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SATELLI TE/ CELLULAR

ANTENNA SYSTEM FOR DUAL MODE
PORTABLE PHONE

BACKGROUND OF THE | NVENTI ON 1. Field of the Invention

The present iwoyhesAw rel ates to a dual node satellite/cell ulgergsriosdas e
phone and, nore particularly, to an antenna systemfor a dual node
satellite/cellular portable phone. 10
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BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to a dual mode satellite/cellular portable

phone and, more particularly, to an antenna system for a dual mode
satellite/cellular portable phone.

2. Description of Related Art

Portable cellular phones are well known and have been utilized for
the last several years. Such cellular phones typically transmit and receive
signals at a frequency of approximately 900 Megahertz by means of an
antenna designed for such purpose. Recently, however, it has become
important for a second mode of communication, i.e., satellite, to be employed
in areas where cellular towers or stations arc not available. Satellite
communiéation occurs at frequencies much higher than for cellular
communication (i.e., 1.0-30.0 Gigahertz), and therefore requires an antenna
designed for such purpose. |

It is recognized that separate antennas are necessary for ceilular and
satellite modes of communication since cellular antennas are linearly
polarized and satellite antennas are circularly polarized. A further difference
is that the satellite communication mode involves a directional component,
where link margin is increased when the satellite antenna is pointed toward
the satellite, and the cellular communication mode does not. Thus, the

_positioning of the satellite antenna in the portable phone is very important, as

is the construction of the satellite antenna.




2. Descri ption of Related Art Portabl e cel | ul ar phones

are well known and have been utilized for the | ast several years.
Such cetlular phones typically transmt and receive signhals at a
frequency of approxi mately 900 Megahertz by neans of an 15 ant enna
desi gned for guedygiigpose. Recently, however, it has becone permusoresss

I nportant for a second node of conmmunication, i.e., satellite, to be

enpl oyed in areas where cellular towers or stations are not
avai l able. Satellite comuni cati on occurs at frequencies nuch

hi gher than for cellular comuni cation (ie., 1.0-30.0 G gahertz),
and therefore requires an antenna’ 20 desi gned for such purpose.:

It is recogni zed that separate antennas are necessary for cellular and
satellite nodes of communication since cellular antennas are linearly

pol ari zed and satellite ami. | | f.urther.
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is the construction e satellite antenna.

5 5,014,346, and U.S. Patent 5,170,173). As will be seen herein, each of the
antennas disclosed in these patents is of a different construction than the
satellite antenna of the present invention. Additionally, the mechanical
coupling of the flip cover to the main housing in such patents involves
rotation about a single axis between an open and a closed position.

10 In light of the foregoing, a primary object of the present invention is
to provide a portable phone which is able to operate in the dual modes of |
satellite and cellular communication.

- Another object of the present invention is to provide an antenna
system for a portable phone which is able to operate in the dual modes of

15  satellite and cellular communication.

A further object of the present invention is to provide an antenna
system for a portable phone operable in a satellite communication mode
which has an improved gain/temperature ratio for better link margin. -

Yet another object of the present invention is to provide a flip cover

20  for housing the satellite antenna of a portable phone, where the flip cover is
uniquely coupled to the main housing to enable better orientation of the
satellite antenna with respect to the applicable satellite.

These objects and other features of the present invention will become "
more readily apparent upon reference to the following description when

25 - taken in conjunction with the following drawing.
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Flip covers for portable phones have generally been used to protect

t he*keypad or display and has only extended over part of the phone base. In
certain appli cwbioatéraat hough, a flip cover has been utilized PCTNSIH®SEN
antenna (e.g., U S. Patent 5,337,061, U S. Patent 5,258,892, U S. Patent

5 5,014, 346, and U. S. Patent 5,6170,173). As will be seen herein, each of

t he antennas disclosed in these patents is of a different
.construction than the satellite antenna of the present invention
Addi tionally, the nmechanical coupli-ag of the flip cover to the
mai n housing in such patents invol ves rotation about a single
axi s between an open and a closed position. 10 In light of the
foregoing, a primary object of the present invention is to

provi de a portabl e phone which is able to ogera.e in the dual nodes of
satellite and cellul ar conmuni cati t her obj ect

of t he- present invention isgt ' Q%Eﬂﬂ?’ : S a |
portabl e phone which is ab el o\égrqg‘thé%gfn the ueéﬁresﬁgﬁggméiﬁﬁﬁﬁ%%ﬂ
satel lite and cel | ul aphoieaptblecsfioperating in cellular and satellite modesfof comamunidatiest of

the present invention is to provide an_antepna ) system. for a
portabl e phone opét ab!séhﬁcﬂf’sﬁ‘?-s ‘!"‘P‘@%ﬁ?’ﬁﬁi@%’ﬁ‘&ﬁ“ﬂﬁ ousing,
circuitry located within the main housing for operating the portable phone in

the cellular mode, circuitry located within the main housing for operating the
‘portable phone in the satellite mode, a first antenna coupled to the cellular
cifcuitry for receiving and transmitting signals in the cellular mode, and a
10  second antenna coupled to the satellite circuitry for receiving and
transmitting signals in the satellite mode. The second antenna can either be
mmmte& to the main housing of the portable phone or housed within a flip
cover coupled to the main housing. If provided, the flip cover is coupled to
the main housing so as to be rotatable about a first axis and a second axis
15 substantially perpendicular thereto. The first antenna may extend from the
main housing, be printed on a surface of the flip cover, or be housed within
the flip cover adjacent the second antenna.
In 2 second aspect of the present invention, a portable phone operable
in a satellite mode of communication is disclosed as including a main
20 housing, circuitry located within the main housing for operating the portable
phone in the satellite mode, a flip cover rotatably secured to the main
" housing about a first axis and a second axis substantially perpendicular
ﬂwmm»mﬂanmuumaan@kﬂusﬂwsmdﬁwchmﬁuyﬁxnxdﬁmgami
uammﬁﬁhmjkmdbinﬂunm&ﬂﬁenmﬂehxmnﬂ\ﬁﬂﬁnﬁwfﬁpummm
25 In a third aspect of the present invention, an antenna system for a
) portable phone having ciréuitry operable in cellular and satellite modes is
_disclosed as including a first antenna coupled to the circuitry for transmitting
and receiving signals within a first frequency bandwidth for cellular mode



whi ch has an inproved gain/tenperature ratio for better |ink margin.
Yet anot her object of the present invention is to provide a flip cover
20 for housing the satellite antenna of a portable phone, where the flip

cover is uni quely coupled to the main housing to enable better
orientation Qfdbmera satellite antenna with respect t@ctRSor/00846
applicable satellite. These obj ects and ot her features of
the present invention will becone nore readily apparent upon
reference to the follow ng description when 25 taken in conjunction
with the follow ng draw ng. _ - WD 97/ 26714
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communication and a second antenna coupled to the circuitry for transmitting
and receiving signals within a second frequency bandwidth for satellite mode

communication.

5 : ~ BRIEF DESCRIPTION OF THE DRAWING
‘While the specification concludes with claims pafﬁcularly pointing
out and distinctly claiming the present invention, it is believed the same will
be better understood from the following description taken in conjunction
with the accompanying drawing in which:
10 Fig. 1 is a perspective view of the dual mode portable phone of the
present invention, where the flip cover is in a closed position;
' Fig. 2 is a perspective view of the dual mode portable phone of Fig.
1, where the flip cover has been rotated pértially open about a first axis;
Fig. 3 is a perspective view of the dual mode portable phone of Fig.
15 2, where the flip cover has been rotated partially sideways about a second
axis; '
Fig. 4 is a perspective view of the dual mode portable phone of Fig.
'3, where the flip cover has been fully rotated about the first and second axes

into the desired open position;
20 Fig. 5 is a front interior view of the flip cover for the dual mode

portable phone depicted in Figs. 1-4;
Fig. 5A is a side view of the flip cover depicted in Fig. 5;
Fig. 6 is an exploded, partial perspective view of the dual mode
portable phone' of Figs. 1-4, including the hinge mechanism and umversal
25 joint used to couple the flip cover to the main housing;
Fig. 7 is a circuit diagram depicting the interface of the satellite
_ antenna with the circuitry located within the main housing; |
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In accordance with one aspect of the present invention, a portable
phone capabl e of operating in cellular and satellite nodes of conmunication
5 i s disclosed. The dual npde portabl e phone includes a nain housing,
circuitry located within the main housing for operating the portable phone
in waeme&4 ul ar node, circuitry |ocated within thePARURIMESI ng
for operating the portable phone in the satellite node, a first
antenna coupled to the cellular circuitry forreceiving and
transmitting signals in the cellular node, and a - 10 second ant enna
coupled to the satellite circuitry for receiving and

transmitting signals in the satellite node. “Bre second antenna can either
be mounted to the mai n housing of the portable phone or housed

within a flip cover, coupled to the mai h housing. If provi ded,
the ftip cover is coupl edFig 8 isaside diagrammalic iigwp ﬁcﬁ?éhﬁ@d"sll? lephong.

