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MULTI - AXI S VERTI CALLY CORRECTED ANTENNA EOR HANDHEL D W RELESS .

_ COVMINI CATI ONS DEVI CES BACKGROUND OF THE | NVENTI ON 5
. Field of the Invention The present invention relates generally
to satellite comrunications and nore particularly to portable or
handhel d t el ephones used for w rel ess communi cati ons through
comuni cat i on W@P¥IRM es. The invention i;s 10 further relat P3P645%8%8t hod
and apparatus for correcting verti cal poéition of antennas relative to

multiple axis to effect nore efficient_signal_ transfer. ],
Descri ption of t heWL;ﬂMtVERTICALLYIQQOMEP AIWMAW' rel ess

or cellular tRORMANDHELDWIRELESSTOOMMUNICATIONSDEVIGES err ed
to and fromsystem users using fixed base stations, also referred to as

cell sites, each covering a ?eci fic I:geo ra&rs\i cal area. In satellite
based conmuni cati on syst&ﬁC GRQUND OF THE INVENTIOBhsf erred bet ween

system useys and gateways using satellites. Satellites are generally

used,to pr oviﬁe sServjge over .fairly |arge geographic 20 areas in |arge
scal e conmuni aﬂfﬁﬁé@’&‘é‘ﬁfﬁn?%t provi de communi cati ons
The present invention relates generally to satellite communications

and more particularly to portable or handheld telephones used for wireless

communications through communication satellites. The invention is
10  further related to a method and apparatus for correcting vertical position of

antennas relative to multiple axis to effect more efficient signal transfer.

II. Description of the Related Art
In terrestrial based wireless or cellular telephone systems,

15 communication signals are transferred to and from system users using fixed
base stations, also referred to as cell sites, each covering a specific
geographical area. In satellite based communication systems, the same
signals are transferred between system users and gateways using satellites.
Satellites are generally used to provide service over fairly large geographic

20 areas in large scale communication systems that provide communications
between widely dispersed fixed and mobile users.or subscriber units. Such
systems are described, for example, in U. S. Patent No. 4,901,307, which
issued February 13, 1990 under the title “Spread Spectrum Multiple Access
Communication System Using Satellite Or Terrestrial Repeaters”, and U. S.

25 Patent Application Serial No. 08/368,570, filed under the title "Method And
Apparatus For Using Full Spectrum Transmitted Power In A Spread
Spectrum Communication System For Tracking Individual Recipient Phase
Time And Energy,” which are both assigned to the assignee of the present
invention, and incorporated herein by reference.

30 Subscriber units using telephone style handsets in such systems
typically have transceivers for receiving, processing and transmitﬁng
communication signals through an external antenna. The transceivers are
suitably linked to a microphone, speaker, visual display unit, and the
antenna in a manner well known in the art. The antenna tends to be

35 specialized in terms of both operating frequencies and radiation patterns,
and orientation of the antenna can be quite important for proper signal
transfer with a satellite.

Antennas used on subscriber units in satellite communication
systems should have their respective radiation patterns directed
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10 To compensate for this effect antennas can be designed with radiation
patterns that extend below the local antenna horizon. That is, the radiation
pattern is adjusted to extend below a horizon for the antenna (phone) so that
some off vertical positioning of the phone still places satellites within a
desired radiation pattern. Unfortunately, this type of antenna design is less

15 efficient in transferring signal energy even when aligned vertically and
positioned optimally with respect to satellite positions. At the same time,
disruption of service still results when the phone is rotated sufficiently,
unless the radiation pattern extends excessively below the horizon.

These problems are addressed in the related patent applications

20 disclosed and incorporated above, by providing mechanisms which
automatically correct vertical orientation of an antenna during telephone
use. These mechanisms use gravitational forces to cause an antenna
support module to rotate and maintain an antenna in a vertical orientation.
However, while those techniques compensate for phone motion about one

25 axis, actual telephone usage involves motion about more than one axis.
That is, many telephone handsets have fairly planar front surfaces and
shapes which do not conform to user facial features or operating habits.
While this is convenient for manufacturability, and ease of storage and
transport, it results in a phone handset that is placed at an angle offset from

30  vertical in order to align a speaker with a user’s ear and a microphone near
the user’s mouth. Typically, this offset represents an angle on the order of
up to 10 degrees from vertical. This offset means that signal transfer is still
impacted as discussed above.

Therefore, a new antenna direction control mechanism is desired that

35 compensates for handset motion or angular offsets about more than one axis
during use to maintain a vertical orientation, without undue complexity or
interaction from the telephone user.
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: orientation about the first axis during use, independent of handset
orientation. An antenna mounted on the antenna module projects along a
vertical direction from the module when the module is in the
predetermined orientation. The handset can be configured for vertically

20 correcting antenna position either manually or automatically, as desired. A
means or mechanism is provided for also positioning or rotating the
antenna module about a second pivot axis which is perpendicular to the
first, to provide vertical orientation of the antenna along the first axis as
‘well, that is, about the second axis.

25 In one embodiment, the means for rotating relative to the second
pivot axis is realized by mounting the antenna module on a flat support
wall on the handset. This support wall may form an inner wall of a recessed
area. This mounting is typically accomplished using one of several well
known pivoting mechanisms, such as bearings or rotary pins, which is

- 30 positioned in a central location on the handset wall. The antenna module

has a flat inner wall which is placed substanfially parallel and adjacent to the
housing wall, and has a passage for receiving the pivoting mechanism.

The handset and antenna module inner walls are substantially

parallel to each other, but are positioned at a common preselected angle

35 relative to a predefined axis of the handset. The antenna is also positioned
with a central axis at a preselected angle to the inner antenna module wall
in an in-operative or closed position, The antenna angle is typically the
same as the offset angle for the two walls with respect to the handset axis.
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As the antenna module is rotated about the first pivot axis, the offset
angles of the two walls are added in part to each other producing an offset

10  angle for the sides of the antenna module relative to the predefined handset
axis. When the antenna module is rotated about 180° from a closed position
the angle between the central axis of the antenna and the predefined handset
axis is the sum of the offset angles for the antenna axis and the walls.

