and 968 are manufactured
of a suitable thin, electrically conductive material, such as
copper, copper alloy, aluminum, aluminum alloy, or the like,

- -12 -
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first housing portion_101 and a. second housi ng portion 103. In . the
illustrated enbodi ne he first housi'ng. portion J Isaa '
[iﬁ Ptio HIS i"é%ETc_U%rBEEN

tel ephone body and th dportion 103 i g _ _

pi vot ably connect ed to n sing portion. e cﬁBu3|ng
portion. 103 noves by en ‘an extended confrgura
illustrated in FIG 1, during an active comuni cati on nndgggygggRPOI
col | apsed, or closed conflguratlon illustrated in FIG 2, in a

standby mode. i, el Hodi9510 DAL allnd S N6l 95 rback

body hou5|ng se and a ou5|ng seciron
105 whi ch ar e tpedr &nﬂ@cmrmngefnm@eaﬁyl of etheotransicgieer circuiysi ng

electroni  ci 518 twien | el gée&ngM§ngt1; 0103=qbt QAR as ﬁlﬁsﬁgg RF
section 105 sdistntad ByEIGod . ( JHHPIS arans 973" and 74 1A bngdirber
associ at ed wi tdperatinge yrmpieacs of the transceiver circuitry 515 when the
second housing portion is closed as illustrated in FIG. 2. By
crossing conductors 975 and 976, the impedance of the system
is altered relative to that of cover antenna 860 in FIG. 9.

; ]
——

10 The connected components of cover antennas 860 (FIG. 9)
and 970 (FIG. 10) have the same effect as the inductively and
. capacitively coupled components of cover antennas 107 (FIG. 7)
and 750 (FIG. 8). Signals detected by the component which is
not tuned to the operating frequency of transceiver circuitry
15 515 (FIG. 4) are attenuated by filtering in the transceiver. The
antenna component tuned to the operating frequency will
detect the desired signals. Accordingly, cover antennas 860 and
970 operate as desired when the second housing portion 103 is
extended or collapsed. |
20 _ ,
The components of cover antennas 107 (FIG. 7) and 750
(FIG. 8) are preferably tightly coupled to maximize energy
transfer from the second components 647 (FIG. 7) and 748 (FIG.
8) to the dipole arms 648 (FIG. 7) and 649 and 741 (FIG. 8) and
25 742, when the second housing portion 103 is closed.
Additionally, those skilled in the art will recognize that either
the crossed conductors 975, 976 (FIG. 10) of cover antenna 970,
or the uncrossed conductors 865, 866 (FIG. 9) of cover antenna
860, will be selected to minimize interaction between the first
30 and second antenna components.

Thus it can be seen that an antenna is disclosed for a
movable housing portion which is tuned to the frequency of the
transceiver circuitry in both an extended and a collapsed
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accessi ble for manual act uat| on by the user .

manual |y to cl ose popple gegh sorre of THIS GHEEhHABSBEEN
‘nunbered). 25 ng portion Jl03 i MEPLAGEDan anflenna
107, referred to herel ntenna, which 1s a di ve?ﬁ’FF-

antenna with nmast antenna 110. The cover antenna 107 is posi tioned
between a front cover housing section 111 (FIG 5) 30 and aOERKIGREO]
housi ng section 112 (and thus is illustrated in phantomin FIG 1).

The front cov SIH@ﬁS| Whéeﬁﬁ!e(hﬁlalisl thd§ tuned Fof Kop@iRim hperfonmanest i on 112
ufac ured of,,a suitable

1y
girgl gg{l(rairg mﬂ‘ﬁ %gﬂns ' By, 80, W‘Hpéaﬂl ag‘g?%r e ONeTHLck cover

housi ng sectlperfdn_ﬂxﬂance of a communication device incorporating the
antenna is improved by the improvement in the antenna‘s
5 performance.
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cover housing section 111. The cover antenna 107 is
bet ween these cover housing settions when the _ |
assenbl ed. The coVies Sheatii Bgn Rlakdqon i s 5 assenbl-eet—y—correttg =t

o e I e B
107 is in an extended p en | :
ceams ANV

We claim.

5 1. A radio communication device, comprising:
a first housing portion (101);
radio frequency - circuitry (515) positioned in the first
housing portion; :
a second housing portion (103) movably supported on the
10  first housing portion to move between an extended position and
a collapsed positibn, the second housing portion projecting
outwardly from the first housing portion in the extended
" position; and
an antenna (107, 750, 860, 970) positioned in the second
15  housing portion, the antenna including a first component (640,
749, 859, 969) having a first tuning characteristic and a second
component (647, 748, 858, 968) having a second tuning
characteristic, wherein the second component is tuned for a
preferred characteristic when the second housing portion is in
20  the collapsed position and the first component is. tuned to the
preferred characteristic when the second housing portion is in
the extended position.

2. The radio communication device as defined in
25 claim 1, wherein the first component includes at least one first
plate (739) and the second component (737) includes at least
one second plate, and wherein the at least one first plate and
the at least one second plate are capacitively coupled.

30 3. The radio communication device as defined in
claim 1 wherein the second housing portion has a longitudinal
axis (Al), and the first component includes first (861, 971) and
sections (862, 972) sections and the second component includes
first (863, 973) and second (864, 974) sections, wherein the

-15 -



10 the second housing portion 103 is open as illustrated in FIG 1.

The cover antenna 107 is in—a—<eel-apsed, or retracted g
second housing portion 103 i mf!osedli FIG 2). The sefo SSHEET"P Rﬁﬁ%

portion 103 (FIG 2) is a co lﬂﬂ,’,ﬁ partiallly REPLACK ers

keypad 106 when cl osed. The er to 15 cover al1 The . keys.
The second housing portion 103 prevents * actuation of keySEDA986RROEd
t her eby when the second housi ng portion is closed. Additionally, the

second housi Ng;eg secti ' ggoﬂﬁecﬁ?sﬂ%ﬁﬁ?pdﬂéﬂrt];%ietll \C/tggetxl?értggf’f{rlé@g%% QP@ st andby

node when ¢ @é}
general |y repS@s RPMRpOReRs are on ong gide O the lopgiuy Hﬁ)e?x’cﬁ PBEl try 515
i's supported gqRe Fﬂécond seStion Ubfl theafiest3¢dmiponent Jand ahd seyorde seostibament ed

bl |
ciroui try 515985the seEqud FAPERREHL HBe b CBIGREY Hide 06 WY RRIBIRRN

means. RF5 axis.