rot at abl e about a fi hivi ’g ﬁ-ﬂ% a?t@m jon; substantial ly
per pendi cul ar thereto. ?ll rst ant enna naé ext end from t he
mai n housi ng, be pr| nt ed Fig. 8 isarcandiegrafmmniatie viewi of tiidual mode pdrableqpinaélof

W t hin % fli over adjacent the second antenna. .
In a second aspect of'& ﬁegﬁfesent invention, a portable phone operable

inasatellite moge of CORBINbGA rbi-destichaPhitw detheaselitdnidhag

20 housing, circuitry located wthin the main housing for op%@gttgla% t he
portabl e Figp®e in the satellite node, a flip cover rotatably
secured to the main housi ng about a first axis and a second axis
substantial |y perpendi cul ar thereto and an antenna coupled to -
the satellite circuitry for recDEYAIERDM 3 ‘ S|gnals
in the satellite node | ocated W|t1|nthefI| cover. In a
third aspect of the presel mwtﬂfheﬁnwmﬁteﬁﬂarls\ymwminmerals

B Scrosed e | ncftr iyfietilfate ABBER0RoleRoihe s, P, ERUBNL4 00 1o
transmtting hmdlnld:bambblphomapalgmafwemngmnhadﬁalm& omdlahcy
bandw dth for cellul ar satg?tecommumcauonandls indicated generally by the numeral 10. It
will be seen that portable phone 10 includes a main housing 12 and .
~ preferably a flip cover 14 rotatably secured to main housing 12. Flip cover
15 14 is shown as being in the closed position in Fig. 1, where a distal end iS

thereof engages a receiving ledge 17 on a top surface 16 of main housing 12
50 as to lie over substantially all of top surface 16. It will be noted from
Figs. 2-4 that top surface 16 of main housing 12 offers access to a keypad 18,
- adisplay 20, and a speaker 22. Also, while not shown, it will be understood
20  that main housing 12 includes circuitry therein enabling portable phone 10 to
communicate in both the cellular and satellite modes of communication, such
as that shown and described in a patent application entitled “Dual Mode
Satellite/Cellular Terminal,” Serial No. _/__,__, which is owned by the
assignee of the present invention and is hereby incorporated by reference. .
25. .- Portable phone 10 further includes a first antenna 24 coupled to the
cellular circuitry in main housing 12 for receiving and transmitting signals in
the cellular mode and a second antenna 26 coupled to the satellite circuitry in
" main housing 12 for receiving and tranismitting signals in the satellite mode.
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conmuni cati on and a second ant enna

coupled to the circuitry for transmtting
recei ving si ge@bmer4 hin a second frequency bandw dth for sapctisareosssde

communi cati on.

5

BRI EF DESCRI PTI ON OF THE DRAW NG

Wil e the specification concludes with clains particularly pointing
out and distinctly claimng the present invention, it is believed the sane

wi |

be better understood fromthe foll ow

description taken in conjunction -§- with the
acconpanyi ng drawi ng i n which:

10

1S

20

25

Also included is interfacing circuitry for such second antenna 26, designated

generally by the numeral 25, which is described in greater detail hereinafier.
It is preferred that second antenna 26 (which is circularly polarized) be
positioned within flip cover 14, whereas first antenna 24 (which is linearly
polarized) is preferably a monopole type antenna which may extend from
main housing 12 (see 24a in Fig. 3), be printed on an interior surface 19 of
flip cover 14 (see 24b in Fig. 5), or be located within flip cover 14 adjacent

second antenna 26 (see 24c in Fig. 5). In any event, it is recognized that due
" to the differences in polarization, separate antennas are required in order to

make the most efficient use of energy radiated therefrom.

As seen in Fig. S, second antenna 26 is preferably comprised of a first
patch antenna element 28 for transmitting signals to a satellite and a second
patch antenna element 30 for receiving signals from a satellite, although a
single patch antenna element (as seen with an alternate embodiment herein)
may be utilized to perform both functions. The construction of flip cover 14
and the mounting of first and second patch antenna elements 28 and 30 is
described in greater detail in a patent application filed concurrently herewith
entitled “Flip Cover and Antenna Assembly for a Portable Phone,” which is
also owned by the assignee of the present invention and is hereby
incorporated by reference. In order to minimize interference, first and
second patch antenna elements 28 and 30 are tuned to separate frequency
bandwidths of operation, depending on those available. Accordingly, it is
preferred that first patch antenna element 28 transmit signals to 2 satellite
within a first frequency bandwidth (e.g., approximately 1.626 to
approximately 1.661 Gigahertz) and second patch antenna element 30
receive signals from a satellite within a second frequency bandwidth (e.g.,

approximately 1.525 to approximately 1.560 Gigahertz). It will be noted that

each of the frequency bandwidths of operation for first and second patch

and

ng



10 Fig. 1 is a perspective view of the dual node portabl e phone
of the present invention, where the flip cover
is in a closed position; : : Fig. 2is a
perspective view of the dual node portabl e phone of Fig.

1, where the WogrmuMer has been rotated partially open about PETAUSIH0846x| S;
Fig. 3 is a perspective view of the dual node portable phone of Fig.

15 2, where the flip cover has been rotated partially sideways about a
second axi s;

Fig. 4 is a perspective view of the dual node portabl e phone of Fig.

3, where the flip cover has been fUly rotated-about the first and second

axes " into the desired open position;
20 Fig. 5is afront interior view of the flip cover for the dual
nmode - antenna elements 28 pnd 3Q\ixe approsingately 035t Gigahertz Rhd) are much;

Fi g 615 an expl odedRelsh iR e TERelARerp B GHRSY foHb Chllaac pinde of
portabl e Phone % sl hih Bl S00BCilcgn anc i ver =3
Fig. 7 is a circuit di agr Sincgdks satellitg made of peremirpicatianf invdlvessatirectionab
antenna with the gireylthNer Sotibdby Hilk'mirDinbifrdlR pdre A hdt2'10 and an
applicable satellite is improved when second antenna 26 is positioned in
alignment therewith, an important aspect of the present invention is to
provide a configuration in which second antenna 26 may be maneuvered into
position without undue effort. Additionally, because the radiation to the user
10 is to be minimized and the ratio of gain to temperature is directly related to
link margin, it would be advantageous for second antenna 25 to be located
away from the user of portable phone 10. By positioning first and second
patch antenna elements 28 and 30 within flip cover 14, with transmitting
patch antenna element 28 being located near flip cover distal end 15, each of
15 these objectives are met.
With respect to the coupling of flip cover 14 and main housing 12, it
will be understood from Figs. 1 and 2 that ﬂib cover 14 is rotatable about a
first axis 32 between a closed position (i.e., at a 0° position) to a maximum
open position as seen in Fig. 4 (i.e., at a 180° position). A hinge mechanism
20 34isprovided in order for flip cover 14 to be rotatable about first axis 32
(which is oriented longitudinally through hinge mechanism 34), and as best
seen in Fig: 6 hinge mechanism 34 is preferably retained within first and
second bearing caps 33 and 35 of flip cover end 36. It will be noted that first
bearing cap 33 is associated with a first or outer flip cover housing 37 and
25  second bearing cap 35 is associated with a second or inner flip cover housing
39sdﬂu¢ﬂmwanﬁnaﬁgmmdnvdwnﬁmﬁandsuquﬂh:anmrhmuﬁug37
_amd39annmwwduu¢ﬁum A shaft 42 is retained within first and second
h bearing caps 33 and 35 (which may include O rings at a stepped-down
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Fig. 8 is a side diagrammatic view of a dual node portable phone

havi ng an alternative antenna configuration; Fig. 9is a
rear di agr anweoemerieew of the dual node portabl e phone of PCT/Ugg-”ooﬁsg 8;
and 5. Fig. 10 is a cross-sectional view of the satellite
antenna depicted in Fig. 9. , DETAI LED
DESCRI PTI ON OF THE | NVENTI ON "Referring now to the draw ng
in detail, wherein identical nunerals 10 i ndi cate the sanme el enents

t hroughout the figures, Figs. 1-4 depict a .g- handhel d portabl-e
phone capabl e of operating in the dual nodes of cellular and

satellite comunication and is indicated generally by the nuneral 10. It

wi Il be seen that pgirfutltieersdf) Withiitst analssldna relaifitirthgh w&m{sﬂ%}g
preferably a flip cover 14 rotatably secured to main housing Flip cover