In a preferred embodiment, the offset angle between the handset and

15 antenna module walls is in the range of 5° to 8°, with the antenna central
axis being offset or set at an angle by this amount from the inner antenna
module wall. This results in a total offset angle of around 10° to 16° when
antenna module is rotated 180° from the closed position, and around 5° to 8°
when antenna module is rotated 90°. Therefore, the antenna is

20 automatically offset or vertically corrected by this angle when the antenna
module is rotated to position the antenna for use. This angle, which is
selected relative to each device application, counters tilting of the predefined
axis.

In another embodiment, the means for rotating relative to the second

25 pivot axis is realized by mounting the antenna module on a flat support
plate, which is in turn mounted on the handset using a pivot joint. The
antenna module is mounted on the support plate, as before, using one of
several known pivoting mechanisms positioned in a central location on the
plate. The antenna module has a flat inner wall which is placed

30 substantially parallel and adjacent to the plate, and has a passage for
receiving the pivoting mechanism. '

The plate and antenna module inner wall are substantially parallel to
each other, but the plate can be positioned at one or more preselected angles
relative to a predefined axis of the handset. This is accomplished by

35 mounting the plate on the handset using a pivot joint which allows the
plate to be rotated between two extreme positions. One position typically has
an upper surface of the plate positioned parallel to the predefined axis, and
the other has that surface positioned at a desired angle to the predefined axis.
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to the inner taﬁpgmabﬁmet}\gaplate and the handset to bias one side of the plate
away from the handset. A latch mechanism secures the plate in a starting or
non-offset position when the antenna is not in use, and releases the plate to
be moved by the spring force when the antenna is to be used.

20 Each handset preferably comprises a generally rectangular housing
having a front wall in which the microphone and speaker are located, and
rear, upper, lower, and spaced apart side walls. The front wall may also have
a keypad and a visual display unit. Antenna modules are preferably
pivotally mounted on the rear wall of the housing, and a recess may be

25 provided in the rear wall adjacent to an upper end of the housing for
mounting the antenna module. Antenna modules are preferably shaped to
fit into the recess with outer surfaces substantially flush with adjacent
surfaces of the housing when the antenna is rotated into an inoperative,
stored, position adjacent to or within the general outline of the handset. A

30 recess may also be provided for receiving the antenna in a stored position.

' In further aspects of the invention, a release mechanism is used to release
the antenna from storage within the recess.

The wireless device may be designed for satellite communications
only, or may be usable in other wireless applications such as in conventional

35 cellular systems, and may have an additional, built-in cellular antenna.

The pivotal mounting of the antenna insures that the antenna can be
vertically oriented regardiess of actual handset orientation, reducing the risk
of signal loss as a result of improper antenna orientation. The handset user
does not have to orient the antenna about the second pivot axis, but the




In an in-operative or closed position, The antenna angle is typically the
sane as the offset angle for the two walls with respect to the handset
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be better understood from the following
detailed description of a preferred embodiment of the invention, taken in
15 conjunction with the accompanving drawings, in which like reference
numerals refer to like parts, and in which:
FIG.1 illustrates a front perspective view of a wireless telephone
handset according to a preferred embodiment of the invention, with a
pivoting antenna in a closed position;
20 FIG. 2 illustrates a rear perspective view of the handset of FIG. 1;
FIG. 3 illustrates a rear view of the handset of FIG. 1 showing different
vertical antenna orientations;
FIG. 4 illustrates an enlarged sectional view taken on line 4-4 of FIG. 3;
FIGS. 5 illustrates the sectional view of FIG.4, with the antenna
25 module rotated by 180°%;
FIGS. 6(a) and 6(b) provide pictorial representations of axis and angles
involved in FIGS. 4 and 5;
FIG. 7 illustrates a side view of the handset of FIG. 1 with the antenna
module and antenna separated from the handset housing;
30 FIG. 8 illustrates a side view of the handset of FIG. 1 with the antenna
. in a closed position; :
FIG. 9 illustrates a side view of the handset of FIG. 1 with the antenna
in an open position;
FIG. 10 illustrates a perspective view of a wireless telephone handset
35 according to a second preferred embodiment of the invention, with a
pivoting antenna in an open position;
FIG. 11 illustrates a side view of the handset of FIG. 10;
FIG. 12 illustrates a rear view of the handset of FIG. 10;



axis being offset or set at an angle by this anmount fromthe inner antenna
nmodule wall. This results in a total offset angle of around_10 to 16[err]
when’ antenna nodule is rotated 180[err] fromthe closed position, and
around 5[err] to 8 when antenna nodule is rotated 90. Therefore, the
antenna is 20 automatically offset or vertically corrected by this angle
when t he ant enna nodule is rotated to position the antenna for use.
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the ot her hasaédeaiblies ubefubirP e issOMBE @111:1@ gdgsired angle to the predefined
axis. FIG. 18 illustrates alternative spring mechanisms useful in the
assembly of FIG. 16;
FIG. 19 illustrates a rear view of the handset of FIG.10 showing
15 several optional positions for the antenna; and
FIGS. 20(a), 20(b), and 20(c) illustrate a side view of the handset of
FIG. 10 with the antenna in an in-use vertical position, an inactive position,
and a closed position, respectively.

20 DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention is a technique for orienting an antenna on a
portable wireless communications device vertically during use to improve
the transfer of signal energy with' satellite repeaters and gateway type base

25 stations. The invention also allows improved radiation pattern tailoring for
the antenna, which further improves communication system performance.