4, The radio communication device as defined in
claim 3, wherein the first section (861) of the first component is
coupled to the first section (863) of the second component, and

10  the second section (862) of the first component is coupled to the
second section (864) of the second component.

5. The radio communication device as defined in
claim 3 wherein the first section (971) of the first component is
15 connected to the second section (974) of the second component
and the second section (972) of the first component is
connected to the first section (973) of the second component.

6. The radio c.ommunicatidn device as defined in
20 claim 1, wherein the second housing portion is a cover (103)
including front (111) and back (112) hbusing sections and the
antenna is sandwiched between the front and back housing
sections.

25 7.  The radio communication device as defined in
claim 6, wherein the radio communication device is a radio
telephone (100).

8. The radio communication device as defined in
30 claim 7, wherein the first housing portion includes a keypad
(106), and the cover (103) covers at least a portion of the
keypad in the collapsed position. '

'\
This Sheet Has Been: Re
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circuit board 315 and logic printed circuit board 314 are nount ed

between the front and back body housing sections 104 and 105 by any
sui tabl e neans. The circuitry in radio t el ephone 100 i ncludes a

m crophone (not shown) and receiver 30 (not shown) positioned in first
housi ng portion 101. The trans@ggiver circuitry 515 (FIG 4) is
connected to an el astoneric connector 516 which connects to a flex
conduct or,

110_—100
o /(/, \ ‘“““g ‘.MMA | ‘/,,.

L—105

101—

103
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15 dielectric body 625. The back of the dielectric body 625 has an
adhesi ve (not shown) applied thereto. The adhesive is utilized
attach the dielectric body 625 to the back cover
(FIG-5). 20

to
housi ng section 112
As used herein, a conponent is one or nore conductors
tuned to a particular frequency. The fir conponent 640 I ncl udes
di pol e ‘arnms 648 and 649 which are tuned t'he sane. The s Pnd conponent
647 includes section ﬁ/{G‘h ?ﬁuned 5di fferently frogHidipol e arms
648 and 649, such t a*?2 second onponent Di pol e
arms 648 (FI G are manufAct ur ' thin
strips of a sui nducC ; ch as al | | um num
al l oy, or the [i edded in 3 dielectric bo 'pol$ 648
and 649 are pogiit BgESE on TRANSCEIVER
= CIRCUITRY 1
= C—— ——
h J517ILLIJIULLL|'ITIIILIIIIIL[II E: :
EL ENRNAEERERDI R Ig YWY — —— -
N O Y
==
/" - 519
518




opposite sides of longitudinal center axis Al of second housing

portion 103. The transm ssion l'ine 517 is connected to the di pol e arns
648 and 649 via an inpedance transformer 627. The i nmpedance :
transforner includes first, second and third

8 transforner sections 623, 628 a 624. First transfornmer

section 623 is connected to transm ssion Ffne 517 at junction

TO
TRANSCEIVER
CIRCUITRY
517 515




630. Third transfornmer section 624 is connected to dipole arm 649 at
junction 631, and connected to dipole arm648 at b5 junction 632.
lsmpedance transformer 627 provides inpedance . mat chi ng between di pol e
arnms 648 and 649 and the transm ssion |line 517. Dipole arm 648

- includes a high .current ction 64 nd a generally orthogonal
extendi ng fol ded sectio %& D pol €farm 6%3%& mlarly includes a high
current section 10 __647ZY¢nd a gene ar#hog 1y extﬁ)tbdi ng fol ded
section 634. \r—opening-—533 \,‘ out of “4acff the fol ded
sections 6H3..and 634V 0beni o533 1S nroNi to receive respective
magnets (not shifwes——Fae=paghet s Laet=ate—s ”JI sw tches (not 15 shown) in
the first hougj [ pPortiomr ol to[Eanuc _tNe HRd t el ephone 100

between a st fFroae oo rJAcr Ve conodat i on node. The read

] 8

swi t ches and/alfIeTSAre noi 798 —=escrinod | oreater detail herein since
t hey do not f\Q ‘ /34

TO
TRANSCEIVER
CIRCUITRY

517 515

FIG.9



of the immedi ate invention. 20 The cover antenna 107 (FIG 7)

I ncl udes a second conponent 647, which includes a section 643 enbedded
in di el ectric body 625. Section 643 is nmanufactured of a suitable

thin electrical conductor such as copper, copper alloy, 25 al um num an
al um num all oy, or the like. H gh curre sections 641 and 642 of

di pole arns 648 and 649 are tightly, I nductively coupled to section
643 such that second conponent 647 is a passive antenna conponent.
Tails 644 and 645 extend outwardly from opposite ends of section 643
In a serpentine 30 pattern. Second conponent 647 is tuned to a different
frequency than dipole arns 648 and 649. The cover antenna 107
has a reactive near-field volume A | (FIG 6) in the extended position

and a reactive near-field

TO
TRANSCEIVER
CIRCUITRY
517 515

FIG.70



9 volune B in the closed, or collapsed, position. Those skilled in
the art will recognize that the dielectric constant of the near- field
volune, or space, affects the performance of an antenna. Consequent |y,
an antenna tuned to one frequency in a near- 5 field volunme havi ng one
dielectric constant will not be tuned i? a near-field vol ume having
anot her dielectric constant. The di'él ectric constant of the near-field
vol une in the open position

RETURN
LS)
%0 %0 X0 4o 0 ew 70 &0 o FEQ
{mHz)
IT6G.77
RETURN
LLS(S)
l|F| 1 | | ' fTT|ﬁ| | l | Il
100 200 300 400 60 700 80 90 'R



approaches, or is approximately, 1, since it is predom nantl
The dielectric constant of the near-field space in the

presence of first housing portion 101 and the ci rfiui L—t-hese St
Consequently, an antenna pr.operly tuned for t he transcei ver 5| gnal
frequency in the open position of second housi ng portion 103 w |l not

be properly tuned in the closed 15 p05|t|on of second housi ng portlon
103, and consaVH!TI- . ) C YRR

Di pol e arns 648 I 649 aretune tot e operatlngfrequency
(shown as 800 MHz in FIGs. 11 and 12) of 20 the transceiver circuitry 515
when the cover is open, andAlstract ofr ethrern Pdsclosafret he reactive

near-field is air. This is represented by the return |oss peak at 800
MHz in FIG 11. The second conponent_ 647 return | oss peak occurs at
900 MHz. SThe A radio communication device a first housing portion

(101) and second housing portion (103). The second housing
portion is movably supported on the first housing portion to
move between an extended position and a collapsed position.
The second housing portion projects outwardly from the first

10  housing portion in the open position. An antenna (107) is
positioned in the second housing portion, the antenna includes a

_ first component (640, 749, 859,.' 969) having a first tuning

characteristic and a second component (647, 748, 858, 968)
having a second tuning characteristic. One of the antenna

15 components is tuned for a preferred characteristic when the
radio telephone is collapsed and the other of the antenna
components is tuned to the preferred characteristic when the
antenna is extended.