15 14 is shown as proided oncoresponding mised sutfaces 47 and 49 ppsitibnedvorestefiatdl st al
gpdmri}fn housi ng 12 Rrs%g(n%{‘%%%ﬁy'iﬁ Vg&g\%#’ g!gtgé%gv ?P{}gg'f’ﬁsagé’;a op
surface 16. It wil | flipecovet BGaHouDﬁistaxISBZ
5 Flip cover 14 is also rotatable about a second axis 38, which is
substantially perpendicular to first axis 32. This is accomplished by means
of a universal joint 40 coupled to hinge mechanism 34 (second axis 38 being
a centerline through universal joint 40). As seen in Fig. 6, a male portion 41
of universal joint 40 is associated with shaft 42 of hinge mechanism 34 and it
10 is mated with a female portion 43 of universal joint 40 retained in main
housing 12. It will be noted that female portion 43 has a longitudinal slot 51
which allows it to expand when male portion 41 is inserted therein. After
male portion 41 engages female portion 43 by means of respective detents, a
clip ring 53 is positioned around female portion 43 to hold male portion 41 in
15 place. Flip cover 14 is rotatable about second axis 32 in either direction a
maximum amount (preferably ﬁ-om 0° to +180° or 0° to -180°), which may
be enforced by one or more stqps. Of course, to enabie male portion 41 to
extend through flip cover end 36 for rotation about second axis 38, a slotted
portion 46 is included in flip cover 14 at end 36. It will also be noted that a
20 minimum amount of rotation must occur about first axis 32 through hinge
 mechanism 34 (at least 90°) before flip cover 14 will be able to rotate about
second axis 38 through universal joint 40. _
In order to couple first and second patch antenna elements 28 and 30
of second antenna 26 with the applicable circuitry contained within main
25  housing 12, shaft 42 and male and fen_mle portions 41 and 43 of universal
Jjoint 40 preferably are hollow so that a pair of leadé 48 and 50 may extend
) therethrough and traverse hinge mechanism 34. Permitting only the




Fi gs 2-4 that top surface 16 of main housing 12 offers access to a keypad
18, ' a display 20, and a speaker 22. Also, while not shown, it
wi || be understood 20 that main housing 12 includes circuitry therein
enabl i ng portable phone 10 to comuni cate in both the cellul ar
and satel | i t ewopares78f communi cation, such as t hat PTORA7/20%46
described in a patent application entitled "Dual Mde
Satellite/Cellular Termnal," Serial No. which is owned by the
assignee of the present invention and is hereby incorporated by reference.
25 : Portabl e phone 10 further includes a first antenna 24 coupled to
t he cellular circuitry in main houspag 12 for receiving and
transmtting signals in the cellular node and a second antenna 26
coupled to the satellite circuitry in mai n housing 12 for
receiving and transm mbkiffhns argowdit of fofatioh aboua univeishlgoinn4lkis important in 43
97/ 26714
PCT/ US97/ 00846 regard in order to limit the bending stresses on leads 48 and 50. -6-
i It will also be seen from Figs. 1-4 that flip cover 14 preferably
includes a first substantially planar section 52 located adjacent end 36 which
5  couples to main housing 12 and a second substantially planar section 54
oriented at an angle to first section 52. This orientation between first and
second sections 52 and 54 permits second section 52 to lie over top surface
16 of main housing 12. Additionally, it will be noted that flip cover 14 may
include a flange 56 extending from the perimeter of second flip cover section
10 54 which wraps around the corresponding edges of main housing 12.
~ Asstated previously herein, first and second antennas 24 and 26 are
connected to the operating circuitry within main housing 12 by means of
leads 48 and 50, respectively, and interfacing circuitry 25 (see Fig. 7). Most
~ of interfacing circuitry 25 has been utilized previously with respect to
15  previous cellular portable phones sold by the assignee of the present
invention, and indeed one goal is to use as much of such circuitry as possible.
Thus, only the portion of interfacing circuitry 25 relating to second antenna
26 will be discussed.
It will be seen that a PIN diode type T/R switch 58 receives lead 50
20  and connects second antenna 26 to the receiver input. A signal 60 is routed
through a first receive bandpass filter 62 which provides blocking of out-of-
band interference. Preferably, filter 62 is a three-pole diclectric filter to meet
the selectivity requirements placed on a system operating at L-band. A low
noise amplifier 66 implemented in two stages then provides gain to a signal
25 64 on the order of 30 dB with a noise figure of approximately 1 dB. Output
68 from low noise amplifier 66 is routed through an image reject filter 70 to
an ASIC 72 which performs heterodyning to the first IF. This is the first

common signal point shared with GSM mode circuitry normally utilized




Al'so included is interfacing circuitry for such second antenna 26,

desi gnat ed generally by the nuneral 25, which is described in
greater detail hereinafter. It is preferred that second antenna
26 (which is circularly polarized) be positioned within flip
cover 14, whygasefiyr st antenna 24 (which is linearly BCT/USHTI00845 2 €d)
Is preferably a nonopol e type antenna which may extend from mai n
housing 12 (see 24a in Fi& 3), be printed on an interior surface 19 of

flip cover 14 (see 24b in Fig. 5), or be located within flip cover 14

adj acent second antenna 26 (see 24c in Fig. 5). In any event, it
I s recogni zed that due to the diffgerences in polarization;
separate antennas are required in order to 10 make the nost efficient
‘use of energy radiated therefrom As seen in Fig 5,

second antenna 26 isnﬁﬁﬂisﬁgaw'ycamwph&ﬁd OF céurdd, itsiill be understood tHapieh
antenna elenent 28 for transmtti n‘%‘ naI s to a satellite and a second

patch antenna el enefforguentigned deses ORQCWQWaﬂ%nElFBﬂ‘FhmqlW@UM%ugh a

5 ey bo ut i zod 15 yorars S MR b Cud IO CubRHE ST |77

cover 14 ' maﬁMMhaMfofTMmhcﬁSs(mﬂhdcmpbmﬁﬂgenna
el ements 28 and 30 (s gescrl bed |r‘11ggreater det all, *B-l a patent

application fil e¥ CHFE'G‘PP@?FPFBPIWQ ¢ fhereto), although this improyqment ®over and
Antenna Assenbly foj, mg gidftional Winhkbtdrs and circuit lines. & SO ovvned by
ent

t he assi gnee of the pres ventlon and Is hereby . 20 i ncor porated by
reference. In order to nﬁmmm@mboﬂmmoémbblemhosc 1@ involves the applicatiowcond

patch antenna el enengs 28, and 3 un frequency,

bandw dt hs of operaf n %ﬁ%{ %@% ':‘}2%5 g‘?g g§§°d?t S
preferred that fi rshmﬂmaaomﬂhﬂﬁﬁd%ﬁmh nilatons theredf as
satellite W|th|naf|rst fre uency bandwi dth (e, qg.,

appr oxi mat el y 13%26desgribed previously je somezdyantages peergained from this- ond
patch antenna el e”egﬁ:bg&memmamechamcalsense,lthasbeenfmmdthatasmuch'as-1dBof

loss occurs with this configuration and it is therefore undesirable from an
electrical standpoint. '
Nevertheless, it will be seen in Fig. 10 that a single patch antenna
15  element 74 includes a feed substrate 76 positioned adjacent a rear surface of
main housing 12, a dielectric substrate 82 positioned over feed substrate 76,
and 2 radlatxng element 84 positioned over diclectric substrate 82. A feed
trace 78 is provided to connect radiating element 84 with the circuitry in
main housing 12 at a feed point 80. Such singie patch antenna element can
20 then be used to both transmit and receive signals in the satellite mode.
Having shown and described the preferred embodiments of the
invention, further adaptations of the dual mode portable phone and the
antenna system. therefor disclosed herein can be accomplished by one of
ordinary skill in the art without departing from the scopé of the invention. In
25 ﬁarticnlar, it will be understood that the concepts relating to second antenna
26 herein are just as applicable for a portable phone operable in only the
. single mode of satellite communication. Additionally, flip cover 14 may be
. 'mounted to main housing 12 in any manner that would permit rotation about




receive si gnals froma satellite within a second frequency bandw dth (e.qg.,
approxi mately 1.525 to approximately 1.560 G gahertz). It will be noted

t hat each of the frequency bandw dths of operation for first and
second patch WO 97/ 26714 i
PCT/ US97/ 008480 97126714 PCT/US97/90846

antenna el enents 28 and 30 are approximately .035 G gahertz and are nuch
hi gher than the normal operational frequency for the cellular node of
conmuni cation, which is approximately 900 Megahertz.