The invention achieves these functions by securing an antenna or
antenna structure on an antenna module which is rotatably mounted on a
rear wall of the communications device. The module is rotatable about a

30 first pivot axis to various positions which direct the antenna vertically

. during device usage.” When the antenna module is rotated for use; a

mechanism incorporated in the module support structure automatically

rotates the antenna module about a second pivot axis which is substantially

perpendicular to the first. This second rotation places the antenna at an

35 angle that compensates for rotation of the handset during use about an axis

that is parallel to the second axis. That is, the antenna is shifted by about 10-

15 degrees in its vertical orientation in a direction perpendicular to the first

direction of rotation to compensate for positioning a speaker and
microphone for use.
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5 The antenna is generally positioned with a central axis parallel to
t he knner ant enna nodul e wal | . Therefore, the antenna rests
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small or compact antenna design in phone 10, so compact designs such as

15  octafilar antennas are preferred. Such antennas are discussed further in U.
S. Patent Applications Serial numbers 08/513,317 and 08/532,921 entitled
“Quadrifilar Helix Antenna And Feed Network ” and “Dual-Band Octafilar
Helix Antenna”, respectfully, which are incorporated herein by reference.
However, those skilled in the art will also recognize that for some

20 applications, such as where stacked antennas are employed, a telescoping
antenna or antenna radome can be used. Antenna 24 is illustrated as having
a telescoping upper body inserted into a lower housing.

Telephone handset 10 comprises a generally rectangular housing,
manufactured from relatively lightweight materials known in the art, such

25 as a lightweight plastic. The radome used to manufacture antenna 24 is
generally manufactured from similar lightweight materials. Typically, one
or more ergonomic and stylish design features in terms of shape and surface
depressions are employed on the various surfaces and walls of the handset,
as would be known in the art.

30 For example, a portion of a front wall surface may extend outward
toward a user where a microphone 26 is mounted to improve voice pick-up,’
and surface extensions or depressions may be used to hold a speaker 28 in an
upper portion of front wall 12 of the handset. Such features are illustrated
in FIG. 1, along with a conventional keypad and keys 30 and visual display

35 unit 32 used for information input and display, respectively. Speaker 28 is
mounted on the front wall, which is generally held against or near a user's
ear during use. However, the invention functions equally well when the
telephone is rested on a surface well removed from the user’s ear.




pivotally nmounted on the rear wall of the housing, and a recess may be 25
provided in the rear wall adjacent to an upper end of the housing for

. mounting the antenna nodul e. Antenna nodul es are preferably shaped to

fit into the recess with outer surfaces substantially flush with adjacent
surfaces of the housing when the antenna is rotated into an inoperative,

stored, posit | on ad acent to or within the general outline set.
A 30 Al Toruseift,

recess be provided for regel ving the antenna’i
posi tion. I n furt her aspects of the”invention, a release nechanismis
used to rel ease t he antenna fro torage w . recess
The wirel ess devi dhenBPUpEnge ‘Hﬁgﬂm‘%; %HSP{ c%ﬂ%ﬂﬁ%‘@gf‘l ighthe rear

or may be usabéw oﬁm&@axwl B ewithsfuathEri detnilo presentdd as FIGScd4andrit i dnal 35
cellular systams, ;ohfh PN L4 3HBWH HBhntedlont ah afihhil! AocHle 3an2.

The pivot al rmuntl ng ant enna I nsur es

n
vertically or‘?"b?ﬁheéﬁ Pé‘(j%i?uﬁ daQuyed oty FarecRssRfs i 83 éYﬂg 6’2 ti\ee&' fg the
risk 5f kdrgiset ubingsa pivod joias 881 Pivot juimiods defimésea pivorr axisid@wloich The

handset user buﬁtemhsdg&&rml pQﬁ)@ﬁdﬁ% B:g?élagzggn%t&“{baa Pesladde nangand

i vot axis,
|F:)>CT/ usoe/ 1588%?‘15 extending through the speaker and mlcrophone, as discussed faxthasna

nodul e rot at eelowt OThe lswixgf his bhicdongaed eadess 10 extehaing dloagforessideors
edge of rear wall 14 for receiving antenna 24, or a radome containing

10 antenna elements, when not in use. A suitable releasable snap or latching
device is provided for releasably holding the antenna in recess44. For
example, a snap lock finger or latch 45 is shown at the lower end of recess 44.
However, a ball and socket type of detent mechanism, or other mechanisms
known in the art, may be provided.

15 The shape and dimensions of recess 36 substantially match those of
antenna module 34, so that in a closed, inoperative, position as shown in
FIGS. 1, 2, and 8, module 34 is substantially flush with the adjacent surfaces
of the handset. In the illustrated embodiment, recess 36 is generally circular
in shape with a flat inner wall 46 (FIG. 4) and a curved lower wall 48, but

20 does not use side or upper walls, instead being flush with walls 18, 20, and
22. However, such other walls could be used with wall 46 being more
recessed into rear wall 14, as desired. In this embodiment, wall 48 is circular
with a height that may decrease adjacent to side walls 20 and 22. Upper wall
18 of the handset is of similar circular shape to lower wall 48 of the recess.

25 As stated above, antenna module 34 and recess 36 are of substantially
matching shape and dimensions. Any shape may be selected which permits
antenna module 34 to pivot freely about pivot axis 40 when the antenna is
not retained in elongated recess 44. However, the shape of antenna module
34 is preferably selected such that it matches the shape of adjacent surfaces of

30 the phone housing for aesthetics. In this example, antenna module 34 is

~ generally circular in shape with upper and lower circular side walls 50 and
52, curved to approximately match the curve of upper wall 18 or lower recess
wall 48, and having straight side walls 54 and 56 which align with side walls
20 and 22. In addition, in some applications such as described below, the

35 profile of antenna module 34, such as that of outer wall 58, is generally
adjusted to be as thin as possible, especially toward outer edges, so that it
extends very little above the general lines of rear handset surface 14. Criteria
or techniques for choosing and using specific shapes in designing a phone
are generally well understood by designers in the telecommunication arts.