Thls Sheet Has Been Repl
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sécohd corrponenf is tuned to the operating fre ucng,.@,ﬁiﬁ@l\zgSHEEfs
. It ‘ .
TP B

. . : SG
transceiver circuitry 515, when the cover is clfo ad 31 1o pased H«
hausi.ng portiaon 101 of the radio tel ephone 100 |i Al ':g,g%ay T440 ;ai. A

posi tiaoned n the reagtivenedeeti el d space of it e cover anté a0
This is rep7@§éﬁ&%?%£%ﬁa?g§ﬁ?ﬁ | odsl's- peak at {8067 ”1%"\3??% e dRES q
component 647 ‘when the cover is closed in FIG [2?36aatThe FRgRdsn G £aged -
‘peak for fi bg{mcoﬂt%lﬁeht 640 when the second housi ng -porti'ﬂggj}%aﬁé .
closed is 700 MHz. The presence of the -~ CONPDAEE! ORMREGEIRT nbt..-f: '
Ver Uty B1h does not

to the operating fr ciu ngy..of _th S
: THEREFL

’ %’.‘gf"”" i

af fect perforna
_operati ng frequency range:

~ Field 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 cdupled to an antenna which emits. and/or
detects radio frequency signals. The device may include a
_ microphone for inputting audio signals to a tf_ansmit_ter or a
15  speaker _for outputting signals received by a receiver. Examples
| of such radio communication devices include one way radios,
‘two way radios, _radié telephones, personal communication
devices, and a variety of other equipment. These _
| communication devices typically have a standby configuration,
- 20  wherein the device is collapsed for storage, and an active
" communication configuration, wherein the antenna is extended
for o_pfimum performance. ' |

For_ radio telephones and two-way. radios, it is typically
- 25  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
30 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. It is desirable for the
antenna to be positioned away from the user's body since the
“ user's body is a ground plane that interferes with' radio "




Ehaand

o
sheed .

10 are filtered by the transceiver. The use orﬁvsws f
tuned respectively for the closed and open positi ol that the. .
antenna is tuned for a predeterm ned, preferred, - gﬂprqg 39 %IIC

which is the operatlng frequency of the 5 transcelv% he second
housi ng portion 103 is open (extended) and when the second housi hg
portion is closed (col I apsed) .- ' - . Thus it can be seen t hat

the cover antenna 107 is a dipole 10 - antenna which is thin, "being -
sandwi ched bet \fmque‘ncgmslglmlereceptlomouﬂneg [ment:uhnlﬂleffed-’ti@ Wiy aofi back

cover: housi ng i)%%ltl&ﬁng the antenna away from the user's body is to extend '
the antenna away from the device body during use. By
prov1d1_ng an antenna which collapses for storage and extends
5 for active communication, an-antenna with ‘optimum active
- mode operation is provided in a readily storable device. -

A difficulty encountered with such recbnfigufable

communication devices is providing a high performance |

10 antenna in the standby mode. For example, radio telephones
are known that receive paging signals, electronlc mail, and call
" alerting s1gnals in the standby mode. However, the body of the
device, mcludmg the internal electromc c1rcu1try within the
body, is typically in the reactive near-field of __the antenna in

15  the storage position. This mass in the reactive near-field

- degrades performance of ‘the antenna which is detnmental to
signal reception in the standby mode.

_ "An example of a radio communication device including a
20 ° multi-position antenna is a radio telephone including a body
and cover, wherein the cover inciudes an antenna mounted
thereon. When closed, the cover covers the radio telephone
‘keypad and prowdes a compact housmg When the cover is
opened, the cover antenna is spaced from the telephone body
25 which the ‘user holds Although the cover antenna performs
very well when the cover is open, the proximity of the radio
telephone body in the close_d cover position interferes with the
operation of the antenna in 'the collapsed standby mode.

30 Accordmgly, _1t is des1rable to prov1de an antenna system
_havmg high performance characteristics when the
 communication device is extended in an active communication
‘mode and when the communication device is collapsed in a
'standby mode of operation.



112, to construct a thin cover. The high current sections 641 . (FIG 7)
~and 642, of the dipole arns 648 and 649, ‘are the hlghhsnsthﬁubbﬁﬂhnaﬁﬁbh@ﬁs
of the cover antenna. The perfornance of the.15 antenna’is enhanced by
the positioning of the high current3 -~ sections 641 and 642 t he
dipole arms 648 and 649, renote- . from hinge asseﬁ%ﬂ? 5iH3 ’ﬁ t he
ext.ended position of FIG -1. Additionally, in the illustrated
enbodi ment, the antenna is a = . half-wavel ength antenna, although it.
~could be a quarter- 20 wavelength, or any integer multiple thereof.

Cover- antenna 750 accor digigef omgci\%‘;gbﬁat@f ef@dDIWings s illustrated
in FIG 8. Irrpedance t ransf or ner connects a - fi rst conponent 749 to

“transmission line 517. The transformer 25 i ncl udes a single transforner
section 724, whi chFIG. dn isl 4 efront @erspectiver view illusteatierta eadior ansf or ner

of FIG Tg | F' t%1e,§3hd.lé "iﬁt bt gite‘l‘)ded orl o%e%o@ﬂl&?n%ousmg

conflguratlon

FIG. 2 is a front nerspecti\te view illustrating the radio
'telephone according - to FIG 1in a collapsed or closed position,
10 'housrng confrguratron, - '

. FIG 3 is an exploded view illustrating the front housrng,

the radio frequency (RF) printed circuit board, logic printed

_circuit board, and rear housmg of the radio telephone according
15 to FIG. 1; -

) FIG. 4 is a fragmentary view illustr'ating schernatically_
the interior radio telephone accordrng to FIG. 1 and a
_ '.transcelver, _
FIG 5 is a fragmentary exploded view 1llustrat1ng the
cover housing sections and the cover antenna,

FIG. 6 .is side elevational view of a radio teleph'one ._
25 schematically illustrating the reactive near-field of the cover
antenna m the open and closed posmons of the cover; '