Si nce the satelllte node of comruni cation involves a directional .5
conponent, whereby |ink margin between portabte phone 10 and an
applicable satellite is i nproved when second antenna 26 is positioned in

ali nrrent therewith, an inportant aspect of the present inveption |s to
’ two sepaxr'raee axes. For exgmple, flip cover 1% may be mounted indirectly to

main housing 12 by means of a support bracket such as that described in a

patent application filed concurrently herewith entitled “A Detachable Flip

Cover Antenna Assembly,” which is owned by the assignee of the present
5  invention and is hereby inéofporated by reference.
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provi de a configuratio antenna 26 nmay be maneuvered into

position w thout undue 1y, because the radiation to the
user 10 is to be mm‘\mml““" ratio of gain to tenperature is
directly related to Imk $ar'gin, it woul d be advant ageous for
second ant enwon 2®611@ be Iocat ed away from t he usercraisopossuebl e
phone 10. By positioning first and second patch antenna el enents
28 and 30 within flip cover 14, with transmtting pat ch ant enna
el enent 28 being |located near flip cover distal end 15, each of 15

t hese objectives are net. Wth respect to the coupling of
flip cover 14 and main housing 12, it -12- will be understood from
Figs. 1 and 2 that flip cover 14 is rotatable about a first axis
32 between a closed position (i.e., at a O[err] position) to a maxi num
open position as selaimey Fig. 4 (i.e., at a 180 position). A hinge

mechani sm 4,18 V. L m,order I cover to.be
rot at abl e about f [ rlg AB)‘?T‘%I Ei'% apa%leéf%mf;&] cgh i]]'#%ﬁ’ﬁfifﬁ?ﬁ nal |y
t hrough hi nge nechmhﬁﬁmﬂéh),gmaﬁﬂ;pﬁmbest seen in Fig. 6 hinge

mechanism 34 is preferably ret a| ned within first and - second
bearing caps 33 and 35 de ﬂnﬁﬁ hopsiag: end 36. It will be noted that first

Dearing cap 33 e 5201 @) atkall odied Wi o8l ol el GRUBR BRUCT 10 %7,
cover housing 39ostable phonet ih szidzeBularmade; gnnent when first and
soond T11p cover housi sy g i e SRR ek 5, o 31"
(which may include Ori ngspo?&bﬁpg&ﬁqgggﬂq%te mode;
(d) a first antenma coupled 1o said cellular circuitry for receiving and
10 transmitting signals in said cellular mdde; and
(e) a second antenna coupled to said satellite circuitry for receiving
and transmitting signals in said satellite mode.
2. The portable phone of claim 1, wherein said first antenna extends from
said main housing.
15 3. The portabie phone of claim 2, wherein said first antenna is a monopole
ateorn, . |
4. The portable phone of claim 1, wherein said second antenna is located
along said main housing. |
5. The portable phone of claim 1, wherein said second antenna is a paxch '
20 antenna. '
6. The portable phone of claim 4, said second antenna further comprising a
single patch antenna clement for receiving signals from and transmitting
sighals to a satellite. |
7. The portable phone of claim 6, said single patch antenna element further
25  comprising:
' o (a) a feed substrate positioned adjacent said main hoesing;
(b) a dielectric substrate positioned over said feed substrate;
(c) 2 radiating element positioned over said dielectric subsu'ate; and
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surface thereof), with fum IE{ I ME l‘et ai ner rings 44 and 45 being
provi ded on correspondin 47 and 49 positioned on shaft 42.
A stop (not sMWSW#26Ty be provi ded in order to prevent the oRETVPHAPYMEn of

flip cover 14 about first axis 32. ° - Flip cover 14 is also
rotatabl e about a second axis 38, which |s substantially
perpendi cular to first axis 32. This is acconplished by neans of

a universal joint 40 coupled to hinge nechanism 34 (second axis 38 bejng
a centerline through universal joint 40). Asl3een in Fig. 6, a nale portion
41 of universal joint 40 is associated with shaft 42 of hinge

nmechani sm 34 and it 10 i's_ nated with a fenal e ortion 43 of universal
joint 40 retained in mai &d)afeedtraceexm@gsm ellifecircuiry fypugh saiht

femal e portion 43 has a lo t to
| nserte(jsgtﬁﬁ&eer satafee?tpomtmdﬁﬂe&%ﬁxvﬁfd

expand when nal e portion 4 ein
portion 41 engages fenale mdutmgreldﬁhnby means of respective detents, a

T P TIEY il ncer i (TR poeibis Bhane of SRR AT SO antess MU PAREIIRE: o1 { her
direction a 5 (a) aﬁrst patch antenna element for receiving signals from a satellite;
and
(b) a second patch antenna element for transmitting signals to a
satellite.

9. The portable phone of claim 1, wherein said cellular circuitry operates at a
10 frequency of approximately 900 Megahenz
10. The portable phone of claim 1, wherein said satclhte circuitry operates
within a frequency band of approximately 1.0 to 30.0 Gigahertz.
11. The portable phone of claim 1, further comprising a flip cover rotatably
secured to said main housing about a first axis, said second antenna being
15 located within said flip cover. ‘
12. The portable phone of claim 11, said flip cover also being rotatable about
a second axis. _
13. The portable phone of claim 12, wherein said first axis is oriented
substantially perpendicular to said second axis.
20  14. The portable phone of claim 12, wherein said flip cover is rotatable about
said first axis in a range of 0° to about 180°.
15. The portable phone of claim 13, wherein said flip cover is rotatable about
said second axis in a range of approximately 0° to approximately 180°.
16. The portable phone of claim 11, said flip cover being sized to lie adjacent
25 to substantially all of said main housing when in a closed position.
17. The portable phone of claim 11, further compﬁsing a hinge mechanism
coupling said flip cover and said main housing, said first axis extending
' longitudinally through said hinge mechanism.
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maxi mum armount (pr ef rom O[ermto +180 or O[err] to -180), which

may be enf on m “lmM“l re stops. O course, to enable male
portion 41 to m‘“u

flip cover end 36 for rotation about

second axis 38, a slotted®t * portion 46 is included in flip cover 14
at end 36. |twabtiersd SO be noted that a 20  mni num anoPCrAUsSH70846at | on
must occur about first axis 32 through hinge mechani sm 34 (at

| east 90[err]) before flip cover 14 will be able to rotate about

second axis 38 through universal joint 40. In order to
couple first and second patch antenna el enents 28 and 30 of second

antenna 26 with the applicable circuitry corttakned within main 25 -
housi ng 12, shaft 42 and male and femal e portions 41 and 43 of universal
joint 40 preferably dare hollow so that a pair of |eads 48 and 50 may extend
t her et hr ough and t r 48e Thepdriabipephone bficlaianl B furtliee comprisingna wmiversal huint
\Ié\gT? ZJ/SS 3/7 (1)88 46 associated with said hinge mechanism, said second axis being positioned ag a
' centerline through said universal joint.
19. The portable phone of claim 17, said first patch antenna element being
5 located adjacent a distal end of said flip cover. | |
20. The portable phone of claim 18, said flip cover including a slotted
portion adjacent an end couplédtosaid main housing, wherein said slotted
portion is sized to accommodate rotation about said universal joint.
21. The portable phone of ciaim 18, said universal joint being hollow so that
10  means for coupling said second antenna to said satellite transmitting and
receiving circuitry is able to traverse said hinge mechanism.
22. The portable phone of claim 12, wherein rotation of said flip cover about
said second axis cannot occur until said flip cover has been rotated about said
first axis a2 minimum amount.
15  23. The portable phone of claim 11, said first antenna further comprising a
monopole antenna extending from said mein housing.
24. The portable phbne of claim 11, said first antenna further comprising a
printed circuit antenna located on an interior surface of said flip cover.
25. The portable phone of claim 11, said first antenna being located within
20  said flip cover.
26. The portable phone of claim 11, said second antenna further comptiéing a
single patch antenna for receiving signals from and transmitting signalisto a