and about the second under the influence of either the offset nounting
surfaces, or spring | oaded support platform Thus, the antenna is

mai ntained in a nore optimal, vertical orientation for acceptable antenna 5
‘reception and transm ssion. At the sane tinme, due to the assurance of a
reasonably vertical orientation for an antenna nounted according to the

invention, thgolh#tigsi on pattern of the antenna can be opti pcfRGednBsdaave a
nore vertical pattern with nore efficienp signal energy transfer or

coupl i ng, | mprovi ng comuni cations. 10 BRI EF
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vertical antenna,orientati‘ons; ] strates an enlar
sectional vi &gmpinden of the aptennamgdule; cAntenna 16 is securedpcthe lgwer wall r at es
t he secti onals2wfahe afterh&Smddulei tding Haoan eevhhidites, suchubhe bubhot Eehibsd
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i1lustrates adhpded SvERFeSf the handset of FIG 1 with the antenna
modul e and ant ennasselaswat d&dstf fanFICS: 2wmntisetnteonsi BYppdft module 34FhE 8
i1 Tustrates g,5hi6q ik WaPlvails S PhcllorMbdttont, ¥ Tlkebd 86 WG APivot
joint 38. Pivot joint 38 includes a pivot member, pin, or bearing assembly
15 secured approximately in the center of wall 46. Such structures are well
' known in the art and chosen based on manufacturing requirements, cost,
loading, and other known factors. For purposes of illustration, pivot joint
38 is shown in FIG. 4 using a bearing assembly 60, with an inner race 62,
outer race 64, and bearing 66. _
20 Antenna module 34 has a flat inner wall 70 joined to, or formed as
part of, walls 50, 52, 54, and 56. Inner wall 70 is positioned adjacent to wall 46
with a centrally located opening 72 for rotatable engagement over the pivot
joint or bearing assembly 60. Bearing assembly 60 is mounted on flat inner
wall 46 using known techniques such as, but not limited to, press fitting, or a
25 flange and screw assembly. Inner cylindrical support wall or race 62 extends
outward from inner wall 46 and is shown with a flange 68 for securing to
antenna module 14. This is accomplished for example using small screws
extending through flange 68 into wall 70. Alternatively, other flange and
screw arrangements, a variety of adhesives, potting compounds, or retaining
30 rings, clips, and detents can be used to secure the antenna module on race 62,
as would be apparent to those skilled in the art. An external damping
member such as a fibrous pad (not shown) pressing against the races could
also be used for damping, as desired. '
An inner passage or bore 74 of bearing assembly 60 provides a passage
35 between the inside of antenna module 34 and the main body of the handset,
where various conventional or known electronic components used to
manufacture a portable telephone are located. Preferably, some electronic
components used in the handset are mounted within antenna module 34,
rather than in the handset. In the illustrated embodiment, RF components



in a closed position; FIG 9 illustrates a side view of the

handset of FIG 1 with the antenna N _an_open position;

. FIG 10 illustrates a perspective view of a wirel ess tel ephone handset 35
according to a second preferred enbodi nent of the invention, with a
pi voting antenna in an open position; FIG 11 illustrates a
side view of the handset of FIG 10; FIG 12 illustrates a rear
view of the h¥QIEP2¥} FIG 10; WO 97/13290  PCT/US96/15834
151 hustr ot on f th :1 f FIG 10 tz th ant eEIhS

Il lustrat r Vi of the set o Wi e

it?;dul eufem)v and 78, whic ﬁ\%‘f—q' @artgg??q\pm irguits, %repﬁbpw&qmg@@&meéd@a vi ew

of the handsa cmfmt board 80 within Antenna modilé. .'-.t415Arﬂérﬂﬁf:1 Eﬁ'ﬁﬁ&oﬁn&@ﬁ lt|6: Ing -
aken 2l ong 15 s ‘i@"ﬁ@"’é“‘*‘e 23R 4R Cﬁi{ Beoh4 M RECORRNGR s it i cu
of a pivot pl%fR cpnnerfedy by foaygisl cable 84 rextending ndeuglyfbare4 10, 0 FI G
16(b) i 1] st redngsoreengs itothd hamdsetised in t he assenbly of FIG 16(a);

An annular shaped pad, ring, or washer 86 of material is disposed
between antenna module 34 and wall 46 of recess 36. This material
comprises any of a variety of well known low surface friction or self
lubricating materials which provide support to antenna module 34 while

10 presenting a low friction surface for rotation. At the same time, this
material can be chosen to help damp the motion of antenna module 34. In
addition, a detent mechanism for establishing definitive positions for the
antenna, can be used between walls 46 and 70, as also discussed below.

With the type of mounting disclosed above, antenna module 34 can

15 rotate freely providing an ability to correct or adjust the antenna vertical
orientation about one axis of rotation, 40. That is, a handset user can rotate
the antenna to a desired vertical position for use, which improves
communications. Various positions for antenna 24 relative to handset 12
are shown in the rear view of FIG. 3. Typically, antenna 24 need not rotate

20  any farther than shown on the right side of FIG. 3, and a stop mechanism
(not shown) may be used to prevent further clockwise rotation. Detents or a
detent mechanism, discussed below, may be used to set the various
positions.

When used in combination with other elements such as

25 counterweights or magnetic actuator and driver mechanisms, this vertical
correction can be provided automatically. However, in many applications it
is also desirable to accommodate vertical correction of antenna position
about a second axis. The mounting structure used for antenna module 34 in
the present invention provides for such correction.

30 Antenna module 34 is mounted in recess 36 in a manner that also
provides for rotation about a second pivot axis that is perpendicular to first
pivot axis 40, allowing vertical antenna alignment about two axis. This is
accomplished by tailoring the shape of the interface between antenna
module 34 and wall 46. The mating surfaces used in this interface structure

35  are positioned parallel to each other but at preselected common angles to a
predefined handset axis, or exterior walls, when the antenna module is
rotated to a closed position. In other antenna positions, the slanted surfaces
interact to produce an offset about the second axis. This is shown in more
detail in FIGS. 4 - 6.