FIG 7 is a top plan v1ew illustrating a multl-component
. ~ cover antenna; ' - -
30
FIG. 8 is a top plan view illustrating an alternate
' embodlment of the multl-component ‘cover antenna,



P

"Cover antenna 750 incl.udes a first conponent 749 30 I ncl udi n ol sﬁegis

751 ‘and 752 on opposite sides of center = - axis Al .This jsolh@ 2Pl
-incl udes high current section 741 and . folded section 733. Di poI e-arm :
752 includes high current secti an 742 and fol deq)a?SCtl%‘iB'afBA' Plates -

' 738 and 739 .extend -

FIG. 9 is a top plan view ‘illustrating an alternate
~embodiment of the multi-component cover antenna;

. FIG. 10 is a top plan view illustrating an alternate
5 'embodiment"of the ,mul'ti.-component ‘cover antenna;

FIG 11 1llustrates return loss versus frequency for cover_
antenna’ 107 when the cover 1s extended; and

10 . FIG. 12 1llustrates return loss versus frequency for cover' |
antenna 107 when the- cover is collapsed as shown in FIG. 2.

-_'Det'aile'd D__escription of the Preferred Embodirnents-

15 A radio commumcatron devrce 1ncludes radio frequency
' _c1rcu1try pos1t10ned in the first housing portion. A second
' .housrng portlon is movably supported on the first housmg
portion to move between an extended position and a collapsed
_ position, the second housing portion projecting outwardly from
20  the first housing portion in the open position. An antenna is
positioned in the second housrng portion, the antenna mcludes a
first component having a first tuning characteristic and a
~ second component having a second tunrng characteristic. The
“second antenna comiponent - is tuned for a preferred |
25  characteristic when the radio telephone is collapsed and the
first antenna is tuned to the preferred charactenstlc when the
~ antenna is extended.

The antenna system accordlng to the invention is
30 1llustrated in a radio telephone 100 (FIG. 1) 1nc1ud1ng a cover,
~ * wherein the 1mmed1ate 1nventlon is particularly advantageous
However, the invention ‘may also be advantageously employed_
in other devices, such as one way and two way radios, personal
communication devices, or any other radio communication



: fromfol ded sections 733 and 734.. The pl ates capaC|t|veI load , ~ .the.
di pole arms to shorten the length of the di pol e armsThls Ys the '°P‘a°°ﬁ?5’t']889%‘r

antenna al so includes a second conponent 748 5 i ncl udi'ng ates 736 and
737 extending from a joi nder- sectiond. - 753. Platepggy aegs'm are
“tightly, capacitively, coupled to plates 739 .on di pole arlns 751 and
752. The second conponent . 748 is a passive antenna tuned to the
operating frequency of the transceiver circuitry 515 when t-he second
housi ng porti equifinentl Gnployihgsan. amiepohe afgeorbaghnd"devicar eas uned to

~the - oper atidohdlefquRREY b, Bﬂesbcﬁndéﬁ]'cgg’r?meﬂbeﬁp rr];{m{'ﬁen'&ous' ng

portion 101 is hot 1n the reactive near cover . ant enna , _
15 The antenna conponents are manufactured of a suitable - th| n,

el ectri cal | y condugy irydicTaéRphohe FOG fisailluserred inCPIGerl. The radio
: 5 telephone includes a housing 102. The housing 102 includes a
- first housing portion 101 and a second housing portion 103. In
the illustrated embodlment the first housing. portion 101 is a
radio telephone body and the second housing portion 103 is a
cover plvotably connected to the f1rst housing poruon Second
10  housing portion. 103 moves by rotation between an extended
conflgurauon illustrated in FIG. I, durlng an active
communication mode, and a collapsed, or closed conflguratlon '
illustrated in FIG. 2, ‘in a standby mode. |

15 , The f1rst ‘housing. portlon 101 includes a back body
| housmg section 104 (FIG. 3) and a front ‘body housing section .

105 which are 1nterconnected to define an interior volume

housmg electronic c1rcu1try, including loglc printed circuit board

314 and RF circuit board 315. A keypad 106 is positioned on
20 front body housing section 105 such that keys 109 (only sore
- . of which are numbered) assoc1ated with the keypad are

accessible for manual actuation by the user. The keys 109 are

" actuated manually to close popple sw1tches 321 (only some of

wh1ch are numbered)

25 | .

The second housmg portion 103 1ncludes an antenna 107
'refen'ed to. herein as a cover antenna, which is a d1vers1ty
antenna with mast - antenna 110 ‘The cover antenna 107 is
positioned between a front cover housing sectlon 111 (FIG. 5)
30 and a back cover housmg section 112 (and thus is illustrated in~

~ phantom in FIG. 1). The’ front cover housing section 111 and

- back cover housmg section . 112 are generally planar members,

which are manufactured of a suitable dielectric material, such
as an organic polymer.. The back cover housmg section 112



aIIo , alum num al um num aIon, or the like, enbedded in - dielectric
'bodyy625 These dipole arns are tuned to the  trarfdisishe roplacamanysﬁé&
fior the open position of second 20 . -housing portion 103, illustrated in |
FIG 1. First _corrponent 749 . is tuned to the tran vqgéﬂ? gcuitry 515 -
when t he secon_d.". housi ng pertiom~is open and secon conp t 748 is.
tuned to ~the transceiver circuitry 515 for the closed position of the
second housing portion 103, illustrated in FIG 2. Although the 25

corrponents ar ent:lhtld@ﬁtaaée%éséqnw%rwfé i faESG&‘ ‘é?xterﬁpaefﬁ %d front at

5 Ghz, those skilJed cogni ze t hat anten ul d

| be tuned to otcﬂeFrfll‘e‘h%’é&c’l%wé‘y éﬁnang'rflﬁ GaNer| éﬂ@tﬂﬁla lSetnd/or shape
t hereof. 30 sandw1chﬁ10béwvedipwhés@né@€talﬁﬁ@m sédtltﬁisr 3%Bén i the™! G 9.