7. The portable phone of claim 11, said second antenna further comprising:
25 (a) a first patch antenna element for receiving signals from a satellite;
. and .
(b) a second patch antenna element for transmitting signalstoa
satellite. '
his Sheet Has Been R laced THIS SHEET HAS BEEN
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maxi mum anmount of rotatlo rsal joint 40 is inportant in this
regard in order to limt t mlim,iglmres on | eads 48 and 50.
- It will also be seen from Fi gs. i p cover 14 preferably
includes a first substantially planar section 52 |ocated adj acent end 36
whi ch swoszRems es to main housing 12 and a second subsPEBUS1/00§46

pl anar section 54 oriented at an angle to first section 52.
This orientation between first and second sections 52 and 54
permts second section 52 to |ie over top surface 16 of main
housing 12. Additionally, it will be noted that flip cover 14 may

i nclude a flange 56 extending fromthe peringser of second flip cover”
section 10 54 whi ch waps around the correspondi ng edges of nain
housi ng 12. As stated previously herein, first and
second antennas 24 mdmpmlephoneofclmmzpmmmammm@&aﬁ@&mﬁm
circuitry within main housing 1 ans of | eads 48 and 50,
respectively, and i r?&’éﬁa?%(‘f‘f‘ %FW‘WWH‘%@E‘WN}WWW I2Stto

of interfacing circ 23%6 lized previously with respect to
15 previ ous cellul porta I'€ phones sold by the assignee of the present
i nvention, and i ndeé’a 'Bhﬂapcg‘t;hlephoneofngswmwdsmmﬂpmch@uma/ as

possi bl e. Thu Q £ i on erfacing circuitry 25
relating to secofd zﬂ‘ﬁ"ﬁ?ﬁgp des/ il %%SB IbFn%H'EP@GE&r““U ately 1.626 to

It will be seen thatapgrokinitély 2481 Gigtherte.R sWi tch 58 receives |ead 50

20 and connects second ant%nna 26@0 the receiver input. A signal 60 is

rout ed ﬁp 'U@ﬂ?%tabhrpbpmmtm?%whdpmdfﬁrkttwd s&ﬁnmbatch provi des
AL e e B e Lt e
requirements pl acedpﬁﬁe.a system operating at L- band. A Iow
10 31 The portable phone of claim 11, wherein said flip cover is substantially
planar in configuration.
32. The portable phone of claim 11, said flip cover further comprising:

C

(2) a first substantially planar section coupled to said main housing;
and | |
15 (b) a second substantially planar section oriented at an angle to said
flip cover first section, said flip cover second section lying on top
of said main housing when in a closed position.
33. The portable phone of claim 31, said flip cover including a flange
extending from the perimeter thereof, wherein said flange wraps around
20  comesponding edges of said main housing.
34, The portabie phone of claim 32, said flip cover second section including
a flange extending from the perimeter thereof, wherein said flange wraps
around corresponding edges of said main housing, .
35. A portable phone operable in a satellite mode of communication,
25 -comprising:
(a) a main housmg,
(b) circuitry located within said main housing for operating said
portable phone in said satellite mode; and

—_—
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noi se anplifier 66 inplenented in tWo stages then provides gain to a signal
25 64 on the order of iﬂ,ﬂ’m{' figure of approxinmately 1 dB.
Qut put 68 fro ﬁler 66 is routed through an i mge .

rejrect filter 70 to &n ASIC whi ch perforns heterodyning to
the first | Fwgbismrias the first common si gnal poi PeT/eseEesie W t h
GSM node circuitry normally utilized WO 97/ 26714 :
PCT/ US97/ 00846 -10-

wi thin assignee's cellular phones. O course, it will be understood that

t he af orenenti oned description relates to a single patch antenna
el emrent and t hat use of separate gat.ch antenna el enents 28 and 30
for transmtting.and receiving elimnates the need for T/R switch
58 (and the correspondi ng 5 insertion | oss applicable thereto),

al though this inprovenenic)s astelijatduipledto said satellite circuitry for receiving and
transmitting signals in said satellite mode, said antenna
comprising
at least one patch antenna element located along an outer surface
5 of said main housing. |
36. A portable phone operable in a satellite mode of communication,
comprising:
(a) a main housmg
_ (b) circuitry located within said main housing for operatmg said
10 portable phone in said satellite mode;
(c) a flip cover rotatably secured to said main housing about a first
axis; and |
(d) an antenna coupled to said satellite circuitry for receiving and
, transmitting signals in said satellite mode, said antenna being
1s located within said flip cover.
37. The portable phone of claim 36, said flip cover also being rotatable about
a second axis. .
38. The portable phone of claim 37, wherein said first axis is oriented
substantially perpendicular to said second axis.
20  39. The portable phone of claim 36, said antenna comprising a single patch
antenna clement for receiving and transmitting signals.
40. The portable phone of claim 36, said antenna further comprising:
h (a) a first patch antenna element for receiving signals from a satellite;
nd o
25 (b) a second patch antenna element for transmitting slgnals toa
satellite.
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I osses stenm ng from add| n connectors and circuit |ines.

A second enbodi nent of pomﬁwm ﬂmHmHHMnVOI ves the application

of second antenna 26 dire using 12 as seen in Figs. 8 and
9. Accordi ngly, there i s"no®nekd for a fli p cover or the

mani pul at i onSWORFREHM as 10 described previously herei PCNYFTB084% e
advant ages are gained fromthis enbodi nent in a mechani cal sense,
it has been found that as nuch as 1 dB of | oss occurs with this
configuration and it is therefore undesirable from an el ectrical.
st andpoi nt .. Nevertheless, it will be seen in Fig. 10 that
a single patch antenna 15 el enent 74 +nrdudes a feed substrate 76
positioned adjacent a rear surface of mai n housing 12, a
dielectric substrate 82 positioned over feed substrate 76, and a
radi ati ng el enent 841.ﬁﬁminohahh¢homf oliiml 36¢ whereinssaltdstatedlite ciddhitryoperates

trace 78 is prOV|ded nnect el enent th the cjrcuitry in
mai n housing 12 at gfﬂﬂeﬂ é@%wgi}éﬂpngtﬁyt’cﬂ W&W\‘H“\S‘Ye}%t can
20 then be used tod;)éghgniransmt and receive signals in the satellite
node. Havi ng shown and described the preferred

enmbodi nents of the 42. mepombkmhmﬁﬁam%whmmrﬁmnamm&nHmal
node portabl e phone a er.efqr._di scl osed
herein can be ac owﬁ?&%ﬁ%% o‘ﬁ%q“&cyb%g&&wots% (ih%?t)t/ﬂ slk{ ®in the art
wi t hout departing f epprokimately 0560 Gigdhbgz.i nvention. In 25 particul ar,
it wll be understood t hat the concetpts rel atl n_g to second antenna

26 herein are just 43 %%@EP@W@ Paighjaptepna onl y the
singl e node of sately @mqn may be
mounted to main hou5| ng 12 1 n any ma gb%dﬁﬂ&’t?:éﬁfa%ﬁr&&a&ygﬁ oﬁ) about

approximately 1.661 Glgahertz
10 44. The portable phone of cldim 36, wherein said flip cover is rotatable about.

said first axis in a range of 0° to approximately 180°.
45. The portable phone of claim 37, wherein said flip cover is rotatable about
said second axis in a range of approximately 0° to 180°.
| 46. The portable phone of claim 36, said flip cover being sized to lic adjacent
15 to substantially all of said main housing when in a closed position.
47. The portable phone of claim 36, further comprising a hinge mechanism
coupling said flip cover and said main housing, said first axis extending
longitudinally through said hinge mechanism.
_48. The portable phone of claim 47, further comprising a universal joint '
20  associated with said hinge mechanism, said second axis being positioned as a
centerline through said universal joint.
49. The portable phone of claim 40, said first patch antenna element being
located adjacent a distal end of said flip cover.
50. The portable phone of claim 48, said flip cover including a slotted
25 portion adjacent an end coupled to said main housing, wherein said slotted
~ portion is sized to accommodate rotation about said universal joint.
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WO 97/ 26714

PCT/ US97/ 00846 ' e axes. For exanple, flip cover
14 may "be mounted indire lm ml"m,ﬁﬂgmmﬂil n housing 12 by means of a
support bracket such as that ‘described i pat ent application

filed concur nggbinsrierewith entitled "A Detachable Flip PCT/USTMORI5
Ant enna Assenbly,” which is owned by the assignee of the present 5
i nvention and is hereby incorporated by reference.