10 FIGS. 17(a), 17(b), and 17(c) illustrate alternative pivot plate

and arm assenblies useful in the assenbly of FIG 16; FI G
18 iflustrates alternative spring nmechani sns useful in the assenbly of
FIG 16; FIG 19 illustrates a rear view of the handset of FIG

10 showi ng 15 several optional positions for the antenna; and

FIGS. 20(a), wBeise@nd 20(c) illustrate a side view of thephandaslenf
FIG 10 with the antenna in an in-use vqptical position, an Inactive

posi tion, and a cl osed position, respectively. 20 DESCRI PTI ON COF
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al l'ows i mpr 0ugd A" T8 shHohR th FRL 40U 1hG ol betweed WAIPTY SRD s 4! O
further igproyes conmuni atjon sysi emal?r%r or nence. 1 ondl _ i“fvent i on
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usage. Wen tMHOUERt el dOesperially syhere fronty wadlel2 #self has rrc hnglied nor
i ncor por at edvaryihgshapegius showRo FIGSL." Thé uﬁgnﬁfﬁn@fmwb&fﬂgﬁﬁﬁslgﬁ or bfsgf es the
t d . AXI lch i u ]
per pendi 1 2R 1P K ofmpERARE B XRhud o3 YBLE b 1Re HpBst When acing ant an
35 angl e t h&Peaksraedsmicephene [ipt appurpraite prsitioms dfvetusdur Therefore, alwout an
axis t hakisiextgraling [thtough tHtteSRADREMPOhents R8shbin HIFI@S! 9Ngagl S

i - .| | orientation In a
| 3ih|r]:af:'??ogypgg%gér{é§£5 %'Fs%nég ﬁg?‘ |rr§%' which %Fﬁgﬁ‘f’g Serat Bt anglen Atgthe
conpensat e f 8#Mpdime, Wall 79 of ansenna-magdde 34 is positioned parallel to wall 46,
15  and slants at the same relative angle between upper and lower module walls
50 and 52, making the module appear thicker on one side, 50, opposite
antenna 24.

The actual dimensions of antenna module 34 and relative angle of
side walls 50 and 52 to inner wall 70 are not restricted to the relationship
20 shown, but could obtain a variety of positions and dimensions. These
angles are determined by the desire to have the antenna module walls
positioned flush with the handset walls and provide a profile that does not
extend beyond back wall 14, but this is not a requirement of the invention.
In using the invention, it is important only that a central axis 88 of antenna
25 24 be offset at an angle in relation to wall 70, which is typically the same as
the offset between wall 46 and the first surface or predefined axis. However,
this is done for convenience in positioning the antenna parallel to the
handset within recess 44 when closed, but if recess 44 is also positioned at an
angle along the back of the handset, then antenna 24 can assume a different
30  angle in relation to wall 70, than that used to establish the position of wall
46. That is, the angle used to position central axis 88 of antenna 24 relative
to wall 70 is determined in part by the rest angle desired for antenna 24,
parallel to wall 14 or not, when‘the antenna module is rotated to a closed
position. For purposes of discussion only, the slant or offset angle between

35 wall 70 and central axis 88 is treated as being the same as for walls 46 and 12.
As shown in FIG.4, since both walls 46 and 70 are substantially
parallel to each other, any offset angle between these walls and a preselected
vertical axis of the handset (or speaker/ microphone axis), is cancelled out for
antenna 24 in the closed position within recess 44. That is, while the angle

O




m cr ophone for use. WO 97/ 13290

PCI/ US96/ 15884 8 _A

. Wireless communi cations device in the formof a portable or handhel d
t'el ephone constructed and operating according to the principles of t he
present invention is shown beginning in FIGS. 1 and 2. In FIGS. 1 and 2,
a portabl e tel ephone or phone handset 10 is illustrated having a housing

with front and¥P&8HI32¥al|s 12 and 14, respectively, along wit ’Hmlsssdpper
and side walls 16 18, 20, and 22. An anttnna 24 pivotally nmounted on rear
wal | 14 of the elssom%sstowedlnaclosed or inoperatjve posjtion

within an el o?fg 46 cyau el 8RR 2 Jremyrearovalle of handiset 49, thel s 14
and 20. 10 matching\atiglama @4dll V8 campenseteindialigndeantrl arists8nsfaantehhah ar e

useful in . 24 $AbAld W ?eaq%qn»{u AR08 18 0wV, A anitiha Hfque B! &
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use in such s‘?sltoéﬁﬁd wall 7@ mer langer (roumteracts plheapffsedtimpasted bygwall 46.

frequenci €. Inistead, theainglasidfaht ewdtwhills Bedin to add&@éihe@ﬂtﬁﬂ@ﬁﬁétx@ﬂftenna
design in phﬂﬁﬁ’djagf aR QvER &toﬁsee% f&n%‘t Hﬁ{]ﬁ’?f; oct afil ar antennas are
ur u.

preferred. S ennas a cusse S. Patent
Appl i cations Seri aih Pﬁ&% @EkSaEPFdSIQBFS@Z wals éhhand| Hidiscussed

above are seen in relat1on to the illustration of FIG. 5. In a closed position

with an antenna module rotation of (°, as seen in FIGS. 4 and 6(a), the

10 relative angle of offset for walls 46 and 70 with respect to a predefined

~ handset axis (discussed above) is 8 and the relative offset angle for antenna

24 central axis 88 is 0°. When antenna module 34 is rotated about 180°,

positioning antenna 24 directly above wall 18, the relative offset angle for

antenna 24 central axis 88 is 20, the sum of both wall offsets. For any

15 position in between these two, the resulting relative offset angle is 26 times

the ratio of the rotation angle to 180°. Those skilled in the art will readily

understand how to extend this to rotations beyond 180°. This results in the

base of antenna 24, which can be viewed as antenna module 34, rotating

about a second pivot axis 90 that runs between side walls 20 and 22 and

20  parallel with the interface between walls 46 and 70. This second pivot axis is
substantially perpendicular to the first pivot axis, 40, described above.