Ant enna 860 i na o onen second
~antenna conpogékgpgggiﬂb% %e@g’ﬁﬁ% 9 ‘i”ﬁwé\%‘&&g portion is
5 - assembled by connecting the front cover housmg section 111 to
‘the back cover housmg section 112 using an adhesive or
fastener -

_ The - cover antenna' 10_7_ is- in an extended position when
10 the second housin_g portion 103 is open as illustrated in FIG. 1.
- The cover antenna 107 is in a collapsed, or retracted, position
- when second housing portion 103 is closed (FIG. 2). The second
. housing portion 103 (FIG. 2) is a cover that at least partially
| covers keypad 106 when closed. The cover may be longer to
15 cover all the keys. The second housing portion 103 prevents
© actuation of keys 109 covered thereby when the second
housing portion is closed. Addmonally, the second housing
portion can place the radlo telephone 100 in a standby mode .= .
~ when closed -
Transceiver' circuitry 515 is generally 'represent'ed in FIGs.
3 and 4. The transceiver c1rcu1try 515 is supported on RF .
‘circuit board 315 (FIG. 3), and ‘may be 1mplemented using any.
suitable conventional transceiver. The transcelver circuitry 515
25 ° is assembled to RF circuit board 315 by conventlonal means. RF
~ circuit board 315 and logic printed circuit board 314 are
- -mounted between the front and back body housmg sections 104
| '_ and 105 by any suitable means The circuitry in radio _
- telephone 100 includes a mxcrophone (not shown) and receiver
30 (not shown) pos1t1oned in f1rst housing portion 101. ' |

| The 'transceiver circuitry 515 (FIG. 4) is connected to an
elastomeric connector 516 which connects to a flex conductor,



:dl pol e arms 861 and 862, which are sections of the first ngaone
that are positi oned on opposite sides of |ongitudinal This is the "GP|3

12 ~axis Al .- Second conponent - 858. i ncl.udes second conponent '

di poI e arns 863 and 864 positioned om opposite sides o a{é]e ’@I?’

1 ongi t udi nal

to-second conponent dlpole arns 863 and 864 by 5

10

15

__20.

30

axis Al. Conponent di pole arms 861 and 862

or transmlssmn hne, 517 The transmlssmn line 517 extends

"1nto a hlnge assembly 518, mcludmg a knuckle 519

Wlth reference to FIG. 1, the hmge assembly 518 prov1des

" the connection between the second housmg portlon 103 and the

first housing portion 101. - The hinge assembly_may have any .

~ suitable construction, such as the hinge disclosed in United

States patent applicatiOn Serial No. 08/148,718, filed on 8
of whlch is 1ncorporated herein by reference thereto
Cover antenna___l_O'Z. (FIG. 7 is connected_ to trans'mission

line 517. The cover 'antenna includes a first component 640
and a second component 647, both of which are embedded in

motrt}t sheet-

connected
conductors 865 and_866 -

* November 1993 in the name of Tanya Rush et al the d1sclosure |

dielectric body 625. The back of the dielectric body 625 has an _

adhesive (not shown) apphed thereto. The adhes1ve is utilized
to attach the dlelectnc body 625 to the back cover housing
sectxon 112 (FIG 5).

As used hereln a component is one or more conductors o

‘tuned to a partlcular frequency. The first component 640
_includes dlpole arms 648 and 649 which are tuned the same.
The second component 647 mcludes section 643 which is tuned
dlfferently from dipole arms 648 and 649, such that it 1s a
second component.

Dipole arms 648 (FIG. 7) and 649 are manufactured of
two, respective, thin strips of a suitable conductor, such as
copper, copper alloy, aluminum alloy, or the like, embedded in

opposite sides of longitudinal center axis Al of second housing

- portion 103. The transmission line 517 is connected to the

dipole arms 648 and 649- via an impedance transformer 627.

The 1mpedance transformer mcludes first, second and third

~ dielectric body 625. Dipole arms 648 and 649 are positioned on



The ant enna conponents are manufactured of a suitabl cem tsheei
-electrical | y conductive material, such as copper, coM? is tﬂﬂd{h‘? on

al um num alum numalloy, or the like, enbedded in 10 dielectric body 625.
- First conponent 859 dipole arns 861 gnd ' 862 are pawed IEEJl%e operating
frequency of transcel ver “circuitry 515 when the second

103 is open, illustrated in FIG 1. Second conponent 858 dipole
arnms 863 - and 864 are tuned to the operating frequency of transceiver

15 .circui tryrpdsforfer séwticinc ©B8,h608i agdp6R4l onFir€B transformer! | ustrated
DG 2 serane 633 TE Uitne s o TBRRIAAER el SAASSLABRIRR, S 0
'second. antenneG&Ompffﬂmﬂ te@iformbee Section Wemmmmmeptedartp dlpolecanlprl ses
‘dipole arms 97dyqang _ﬂ]r?c’tld‘m@rl agikd SESleRted b Uipole arm 648 at |
5 junction 632. Impedance transformer 627 provides impedance
matching between dipole arms 648 and 649 and the - .
_transmission line 517. Dipole arm 648 1ncludes a high current
section 641 and a generally orthogonal extending folded section
. '633. D1pole arm 649 similarly includes a high current section
10 642 and a generally orthogonally extendlng folded section 634.

An ope'ning 533 is cut out of each of the folded sections o
633 and 634. Openmg 533 is provided to receive respective
. magnets (not shown) The magnets actuate reed switches (not
15 . shown) in the first housing portion 101 to change the radio
telephone . 100 between a standby mode and an active
_ communication mode. The read switches and ‘magnets are not
~ described in greater detail herem since they do not form a part'
. ~of the immediate 1nve_n_t10n
.20 . |
S The cover antenna 107 (FIG. 7) includes a second
component 647_, which includes a section 643 embedded in
‘dielectric body 625. 'Section 643 is manufactured of a suitable
thin electrical conductor such as copper, copper alloy,
25  aluminum, an aluminum alloy, or the like. ngh current sections
641 and 642 of dlpole arms 648 and 649 are tightly,
" inductively coupled to section 643 such that second component
647 is a passive antenna component. Tails 644 and 645 extend
outwardly from opposite ends of section 643 in a serpentine
30 pattern. Second component 647 is tuned to a different
' frequency than dipole arms 648 and 649.