-18~

51. The portable phone of claim 48, said universal joint being hollow so that
means for coupling said second antenna to said satellite transmitting and
receiving circuitry is able to traverse said hinge mechanism.
52. The portable phone of claim 37, wherein rotation of said flip cover about
5  said second axis cannot occur until said flip cover has been rotated about said
first axis a minimum amount.
53. The portable phone of claim 40, wherein said first and second patch
antennas are positioned adjacent each other in substantially the same plane.
54. The portable phone of claim 36, wherein said flip cover is substanually
10  planar in configuration.
55. The portable phone of claim 36, said flip cover further comprising:
(a) a first section coupled to said main housing; and
@) a substantially planar second section oriented at an angle to said
flip cover first section, said flip cover second section lying on top
15 of said main housing when in a closed position.
56. The portable phone of claim 54, said flip cover including a flange
extending from the perimeter thereof, wherein said flange wraps around
corresponding edges of said main housing.
57. The portable phone of claim 56, said flip cover second section including
20 aflange extending from the perimeter thereof, wherein said flange wraps
around corresponding edges of said main housing.
§8. The portable phone of claim 36, further comprising:
(a) circuitry located within said main housing for operating said
ﬁortable phone in a cellular mode of operation; and '
25 - (b)anantenna coupled to said cellular circuitry for receiving and
transmitting signals in said cellular mode.
59. The portable phone of claim 58, said cellular antenna further comprising
. a monopole antenna extending from said main housing.
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12 I.N THE CLAI VE: I ——A—pertahle (10) phone operating in
cellular and satellite m)deﬂ ton, conpri sing: (a)
a mai n housing (12) having ,ﬂ ﬁmﬂﬂfmm bottom portion, a front

(b)

portion, and a rear portion;* circuitry (25) located

w thin said neW@SWeert4 ng for operating sal d PCT/US70846b| e
phone in said cellular node; (c) circuitry (25) | ocat ed
within said main housing for operating said portabl e

phone in said satellite node; said portable phone being characterized by:
(d) a first antenna (24) coupled to said cellular circuitry for receiving

and characterized by t4i@smtting signals in said
cellular node, said first ant enna bei ng a nonopol e
antenna and extending fromsaid top portion of said

mai n housing; and  60.The portable thm)OfclaanﬁmmkbetluheammIﬁjhecwmbﬁﬁng 0

d satellit
ransmiiting o gnal s Pl SioiEimn Riaisd gu an interior surfgn of sid O pver
(24) being a patch a#l. ﬂmg-dmaba&eaf@msalﬁldr&nmwﬁftém%e

mai n housi ng adj acent" E top portion : The porta*e phone of

claim1, said second §PYHer conprising a
5  62. An antenna system for a portable phone having circuitry operable in

cellular and satellite modes, comprising:

(2) a first antenna coupled to said circuitry for transmitting and
receiving signals within a first frequency bandwidth for cellular
mode conxinmication;' and

10 (b) a second antenna coupled to said circuitry for transmitting and
receiving signals within a second frequency bandwidth for
satellite mode communication. _

63. The antenna system of claim 62, said first frequency bandwidth
comprising a range of approximately 850 to approximately 950 Megahertz.

15  64. The antenna system of claim 62, said second frequency bandwidth

-comprising a range of approximately 1.0 to 30.0 Gigahertz.
65. The antenna system of claim 62, said second antenna further comprising:

(a) a first patch antenna element for transmitting said satellite mode

signals; and
20 (b) a second patch antenna element for receivihg said satellite mode
signals.

66. The antenna system of claim 65, said first patch antenna element
transmitting said sate;iite mode signals within a range of approximately
1.525 to approximately 1.560 Gigahertz. |

25  67. The antenna system of claim 65, said second patch antenna element
receiving said satellite mode signals within a range of approximately 1.626 to
approximately 1.661 Gigahertz. '

.\\

This Sheet Has Bee, THIS SHEET HAS BEEN

LT _ perct

T TSRO S A NS R AT G e £ W R T




singl e patch antenna el errem—ﬁsj——f*trr—r—ecvi'vi—ng si gnal s from and

transmtting signals to a s The portabl e phone of
claim2, said single patch j"““e“ ““ rt her conpri si ng:

(a)) a feed substrate (76) peosi |one ja*cent said main housing (12);
(b) a di el e¥O9%268dbstrate (82) positioned over said feed spBpisdioesds’6)
(c) a radiating elenent (84) positioned over said dielectric substrate
(82); and

13 (d) a feed trace (78) extending fromsaid satellite
circuitry through said feed (76) and dielectric
substrates (82) at a feed point (80) to connggt W th

said radiating elenents (84).

68. The anterma system of claim 62, further comprising a switching
mechanism for activating the particular communication mode of

operation for said portable phone.
I - - TTHIS SHEET HAS BEEN
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4. The portabl e phone of claim1, said second antenna further

conpri si ng:

receiving signals froma

(a) a first patch antenna (28) elenent for

satellite; and

(b) a second patch antenna elenent (30) for transmitting signals to a
The portabl e phone of claiml, whePETRSEHO6
cellular circuitry operates at a frequency of approximtely 900 Megahert z.
6. The portabl e phone of claiml, wq?gein said satellite circuitry

satellite. WO 97/2671H.

operates within a frequency band of app

7. A portabl e phone (10) operating i# cellular and satellite nodes of

conmuni cati on, conpri sing:
a top portion. a bott QugQ

a rear portion;
mai n- housi ng for

(d) a first ante
and

S>>
S

g said
portabl e
) coupl ed

FIG. 1

FIG. 2

127

ximately 1.0 to 30.0 G gahertz.
(a) a mai n housing (12) having
frome_ portion, and

circurtry (25) located within said
, portabl e phone in
(c) circuitry (25) located within said

portabl e phone in
pgaﬁg’ggrng characterized by:
t0 said cellular circuitry for receiving

transmtfing signals in said cellular node,

N4
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(e) a second antenna (26) coupled to said satellite circuitry for

recei vi ng and transmtting signals in said satellite
node, and . 14
() a flip cover (14) rotatably secured to said top portion of said main

housi ng (12) womreénasfirst axis (32) and a.second axis (38) PCT/US97/00846
substantially perpendicular thereto, wherein said flip cover (14) is

sized to lie adjacent to substantially all of said front portion of said
mai n housing (12) when in a closed positiqp, ,said second ant enna

(26) being located within said flip cover%f 4 8. The portable
phone of claim7, wherein said flip cover is rotatable about said first
axis (32) in a range of 0 to about %ﬁo err]. - 9. The portable
phone of claim7, wherein said flip coveg is rolateab xhQut said

10\
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e
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FIG. 4 v
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second axis (38) in a range of approximately O[err] to approxi mately
180[err]. 10. The portabl e phone of claim?7, further conprising
a hinge nmechani sm (34) coupling said flip cover (14) and said main housi ng
(12), said first axis (32) extending |ongitudinally through said hinge
mechani sm ( 3¢d 9726714 11.  The portabl e phone of cl ai mPFGmsPUWB?ﬁe
conprising a universal joint (40) associated with said hinge nechani sm
(34). said second axis (38) being positioned as a centerline through said
uni versal joint (40). éhable phone of claim1l, said
flip cover including a slotted portion (2%?0 jacent an end coupled to said
mai N housi ng, wherein said slotted portion is sized to accommbdate rotation
about said universal joint (40). 13. The portabl e phone of
claim1l, said universal joint (40) being hollow so that neans for coupling
sai d, second antenna to said satellite tranmtting and receiving C|rCU|try
is able to traverse said hinge nechani sm (34).
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15 14. The portabl e phone of claim7, wherein rotation of said
flip cover (14) about said second axis (38) cannot occur until said flip
cover (14) has been rotated about said first axis (32) a m ni num anount .
15." The portabl e phone of claim7, said first antenna (24) further
conprising a WoaeHTE ant enna extending from said top porti onPOT/USsG/@846aI N
housing (12). 16. The portable phone of claim?7, said first
antenna (24) further conprising a printedfécircuit antenna |ocated on an
interior surface of said flip cover (14). 17. The portabl e phone
of claim?7, said first ant g 44%bcated within said flip cover
(14). 18. claim?7, said second antenna
(26) further conpri si enna for receiving signals from

and transmtting si
. J ,/-34

~
FIG. 6
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19. The portabl e phone of claim7, said second antenna (26) further
conpri si ng: (a) a first patch antenna el enent (28) for
receiving signals froma satellite; and