The interaction of the axis and angles for walls 40 and 70 are
illustrated pictorially in FIGS. 6(a) and 6(b) without the extra structure of the
antenna module and components. In FIGS. 6(a) and 6(b), the two lines

25 labeled 40 and 70 represent parallel walls 40 and 70, while line 88 is the
central axis of the antenna and line 40 represents the first pivot axis for the
antenna module. Lower line 92 represents the predefined axis extending
through or along handset 10 from which it is desired to offset antenna 24. In
FIG. 6(a), axis 88 is positioned parallel to predefined axis 92 and walls 40 and

30 70 are offset at an angle 8; with respect to the predefined axis. At the same
time, antenna axis 88 is projected at an angle 6> with respect to wall 70.
Generally, 8; equals 03 , although not required, and the antenna axis is
parallel to the predefined axis. As the antenna module is rotated 180°, the
configuration shown in FIG. 6(b) is obtained. Note that walls 40 and 70 are

35 now reversed with respect to each other, noted by the end points A and B,
but are still parallel and offset at angle 6; with respect to predefined axis 92.
However, antenna axis 88 is now offset by the total angle 6; + 02 with respect
to predefined axis 92.



"Quadrifilar Helix Antenna And Feed Network " and "Dual -Band Cctafilar
Hel i x Antenna", respectfully, which are incorporated herein by reference.

However, those skilled in the art will also recognize that for sonme 20
‘appl i cations, such as where stacked antennas are enployed, a tel escoping
antenna or antenna radonme can be used. Antenna 24 is illustrated as having

a tel escopi ng.gggpﬁg”pody Inserted into a | ower housi ng. PCT/US96/15884
Tel ephone handset 10 conprises a generaljgy rectangul ar housing,

manuf actured fromrelatively Iightweight materials known in the art, such
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about 180°, the antenna is posmoned relative to the handset as shown in
FIG. ¢ with antenna axis 88 positioned at an angle a to axis 92, which is equal
to 8; + 82, However, those skilled in the art will readily appreciate that axis
92 is shown for purposes of illustrating a predefined handset axis, and other

15 axis, such as a central axis of the housing, can be used for selecting an
appropriate antenna orientation, as desired.

A preferred offset angle 8; for walls 40 and 70 is in the range of 5° to 7°
which provides an offset angle of around 10° to 14° when antenna module
34 is rotated 180° from the closed position. The offset becomes around 5° to

20  7° degrees when the antenna module is only rotated 90° to extend antenna
24 out to one side of the handset. A more typical position for use of handset
10 is a rotation closer to about 135°, or 225°, which results in an offset of
about 7.5° to 11.5°, which is a desired range. However, those skilled in the
art will readily recognize that the offsets or offset angles can be chosen

25 according to historical use of the given handset or the handset design, and
the teachings of the invention apply to a variety of such angles. In some
applications, it could even be possible to select wall angles or use spacers or
wedge shaped spacing material between the walls during manufacture or
assembly to change the offset according to actual usage.

30 An alternative technique for providing vertical correction of antenna
orientation along a second axis is presented in FIGS. 10-20. Here a second
portable or handheld telephone constructed and operating according to the
principles of the invention is shown having a phone handset 110, as before,
with front and rear walls 112 and 114, respectively, along with lower, upper,

35 and side walls 116, 118, 120, and 122. An antenna 124 is pivotally mounted
on rear wall 114 projecting generally upward over the top of the handset. As
stated above, antenna 124 is any one of a number of antennas found useful
for satellite communication systems, such as, an octafilar helix antenna.
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9 The nounting of antenna 24 on rear surface 14, is shown in
t he rear view of FIGS. 2 and 3, with further details presented in FIGS.
4 and 5. In FIGS. 2 and 3, antenna 24 is shown nounted on an antenna
nodul e 34 which is pivotally nounted in a recess 36 in rear wall 14 of

the phone 5 handset using a pivot joint 38. Pivot joint 38 defines a pivot
axi s 40 whi chWO91328t ends general |y peiﬁendl cular to rear RGOS 16 a

pr edefi ned handset axi s extendi ng rough the speaker and m crophone,
as discussed furt bel.ow. . The housi ng has eI on recess 44
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24, or a radorapuémthmdnfrom tﬂahmlydrgl‘aweigimnatenaimknowot in theuget. with
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use sidel®r upBdB2walls, instead being flush with walls 18, 20, and
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recessed i nt Cidw v‘*@'iz s \H&%ro? 15N U 26 éierﬁ- 1 %d's
W B G 12 gy SR 43

circul ar ecrease a TS 20 and
22. Upper WaFl?r antennggzg,fxs t%mamteqi soRyfars |aﬁfqrma @94}1}13 a?4 s‘ﬁb’ﬁb 0 | ower
wal | 48 of tpévotaitednounted in a recess 136 in rear wall 114 using a pivot joint 138

15  which defines a pivot axis 140 extending transverse to either rear wall 114 or
generally perpendicular to a predefined axis extending through the speaker
and microphone, as discussed further below.

As before, the shape and dimensions of recess 136 substantially match
those of antenna module 134, so that in a closed position, as shown in

20 FIG. 20(c) module 134 is substantially flush with adjacent surfaces of the
handset. An elongated recess 144 extending along a central position of rear
wall 114 receives antenna 124 when not in use, as illustrated in FIGS. 12, 13,
and 20(a)-(c). In the illustrated embodiment, recess 136 is generally circular
in shape with a flat inner wall 146 (FIG. 14) and a curved side wall or surface

25 148. In this embodiment, wall 148 is circular with a height that decreases
adjacent to side walls 120 and 122, and additionally adjacent upper wall 118.
Upper wall 118 of the handset is of similar circular shape to side wall 148 of
the recess.

As stated above, antenna module 134 and recess 136 are of

30 substantially matching shape and dimensions, selected to permit antenna
module 134 to pivot freely about pivot axis 140. The shape of antenna
module 134 preferably matches the shape of adjacent surfaces of the phone
housing for aesthetics. In this example, antenna module 134 is generally
circular in shape with a circular outer side wall 150 curved to approximately

35 match the curve of upper wall 118 or recess side wall 148. In addition, the
profile of antenna module 134 is generally adjusted to be as thin as possible,
especially toward outer edges, so that it extends very little above the general
lines of rear handset surface 114. The outer wall of antenna module 134 may
employ ridges or fins 159, in a manner discussed above for heat dissipation.