The COVCI.'. . én_t'enna' 1'(_)7 has a reactive near-field VOlu_m'é A
(FIG. 6) in the extended position and a reactive near-field '

using portion .-



_' f| rst conponent that are positi oned on.opposite si desrhg% is thegfb%g}“raﬂ%ﬂ@éi
axis Al. These arms are connected to transmi ssi-on

i-npedance transformer 627. The second antenna 25 . conponent, ; 968 i ncl udes
conmponent dipole arms 973 and. 974 ‘9 -on opposi te siDide: onJBE i tudi nal
axis Al . Conductors 975 and 976 .are connected to arms and 973,
respectively, and connect to di pole arms 971 and 972 at junction 632
and 631, - respectively. Conductors 976 and 975 cross; -but are not 30
electrical |y ceolume d3.in the closed, orTlcellapsmhnposmnponéi’hcsse%hllmld11968 are

manuf act ured, the a?tf v@rlf‘i‘et: hize 'ﬂ‘u—ﬂ the Shkidtat! ¥oﬁ§t9ﬂ 61* ‘fﬁe Lial,
hfee) fi 5

such as - cop{o | um num al’'um num a 1 ke
_ - field volume or space, affects the performance of an antenna

Consequently, an antenna tuned to one frequency in a near-
5 field volume having one dielectric constant will not be tuned in
* a near-field volume having another dielectric constant. The .
dielectric constant of the near-field volume in the open position
approaches, or is approxrmately, 1, since it is predominantly air.
The dielectric: constant of the near-field space in the closed
10 _'posmon is s1gn1f1cantly dlfferent from that of air because of the
' substantial presence of frrst housmg portion 101 and -the
circuitry therein. Consequently, an antenna properly tuned for
the transceiver signal frequency in the open position of second -
| 'housmg portion 103 will not be properly tuned in the closed
.15 posmon of second housmg portion 103, and consequently,
o performance is degraded in the closed position..

_ Dlpole arms 648 (FIG 7) and 649 are tuned to the
_ : operatmg frequency (shown as 800 MHz in FIGs. 11 and 12) of
20 the transceiver circuitry 515 when the cover is open, and the
: predommance of the reactlve near-field is air. This is - .
represented by the return loss peak at 800 MHz in FIG. 11. The
second component 647 return loss 'peak occurs at 900 MHz. The
- second component is tuned to the operating frequency of the |
25  transceiver -circuitry 515, when the cover is closed, and the first
housing portion 101 of the radio telephone 100 is substantially
positioned in the reactive near-field space of the cover antenna
107. This is represented by the return loss peak at 800 MHz
~ for second component 647 when the cover is closed in FIG. 12.
30 The return loss peak for jfirs_t component 640 when the second
--housing portion 103 is closed is 700 MHz. The presence of the -
component which is not tuned to the operatrng frequency of the
. transceiver clrcultry 515 does not affect performance of the
transceiver since signals outside the operating frequency range



13 : enbedded in dielectric body 625. Dipol e arng, %7% tﬁgq&&&@e@é@ %eeeﬁ | .'

tuned to the operating frequency of -the t ranscei ver C|rCU|try . e
t'he second houglng portion.103 is extended as : |!Iustrgt ﬁLn F}Cihé[

Di pole arms 973 and 974 are-tuned-tggthe S . operati Dgtg:r ﬁ Aoy oI ®
transceiver circuitry 515 when the ° second housi ng portio |shc ose
“illustrated in.FIG 2. By crossing conductors 975 and 976, the

' i npedance of .the system ‘is altered relative. to that of cover antenna

. '860 in FIG 9are filtered by the transceiver. The use of two components
tuned respectlvely for the closed and open positions insures
‘that the antenna is tuned for a predetermined, preferred,

~ characteristic, which is the operatmg frequency of the

5 transceiver, when the second housmg portion 103 is open
" (extended) and when the second housmg pOl‘thIl is closed
(collapsed) '

Thus it can be seen that the cover antenna 107 is a dlpole
10 antenna which is thin, being sandwrched between front cover
| housing section 111 (FIG. 5) and back cover housmg section -
112, to construct a thin cover. The hlgh current sections 641
(FIG. 7) and 642, of the d1p01e arms 648 and 649, are the hlgh
current sections of the cover antenna. The performance of the
15 antenna is enhanced by the posmomng of the h1gh current |
- sections 641 and 642, of the dipole arms 648 and 649, remote _'
- from hinge assembly 518 in the extended posmon of FIG. 1.
:'Addmonally, in the illustrated embodiment, the ‘antenna is a -
~half-wavelength antenna, although it could be a quarter-
- 20 wavelength or any 1nteger multiple thereof

Cover antenna 750 accordmg to an alternate embodrment
is illustrated in FIG. 8. Impedance transformer 727 connects a
- first component 749 to transmlssmn Ime 517. The transformer
25 . includes a single transformer section 724, which is an alternate _
for the three sectlon transformer of FIG 7. FIG. 8 illustrates a
1 5 GHz antenna

Cover antenna 750 1ncludes a first. component 749
30 including dlpole arms 751 and 752 on opposite sides of center
axis Al. D1pole arm 751 includes hlgh current section 741 and
folded section 733. Dlpole arm 752 includes high current
.sectlon 742 and folded sectlon 734. Plates 738 and 739 extend



1‘0 The connect ed conponents of cover antennas -860.(Fl G Zi . and
970 (FIG 10) have the sane effect as the inductively én%'s('ﬁw rep. .--Q'lt'\féP?t

coupl ed corrponents of cover antennas 107 (FIG 7) = and 750,(FIG 8).
'Signal s detected by the conponent ihch is "~ not tDalg: t\@ Btélv operating
frequency of transceiver circuitry " '515 (FIG 4) are attenlated by
“filtering in the transceiver. The’ ant enna corrponent tuned to the
operating frequency wll - detect the desired si gnals. - Accordingly,

~cover -ant ennagr@a0 félded sectiSd 133|9|ra’nﬂe 734. d€Fhé eﬂat&‘se'%ab;?_ﬁltﬁm nﬁ)a'ﬂ0;13| n]gl
Pover “ant ennadhe odinol (&3S tansnddeh e Yondth of)the, dipoler BFmST) e gt 1y
coupl ed to nmaxi m ze energy " transfer fromthe second conponents 647 g
T 8 ana sebt® eayer, Bl UBoiRCReR: 1"y 4R Sofbnny sl (0,2
- 5 including plates 736 and 737 extending from a joinder section
- 753, Plates 737 and 736 are tightly, capacitively, coupled to
-plates 739 on dipole arms 751 and 752 The second component
748 is a passive antenna tuned to the operating - frequency of
. the transceiver circuitry 515 when. the second housmg portion
10 103 is closed. Dipole arms 751 and 752 are tuned to the
' operating frequency of the transceiver when the first housmg
portion 101 is not in the reactive near-field of cover antenna