(b) a second patch antenna elenment (30) for transmtting signals to a
satelilite. woezena 20. The portable phone of claim 19, sRGERIUSTIOR46pat ch
antenna el ement (24) being |located adjacent a distal end of said flip cover
(17). 21. The portabl e phone of claim 19, wherein said first
patch antenna el ement (28) operates Wlthl65 ér equency bandw dt h of
approximately 1.525 to approxi mat el ,Z ahert z.
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22." The portable phone of claim 19, wherein said second patch antenna
elenment (30) operates within a frequency bandw dth of approxinmately 1.626
to approximately 1.661 G gahertz. 23. The portable phone of
claim 19, wherein said first and second patch antenna el enents 30) are
positioned ady@egsgneach other in substantially the same pl aher 59'”0““6

24. The portabl e phone of claim7, wherein sald f||p cover (14) is
substantially planar in configuration. The portabl e phone of
claim7. said flip cover (14) further cogg (a) a
first substantially planar section coupl /(issald mai n housi ng; and

(b) a second substantially planar section oriented at an angle to sai d

flip cover first section, said fly over second
section Iy|ng<miicu sai d 2 L higgisi ng2@en in a
cl osed position. 26. The portabl e phone~of dl aifn 24, said flip
cover including a fl & ogdi ng fromthe perimge thjfeof, wher ei n

said flange (56) wg (\d" correspondi ng edges of gl d nal n housfing.
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48035 18-
| 27. ne. of claim?25, said fI i p cover second saq@pi %ﬁ%ﬁ g
i

I ncl ud| ng °6) extending fromthe perineter thereof, wherei

flange w L’!a ;m ond| ng edges of said mai n housi ng.

A port‘abl e P t| ng in a satellite node of comuni cati on,

conpri sing: (a) a main housing (12) having a top portion, a

bottom portion, a front 1 portion, and a rear portion;
(b) circuitry located (25) within saldzmain housi ng for operating said

portabl e ptgm%satel lite node;
17 said p bei ng characterized by: (c) aflip
cover (14) rotatably secured to said top portion of said main

housi ng about a f| rst axi s (32) and a second axis (38) _substantially
. A portable (10) phone operating in cellular and satellite modes of

communication, comprising:

(@  amain housing (12) having a top portion, a bottom portion, a front
portion, and a rear portion;

(b) circuitry (25) located within said main housing for operating said
portable phone in said cellular mode;

() circuitry (25) located within said main housing for operating said
portable phone in said satellite made;

said portable phone being characterized by:

(@ afirst anteana (24) coupled 1o said cellular circuitry for receiving and
characterized by transmitting signals in said cellular mode, said first
antenna being a monopale antenna and extending from said top
portion of said main housing; and

(€)  asecond antenna (26) coupled to said satellite circuitry for receiving
and transmitting signals ini said satellite mode, said second antenna
(24) being 2 patch antenna located along said rear portion of said
main housing adjacent said top portion.

2. The porable phone of claim 1, said second antenna further comprising a
single patch antenna elemept (3) for recexvmg signals from and transmitting signals to a
satellite.

3. The ponible phone of ¢laim 2, said single patch antenna element further
comprising:
(2)  afeed substrate (76) positioned adjacent said main housing (12);
(b)  adielectric substrate (82) positioned over said feed substrate (76);
(¢)  aradiating element (84) positioned over said dielectric substrate (82);
and
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perpendmreln said flip cover (14) is sized to lie

adj acent ti aI -all of said front portion of said main housing
(12) vvh i!% i'tion; and (d) an antenna (26)
coupl'ed to 3 I e circuitry for receiving and

transmtting signals i n said sateliite node, said antenna being | ocated
within said flip cover. 29. The portabl e phone of claim28, said
antenna (26) conpri si ng a single patch antenna el enent (31) for receiving
and transmtting sig i m

sai d antenna further@@orrpr|e§(|l}:1r§]1ce ﬁ&?gqcnduz;g‘ﬁmﬂ(}&%l '%Lmt&a? ﬁgf&“&{g@ﬁagﬁtenna
el enent (28) for receivi r@cds(mlahdsdiérewmcaubstrates (82) at a feed point (80)t6@6ﬂiebt te;
and (b) a, sec; a%atch antenna el enment FSO) for
transmitting signals to avith ing elements (84). satellite. 31.

The portabl e phone of claim28, wherein said satellite circuitry (25)
operates within a frequency bandwi dth of approximtely 1.0 to approxi mately
30.0 G gahertz. 4. The porgdle phioee pHelaiabl esaphseoendodntenha furth@ comprising:n sai d

first patch antenna glenen oper a th| a fre ue andvm dth of
approxi mately 1.525 {eaé ap%ﬁffi?ﬁé‘i‘@&ﬁmf@%& ant signals Bel
satellite; and
(b)  asecond patch antenna element (30) for transmitting signals to a
satellite,

5. The portable phone of claim 1, wherein said cellular circuitry operates at a
frequency of approximately 9500 Megahertz.

6. The portable phone of claim 1, wherein said satellite circuitry operates
within a frequency band of approximately 1.0t0 30.0 Gigahertz.

7. A portable phone (10)-operating in cellular and satellite modes of
communication, comprising:
| (2)  amgin housing (12) having a top portion, a bottom portion, a front
portibu. and a rear portian;
() circuitry (25) locared within said main housing for aperating said
portable phaone in said ccuular mode;
© cxrcuury (25) located w:thm said main housing for operating said
portable phone in said satellite mode;
said portable phone being chamCtenzed by:
(d) a first anteana (24) coupled to said cellula_x circuitry for receiving and
transmitting signals in said celhilar mode, |
()  asecond antenna (26) coupled to said satellite circuitry for receiving
and transmitting signals in said satellite mode; and
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33. The portabl e phone of claim 30, wherein said second patch .antenna

el enent erates within a frequency bandw dth of approxi mately 1.626
s om i
rtabl e phone of claim 28, wherein said flip cover
(14) i s rétat abTe about said first axis (32) in a range of 0 to
approxi mately 180. 35. The portabl e phone of claim28, wherein
said flip cover (14) is rotatable aboutléald second axis (38) in a range of
approxi mately O[err] to 180[err]. The portabl e phone of

claim28, further cdfpri siflig cavqm(l@eromwawgmi to3sgjd top portion of said main
housing (12) about a first axis (32) and a second axis (38) |
substantially perpendicular thereto, wherein said flip cover (14) is
sized to lie adjacent to substantially all of said front portion of said
main housing (12) when in a closed position, said second antenna
(26) being located within said flip cover (14).

8. The portable phone of claim 7, wherein said flip cover is rotatable about said
first axis (32) in a range of 0° to about 180°.

9. The portable phone of claim 7, wherein said flip cover is rotatable about said
second axis (38) in a range of approximately 0° to approximately 180°.

10.  The portable phone of claim 7, further comprising a hinge mechanism (34)
couplmg said flip cover (14) and said main housmg (12), said first axis (32) exrending
longitudinally through said hinge mechanism (34).

11.  The portable phone of claim 10, further comprising 2 universal joint (40)
associated with said hinge mechanism (34), said second axis (38) being positioned as a
centerline through said universal joint (40).

12.  The portable phone of claim 11, said flip cover including a slotted portion
(46) adjacent an end coupled to said main housing, wherein said slotted portion is sized to
accommodate rotation about said universal joint (40).