25 As stated above, antenna nodul e 34 and recess 36 are of

substantially mat chi ng shape and di mensi ons. Any shape may be sel ected
whi ch permts antenna nodule 34 to pivot freely about pivot axis 40
‘when the antenna is not retained in elongated recess 44. However, the
shape of antenna nodul e 34 is preferably selhect ed s]thch that it matches
t he shape of ' surfaces of 30 the phone housing for
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10 is illustrated in FIGS. 13,14, and 15, and resulting operation in FIGS. 19
and 20.

In the rear view of FIG. 13, antenna module 134 has been removed
from phone handset 110 and support plate 154 is visible in the bottom, or
back, of recess 136. To provide stability and extra support, as well as a stop

15  position, as desired, a portion of plate 154 in this embodiment extends into
an undercut or recessed portion of rear wall 114 under wall 148. However,
those skilled in the art will readily recognize this is not required and plate
154 can have a completely circular or other shape as desired for
accommodation in recess 136.

20 Support plate 154 is shown having several spaced apart depressions,
or projections or ridges 156, distributed along an arcuate path on an upper
surface (196). These are used as part of a detent mechanism for establishing
definitive positions for the antenna, as discussed below. A passage 158 is
centrally located in plate 154 and is centered about pivot axis 140. Passage 158

25 is used for mounting antenna module 134 as shown in an exploded view in
FIG. 14 and a side sectional view in FIG. 15.

In FIGS. 14 and 15, antenna module 134 is shown mounted with a
pivot joint 138 on support plate 154 within recess 136. Plate 154 serves to
support module 134 as it rotates about pivot axis 140. Using a flat support

30  plate with an area close to that of the base of antenna module 134 provides
very stable support, and allows the use of self lubricating type washers or
spacers to facilitate rotation of the antenna module while maintaining
adequate environmental sealing for interior cavities.

Pivot joint 138 includes a pivot member or pin 160, which is secured

35 approximately in the center of a flat inner wall 162 of antenna module 134.
Pin 160 extends outward from wall 162 and engages passage 158 on plate 154.
Pin 160 comprises any of a variety of known devices used to form rotating
joints. In this embodiment, pin 160 is formed as a cylindrical member
having an inner passage 164 surrounded by deformable sidewalls, typically



manuf act uri ng handset 12. In the exenplary enbodi nent, outer wall 58 of
nmodul e 14 has a plurality of parallel, heat dissipating fins 59, as
_illustrated in 5 FIG 2. Fins 59 nay be manuf actured from a suitable

met al havi ng i nproved heat dissipating properties, such as al um num or
the like, or may be of the sane plastic material astypically used to
manuf acture the remai nder of the antenna nodule. Antenna 16 i s secured

to the | ower WEPPMIA 52 of the antenna ;ﬂ)dul e usi ng known PEHHIN6GTRES
such as but not l[imted 10 to, press fidhi ng, using adhesive corrpounds

set screws, retaining rings,  or t hreaded surfaces. shown
best in FI GS.achieyed using series ofitunr slotsoergapssalong the Sldwaﬂtkﬁﬂgﬂh tp| at

wal | 46 on t helldwrdde deformatidrumA Sdridsesfldekiag tdbd 166, ar Al dbAtinuous lipidie 38.
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25 flange angs %umaaﬁpmhv Thagaeékmyahﬁcthécaaé wﬂwe@ﬁﬂ Mﬁ&érs%drﬂfa% 62
ext ends from inner nd.is,sh fl.ange 68 for
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in the art. A@pu@klpa@mmdganlpﬁt@@hally perpendicular to the upper surface of support
plate 154.
Inner passage or bore 164 of pin 160 is aligned with an opening 172 in
wall 146 to provide a passage between the inside of antenna module 134 and
20 the main body of the handset, where various conventional or known
electronic components used to manufacture a portable telephone are located.
Preferably, some of the electronic components used in the handheld
telephone are mounted within antenna module 134, rather than in the
handset. In the illustrated embodiment, RF components 174 and 176, which
25 form parts of transmitter, receiver, low noise amplifier and power amplifier
circuits, are shown being mounted on a circuit board 178 within antenna
module 134. Other components for controlling and operating the telephone
unit are mounted inside the handset, in a conventional manner. The
antenna is connected to the components in the antenna module through a
30 coaxial cable 180, and the RF components are in turn connected by coaxial
" cable 182 extending through bore 164 to the components in the handset.
Antenna 124 is secured to sidewall 150 on an upper portion of the
antenna module. Antenna124 can be secured in place using known
techniques, such as but not limited to, press fitting, using adhesive
35 compounds, set screws, retaining rings, or threaded surfaces. An annular
shaped pad, ring, or washer 186 of material is disposed between antenna
module 134 and wall 146 of recess136. This material, discussed earlier,
comprises any of a variety of well known low surface friction or self



menber such as a fibrous pad (not shown) pressing against the races could
al so be used for danping, as desired. An i nner passage or bore
74 of - bearing assenbly 60 provides a passage 35 between the inside of
~antenna nodul e 34 and the main body of the handset, where vari ous
conventional or known el ectronic conponents used to manuf acture a
ortable'teleggﬂﬁ e located. Preferably, sone electronic
Eonponents use |§3??|e handset are nmountgd w thin antenna RIS (1] s
rather than in the handset. In the illustrated enbodi nent, RF conponents
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However, those skilled in the art will readily recognize that other angles,
larger or smaller, can be used according to the design of handset 110 and the

10 communication system involved. Alternative offset angles or rotations fall
within the teachings of the present invention.