750

15 The antenna components are manufactured of a suitable
' thin, electrically conductive material, such as copper' | 'copper

alloy, aluminum, alumlnum alloy, or the like, embedded in
dielectric body 625 These dipole arms are tuned to the

o transceiver circuitry 515 for the open position of second

20 - housxng portion 103, illustrated in FIG. 1. First component 749
is tuned to the transceiver circuitry 515 ‘'when the second
housing portion is open and second component 748 is tuned to
the transceiver cxrcultry 515 for the closed position of the
second housing portion 103, 1llustrated in FIG. 2. Although the

25 - components are illustrated for use with a transceiver operatmg
at 1.5 Ghz, those skilled in the art will recognize that antennas
could be tuned to other frequencxes by changmg the length |
'and/or shape thereof. |

30 Another cover antenna 860 is illustrated in FIG. 9.
| Antenna 860 includes a first antenna component 859 and a
second antenna component 858. First component 859 includes
dxpole arms 861 and 862, whxch are sectlons of the first
' component that are _pos_ltloned on opposite sides of longitudinal



Add|t|onaIIy, t hose skllled in the art wll recognitisstid #ie aA&Rim e
crossed conductors 975, 976 (FIG 10) of cover antenna Q?i ?ﬁﬁl ontsrt]tebf'

uncr.ossed conductors 865, 866 (FIG 9) of cover antenna. 60, will

~selected to nmininize interaction befl2zeen the first Bafe: dﬁfﬁ? cond antenna
~ conponents. S ~ Thus it can be seen that an antenna is di scl osed -
“for a . . novable ‘housi ng portion which-is ‘tuned to the frequency of the"

_transcelver C|rCU|try in both an extended and _a_col | apsed
axis Al. Second component 858 includes secon ‘component

d1pole arms 863 and 864 posrtloned on opposrte sides of the

longitudinal axis Al. Component dipole arms 861 and 862 are
- connected to second component dipole arms 863 and 864 by
5 conductors 865 and 866.

_ The _antenna components are manufactured of a suitable o
~ thin, electrically conductive material, such as copper, copper
_ . alloy, aluminum, aluminum alloy, or ‘the like, embedded in
10 . dielectric body 625. First component 859 drpole arms 861 and
862 are tuned to the operatmg frequency of transceiver ' '
" circuitry 515 when the second housing portion 103 is open, as
illustrated in FIG. 1. Secornd component 858 dipole arms 863
and 864 are tuned to the operating frequency of transceiver
15 circuitry 515 when the second housing portion 103 is
 illustrated in FIG.'._'2. | |

Another cover antenna 970 is 111ustrated in FIG 10. Cover
antenna 970 includes a first antenna component 969 and a -
20 second antenna component 968. The first antenna component
o compnses dipole arms 971 and 972, which are sections of the
first component that are posmoned on opposrte sides of
longitudinal axis Al. These arms are connected to transmission
line 517 via impedance transformer 627. The second antenna
25 component 968 includes component dipole arms 973 and 974
| on opposite sides of longitudinal axis Al. Conductors 975 and
976 are connected to arms 974 and 973, respectively, and
“connect to dipole arms 971 and 972 at junction 632 and 631,
respectively. Conductors 976 and 975 cross, but are not
30 electrically -connected. - |

_ The antenna components 969 and 968 are manufactured
of a suitable thin, electrically conductive material, such as '
~ copper, copper alloy, aluminum, 'aluminum alloy, or the like,



14 position. The antenna is thus tuned for opThigusthe régacemest sheet _'

in both positions. By so tuning the antenna, the overall per f-or mance of
& conmuni cation device incorporating the - . antennas | _r@’ \%d. by the

i rrproverrent in the antenna's 5 : perigrmance Date: { o

15 ' : |

| embedded m d1electr1c body 625 Dipole arms- 971 and 972 are
tuned to the operating frequency of the transcelver c1rcu1try |
515 when the second housing portron 103 is extended as .
~ illustrated in’ FIG. 1. Dipole arms 973 and 974 are tuned to the
5 operatlng frequency of the transceiver circuitry 515 when the
second housing portron is closed as illustrated in FIG. 2. By
crossing conductors 975 and 976, the impedance of the ‘system
‘is altered relative to that of cover ,antenna 860 in FIG. 9.

10  The connected components of cover antennas 860 (FIG. 9)
and 970 (FIG. 10) have the same effect as the inductively and
‘capacitively coupled components of cover antennas 107 (FIG. 7)
and 750 (FIG. 8). Signals_ detected by the component which is

" not tuned to the operating frequency of transceiver circuitry
15 515 (FIG. 4) are attenuated by ﬁltermg in the transceiver. The
antenna component tuned to the operating frequency will
detect the des1red signals. Accordingly, cover antennas 860 and
970 operate as des1red when the second housmg portron 103 is
' extended or collapsed ' ‘ -

20 S o
o ‘The components of cover antennas 107 (FIG. 7) and 750
(FIG 8) are preferably tightly coupled to maximize energy’
transfer from the second components 647 (FIG. 7) and 748 (FIG.
8) to the dipole arms 648 (FIG.: 7) and 649 and 741 (FIG 8) and
25 742, when the second housing portron 103 is closed

'Additionally, those skilled in the art will recognize that either
the crossed conductors 975, 976 (FIG 10) of cover antenna 970,
~or the uncrossed conductors 865, 866 (FIG. 9) of cover antenna

860, will be selected to minimize - mteractlon between the first
30 and second antenna components ' .

Thus _'it can be s_ee_n- that an' antenna is disclosed for a
movable housing portion which is tuned to the frequency of the
transceiver circuitry in both an extended and a collapsed



CLAI VB - W clai m'_ 5 1.  Aradio comruflmsasltbﬂ rdpiacemgnt sheet

conpri si ng: . a first housing portion (101); - radio -

‘frequency circuitry (515) positioned in the first - OQ§ngLport|on

a second housing. portion (103) nnvabhy supported on t_ 0 i'rst housing

porticon to nove between an extended™p posi tion and a col lapsed position
‘the second housing portion projecting outwardly fromthe first

‘housi ng portion in the extended - ‘position; and - -an ant enna

(107, 750, 860posSitipn. poa‘hel antghrian is hthuse duned 1for optinsimg neofqrmancet he

~antenna i ncl udiggihf béﬁhoﬁ@”pcB‘f’Eo tRfithg the antenna, the overall :
performance of a communication dev1ce incorporating the
antenna is 1mproved by the 1mprovement in the antenna‘s