13.  The ponable phone ¢ of claim 11, said universal joint (40) being hollow so
that means for couplmg sazd second anterina to said satellite transmiting and receiving
circuitry is able to traverse said hinge mechanism (34).
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coupl i ng—sard—ft+ip—eever—{14) and said main housing (12), said first axis
p g

(32) exteng | ingl [y through sai d bi nge nechani sm (34).
37. . The’ Hm H)mjt Hiﬂf .claim 36, further conprising a universal joint
M

(40) assocrate hi nge mechani sm (34), said second axis (38) being

positioned as a centerline through said universal joint (40). 38.
The portable phone of claim30, said first patch antenna el enent (28) being
| ocat ed adj acent a distal end of said flld cover (14). 39. The
portabl e phone of claim37, said flip cover (14) including a slotted

portion (46) adil4centhgrogable phogg of elain 7 whereiraomting o said) TlipLcyver (140 abput
AN . a- B0t A . .
ot ver sal | T sl o8 (b8fvanidt obbuf Sl 4 AEATIBECnisHlh iRl Bith 38 it

uni ver sal p®is§32)(2mnimeimandeat.| ow so that neans for coupling said second
antenna (26) to said satellite. transmtting and receiving circuitry is
able to traverse said hinge nechanism (34). 41. The portable
phone of claim 28, WrRé pbrableplidink @R clafm 7244 fiksk BnteiaqR4) Ardther inped d
second axis (38) cannot occur until said flip cover (14) has been rotated
about sai SINPPQE anENRa exdending fremA said teppastien of said main housing (12).

16.  The portable phone of claim 7, said first antenna (24) further comprising a
printed circuit antenna located on an interior surface of said flip cover (14).

17.  The iJortable phone of claim 7, said first antenna (24) being located within
said flip cover (14).

18.  The portable phone of claim 7, said second antenna (26) further comprising
a single patch antenna for receiving signals from and transmitting signals to a satellite.

19.  The portsble phone of claim 7, said second antenna (26) further comprising:
(@  afirst pach antenna element (28) for receiving signals from a
satellite; and
(b)  asecond patch antenna clement (30) for transmitting signals to a
satellite.

20. The partable phone of claim 19, said first patch antenna element (24) béing
located adjacent 3 dijstal en_d of said flip cover (17).

21.  The portable phone of ¢laim 19, wherein said first patch antenna element

(28) operates within a frequency bandwidth of approximately 1.525 to approximately 1.560
Gigahertz.




42. The portablre phome—of——ctai m 30, wherein said first and second patch

antennas ( ' ntggpned adj acent each other in substantially the
sare o ane. TIRMAAAANAINY
SHEET L w5  »
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43. The portabl e phone of claim?28, wherein said flip cover (14) is
substantially planar in configuration. 44, The portabl e phone of
claim28, said flip cover further conpridfng: (a) a first

section coupled o said main housing (12); b)

; d
substantial |y pl&nar E’@cﬂ?ﬁéb@@b?nfcﬂfc&imél)% E’SQ@iﬂ saifl seaepdepateh %&ématlen;m
A . . ; i g
IO 4 M L) Y it
- igahertz.

23.  The portable phone of claim 19, wherein said first and second patch antenna
elements (28, 30) are positioned adjacent each other in substantially the same plane.

24.  The portable phone of claim 7, wherein said flip cover (14) is substantially
planar in configuration.

25.  The portable phone of claim 7, said flip cover (14) further comprising:
(a)  afirst substantially planar section coupled to said main housing; and
(b)  asecond substantially planar section oriented at an angle to said flip
cover first section, said flip cover second section lying on top of said
main housing when in a closed position.

26.  The portable phone of claim 24, said flip cover including a flange (56)
extending from the perimeter thereof, wherein said flange (56) wraps around corresponding
edges of said main housing.

27.  The portable phone of claim 25, said flip cover second section including a
flange (56) extending from the perimeter thereof, wherein said flange wraps around
corresponding edges of said main housing.

28. A portable phone (10) operating in a satellite mode of communication,
comprising: -
(@)  amain housing (12) having a top portion, a bottom portion, a front
portion, and a rear portion;
(b) circuitry located (25) within said main housing for operating said
portable phone in said satellite mode;
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45. The pon 43, said flip cover (14) including a
flange (56) e ﬂg/m fromtheperineter thereof, wherein said flange (56)
[4

wr aps around es of said main housing. 46. The
portabl e phone* 0 | d flip cover second section including a

fl ange (56) extending ro?’n t*he perineter thereof, wherein said flange waps
around correspondi ng edges of said main housing. WO

97/ 26714 17

PCT/ US97/ 00846

- 20- said portable radio being characterized by:

(c)  aflip cover (14) rottably secured to said top portion of said main
housing about a first axis (32) and a second axis (38) substantially
perpendicular thereto, wherein said flip cover (14) is sized to lie
adjacént to substantially-all of said front portion of said main housing
(12) when in a closed position; and |

(d)  an antenna (26) coupled to said satellite circuitry for receiving and
transmitting signals in said satellite mode, said antenna being located
within said flip cover.

29.  The portable phone of claim 28, said antenna (26) comprising a single patch
antenna element (31) for receiving and transmitting signals.

30.  The portable phone of claim 28, said antenna further comprising:
€Y a first patch antenna element (28) for receiving signals from a
satellite; and .
by a sec«:nd patch antenna element (30) for transmitting SIgnals t0a
satelhte

31.  The portable phonc of claim 28, wherein said satellitc circuitry (235) operates
within a frequency bandwidthi of approximately 1.0 to approximately 30.0 Gigahertz.

32. The po_rtab:l_e phone of ciaim 30, wh;rgin said first patch antenna element
(28) operates within a frequency bandwidth of approximately 1.525 to approximately 1.560
Gigahertz.

33.  The partable phone of claim 30, wherein said second patch antenna element

(30) operates within a frequency bandwidth of approximately 1.626 to approximately 1.661
Gigahertz.
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68. The antenna ss,#sl—em_of_cLaJ_m_ﬁzT_further conprising a swtching

mechani sm f or actl rticul ar comuni cati on node of
operation for sal HMII ﬂHﬂﬂrHemT
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34.  The portable phone of claim 28, wherein said flip cover (14) is rotatable
about said first axis (32) in a range of 0° to approximately 180°. -

35.  The portable phone of claim 28, wherein said flip cover (14) is rotatable
about said second axis (38) in a range of approximately 0° to 180°.

36.  The portable phone of claim 28, further comprising a hinge mechanism (34)
coupling said flip cover (14) and said main housing (12), said first axis (32) extending
longitudinally through said hinge mechanism (34).

37.  The portable phone of claim 36, further comprising a universal joint (40)
associated with said hinge mechanism (34), said second axis (38) being positioned as a
centerlme through said universal joint (40).

38.  The portable phone of claim 30, said first patch antenna element (28) being
located adjacent a distal end of said flip cover (14).

39.  The portable phone of claim 37, said flip cover (14) including a slotted
portion (46) adjacent an end coupled to said main housing (12), wherein said slotted-
portion (46) is sized to accommodate rotation about said universal joint (40).

40.  The portable phone of ciaim 37, said yniversal joint (40) being hollow so
that means for coupling said second antenna (26) to said satellite transmitting and receiving
circuitry is able to traverse said hinge mechanism (34).

41.  The portable phone of claim 28, wherein rotation of said flip cover (14)
about ;aid second axis (38) cannot occur unti! said flip cover (14) has been rotated about
said first axis (32) a rmnunum amount,

42.  The portable phone of claim 30, wherein said first and second patch antennas
(28,30) are positioned adjacent each other in substantially the same plane.
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43.  The portable phone of claim 28, wherein said'ﬂip cover (14) is substantially
planar in configuration.

44.  The portable phone of claim 28, said flip cover further comprising:
(a)  afirst section coupled to said main housing (12); and
(b)  a substantially planar second section oriented at an angie to said flip
cover first section, said flip cover second section lying on top of said
main housing when in a closed position.

45.  The portable phone of claim 43, said flip cover (14) including a flange (56)
extending from the perimeter thereof, wherein said flange (56) wraps around corresponding
edges of said main housing.

46.  The portable phone of claim 45, said flip cover second section including a
flange (56) extending from the perimeter thereof, wherein said flange wraps around
corresponding edges of said main housing.
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(S;I)Abstraet

the flip cover adjacent the second antenna.

A portable phone capable of operating in cellular and satcllite modes of communication is disclosed as including a main housing,
circuitry located within the main housing for operating the portable phone in the cellular mode, circuitry located within the main housing
for operating the portable phone in the satellite mode, a first aitenna coupled to the cellular circuitry for receiving and transmitting signals
in the cellular mode, and a second antenna coupled 1o the satellite circuitry for receiving and transmitting signals in the satellite mode.
The sccond antenna can either be mounted to the main housing of the portable phone or housed within a flip cover coupled to the main
housing. If provided, the flip cover is coupled to the main housing 30 as to be rotatable about a first axis and a second axis substantially
perpendicular thereto, The first antenna may extend from the main housing, be printed on a surface of the flip cover, or be housed within