5 performance



_749 859, 969) haV|ng a first tunlng characteristic and

'conponent (647, 748, 858, 968) having a second tuni ng This" gharqe?%rls?ntShe!
wherein the second conmponent is tuned for a- ~ preferred chajacteristic
when the second housing portion is ips20 the col | apse@agmsig Rband t he
first conmponent. is tuned to the ~Ppreferred Characterlstic en the
second housi ng portion isin -t he extended p05|t|on

The radio conmuni cati on devi ce as defined in 25 claim 1, vvherel

first conponent includes at . |east one first _ plate (733“ mm H Hmi
_.corrponent (737) includes at |east ond plate

| the CLRIRES |

-least one first plate and. one  second pI ate are

capaC| tively ch)Idallm 30 : The radi o comuni cation devi ce as
~defined.in - claim 1 wher ein the second housi ng portion has a
| ongi t udi nal :
g 5 1L A radio commumcatlon dev1ce comprlsmg

 a first housing portion (101);
" radio frequency c1rcu1try (515) posmoned in ‘the first
- housing portion; : -
a second housmg portlon (103) ‘movably supported on the
10  first housing portion to move between an ‘extended posmon and
a collapsed position, the second housing portlon projecting
-outwardly from the first housmg portion in ‘the extended
; posmon, and :
an antenna (107 750 860, 970) posmoned in the second
15  housing portion, the antenna including a first component (640,
'7_49, 859, 969) haV_ing a first tuning characteristic and a second
~ component (647 748, 858, 968) having a second tuning |
 characteristic, wherein the second component is tuned for a
~ preferred character1st1c when the second housmg portion is in
20 the collapsed . posmon and the first component is tuned to the
" preferred characteristic when the second housing portlon is in
the extended posmon

2. The radio communlcatlon dev1ce as defmed in
25  claim 1, wherein the first component includes at least one first
plate (739) and the second component (737) includes at least
one second plate, and wherein the. at least one first plate and
the at least one second plate are capacitively coUpled_.

30 - 3. "The radto commumcatlon dev1ce as - deflned in
claim 1 wherein the second housing portion has a longxtudmal
axis (Al), and the first component includes first (861, 971) and
sectton:s (862, 972) sections and the second component includes

first (863, 973) and second (864, 974) sections, wherein the



axi s (AI) and the f| rst conponent includes first (8qhisi2the faﬂgcemt sheet
sections (862, 972) 'sections - and the second ‘conponent includes

.f-l rst (863,77 973) and 5ecunu \7364 974) sections, wherein th

: . r f| rstygonponent and t h®ate:r s\ 7§4€l€1 on of the

-second corrpdmmlm |de of—t-he | ongi-t udi nal axis and the. |
second section hen S’St* corrponent and the second sectlon - '

fxrst secuon of the first component and the f1rst sectlon of the
second component are on one side of the longitudinal axis and
the second section of the first component and the second sectlon
. of the second component are on another side of the 10ng1tud1na1
5 - axis. ' ' ' '

4. "The radio communication 'device as defined in
claim 3, wherein the first section (861) of the f1rst component is
_ coupled to the first section (863) of the second component, and
.10  the second section (862) of the first component is coupled to the
second section (864) of the second component

5. The radio communication dev1ce as defined in '
claim 3 wherein the first section (971) of the first component is
15  connected to the -second section (974) of the ‘second component
~and the second section (972) of the first component is '
connected to the first section (973) of the second component.

o 6. | The radio commumcatlon dev1ce as defined in

20 * claim 1, wherein the second housmg portion is. a cover (103)
including front (111) and back (112) housing sections and the
antenna is sandw1ched between the front and back housmg
sections.

'25 - T. The radio commumcatxon dev1ce as ‘defined in
claim 6, wherem the radio commumcauon dev1ce is a radlo
| telephone (100). '

8. The radlo commumcatlon device as defmed in
30 claim 7, wherein the first housing. portion includes a keypad
(106), and the cover (103) covers at least a portion of the
i keypad in the collapsed posmon '
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-

.of the second conponent are -on anot her side: of theg'.'

S-S e

lﬂSS

4. The radi o conmuni cathigris dew replacemettisheed in grein
the first section (861) of the first .conponent, is.f e -
first section (863) of th secoQg i onent, and 1§ 2 -:-=.=, ...... cili on
(862) of the first corrpon 9 s 8' d to the second sect|on (864)
of the second conponent .- The radi o comuni cation device.

as defined in
conponent is 1 $akY A
-conponent . and the second sect|on (972) of the f|rst conponent S

connected to the first section: t on co onent.
6. The radi o communicatio F% 2 Qfdgﬁ]engﬁlq uré

cl alm 3 erel nAt he fi rst sec_tlon 971) of the f| rst -

5 A radlo commumcatron dev1ce a first housing portion
' '(101) and second ‘housing portion (103). The second housing
'portron is movably supported on the first, housing portion to
move between an extended posrtron ‘and a collapsed position.
_ . The second housing portion projects outwardly from the first
10 housing portron in the open position. An antenna (107) is
positioned in the second housmg portion, the antenna includes a
first component (640, 749, 859, 969) having a first tuning
characteristic and a second component (647, 748, 858, 968)
having a second tunmg characteristic. One of the antenna
15 components is tuned for a preferred charactenstrc when the
'.radro telephone is collapsed and the other of the antenna |
- components is tuned to the preferred charactenstlc when the
 antenna is extended ' O

This Sheet
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wher__el _n"'"

| :'“l ncl udi ng” FTront™ (111) and back (112) hou'S| nd sect |'or‘|s and the""'h”

|s ‘'sandwi ched between the front and back housi ng sections. = 25 S
The radi o conmmunicati on devi ce—as—defined-in clai-m-6—whereka— .

C

m commuSEARGHRERORT ¢
radi o -conmuni cati on devi @
t

housi ng portion includes

Appligation No. 95013256 hone (100) .
e as defined in 30 claim?7, wherein -
a keypad - (106), and the cover (103)

keypad 1n the collapsed position.

PYEXT OF TERXBSTRACT 0N of the

- (640) -having a first tuning characteristic

Figure 7

A radio communication dev1ce compnses of a first housing portlon (101) and second
housing portion (103). The second housing portion is movably supported on the first housing
portion to move between an extended position and a collapsed position. The second housing
portion projects outwardly from the first housing portion in the open position. An antenna
(107) is positioned in the second housing portion, the antenna includes a first component

and a second component (647) having a second .

tuning characteristic. One of the antenna components is tuned for a preferred characteristic
when the radio telephone is collapsed and the other of the antenna components is tuned to the
_preferred charactenstlc when the antenna is extended
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