As shown in FIG. 14 and in the enlarged view of FIG.16, a second
pivot axis 190 extends through a central portion of plate 154 between sides
192 and 194. This axis is typically located centrally between upper and lower

15 surfaces196 and 198 of plate154, however, for various manufacturing
reasons, to use leverage, and so forth, this axis can be positioned off center,
as desired. In addition, the thickness of plate 154 need not be uniform, and
can be thicker along the pivot axis to accommodate pivot arms, while using
a minimum of material elsewhere.

20 Two pivot arms 202 and 204 extend from sides 192 and 194,
respectively, of plate 154, along pivot axis 190. These arms extend into
matching mounting passages 206 and 208, respectively, in recess wall 148
which receive the arms and holds them in place during use. The
dimensions of passages 206 and 208 are such that while they accommodate

25 the arms and allow free rotation, they are not loose.

Arms 202 and 204 can be manufactured using several well known
techniques and structures, some of which are illustrated in FIGS. 17(a) - 17(c).
As shown in FIG. 17(a), the arms can be formed as a unitary part of plate 154
when it is manufactured, such as by injection molding or machining from a

30 single piece of material. Alternatively, as shown in- 17(b), the arms can be
formed by inserting pins 210 and 214 of appropriate dimension’ in
depressions 212 and 216 formed in the sides of plate 154. In those situations
where antenna module 134 is mounted on upper surface 196 of plate 154
without using a passage 158, or axis 190 is offset from passage 158, an axle 218

35 and be inserted through a passage 219 in plate 154 as shown in FIG. 17(c).

To provide a motivating force for plate 154 to move or re-orient itself
relative to second pivot axis 190, a pair of torsion springs 222 and 224 are
used. Torsion springs 222 and 224 are positioned around arms 202 and 204,
respectively, and have ends or end tabs that interact with passages (203, 205)



10 presenting a low friction surface for rotation. At the sane tine, this
mat eri al can be chosen to help danp the notion of antenna nodule 34. In
~adartron, a detent nechanismfor establishing definitive positions for the
" antenna, can be used between walls 46 and 70, as al so di scussed bel ow.

Wth the type of nounting disclosed above, antenna nodule 34 can 15 rotate
freely providing an ability to correct or adjust the antenna_vertical
orientati on abWo9743280 axi s of rotation, . That is, a hands&CT{{S¥158%,
rotate the antenna to a desired verttcal position for use, which
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shown i n nore again using recesses in plate 154 or wall 146 for positioning.

A mechanism is used to lock plate 154 in place when the phone
handset is not in use, and to release plate 154 for travel to the designated
angular offset or position, when the antenna is placed in an operational

20 mode. This can be done by extending a latch arm 230 through a latch passage
232 in plate 154, as shown in FIGS. 16(a) and 16(b). Latch arm 230 is shaped
so that one end has a notch 234 for engaging top surface 196 of plate 154, or a
recessed edge in plate 154. An opposite end of latch arm 230 has a passage
236 for pivotally mounting the latch arm in handset 110. This mounting

25 can use a pin 238 or similar means to secure the arm in place, for example
using a support block 240 under wall 146, as shown in FIG. 14.

A spring 242 mounted in a passage 244 presses a plug, small rod, or
pin 246 against arm 230 from one side of plate 154 to force latch arm 230 to
rotate about pin 236. The top 235 of latch arm 230 is beveled, slanted, or

30 otherwise narrower at the top. This means that the top of latch arm 230 is
deflected sideways, and the arm rotates one direction about pin 216 when
plate 154 is pressed down over latch arm 230. The force of spring 242 then
pushes latch arm 230 sideways and causes notch 234 to extend over the
surface of plate 154 once it clears the opening of latch passage 232.

35 In order to release plate 154 and allow springs 222 and 224 to rotate the
plate about pivot axis 190 to a desired offset angle, a release mechanism 250
is provided on another side of handset 110 and plate 154. Release
mechanism 250 uses a release rod or pin 252 extending through a passage 254
in side wall 122 of handset 110. A button or cap 256 on pin 252, provides a



detail in FIGS. 4- 6. WD 97/ 13290
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Returning to FIG 4, vvaII 46 is not disposed parallel to front wall 12
but is slanted so that it is positioned closer to front wall 12 near top

wal | 18 than near recess wall 48. This results in an offset angle
[err] betweenywalhs Z%Q and wall 12. This is shown in FI

angl e bet ween vvaII and axis 40, 5 wpich is perpendicular to wall 46.
Front wall 12 is used only for illustration purposes in FIG 4, and
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nmodul e appearmight bk@sedto celeasgianieenra(24dppnaeteds 144. ant enna 24.

10 When plate 154 is released and rotated by springs 222 and 224 about
pivot axis 190, it stops at a preselected angle of rotation which places top
surface 196 at a desired angle with respect to a predefined handset axis, as
discussed below. The angle at which plate 154 stops rotating can be
determined using a number of different techniques known in the art. Plate

15 154 could be allowed to rotate until it strikes wall 146 or an overhanging
portion of rear wall 114. However, in the present embodiment a tab 260 is
formed on one side of plate 154 as shown in FIG. 15. Tab 260 interacts with a
notch or stop surface 262 formed in wall 148 to stop the rotation of plate J. If
adjustment is desired; a set screw 264 could be positioned in wall 148 to

20  interact with tab 260, as shown in FIG. 18. A typical range for the offset angle
for plate 154 is around 7°-12°, as discussed above.

With the type of mounting disclosed above, antenna module 134 can
rotate freely providing an ability to correct or adjust the antenna vertical
orientation about one axis of rotation, 140. That is, a handset user can rotate

25 the antenna to a desired vertical position for use, which improves
communications. Various positions for antenna 124 relative to handset 110
are shown in the rear view of FIG. 19. Typically, antenna 124 need not rotate
any farther than shown on the left side of FIG. 19, and a stop mechanism
{(not shown) may be used to prevent further counter-clockwise rotation.

30 Rotation of antenna module 134 in recess 136 on handset 110 using
the above embodiment of the present invention is also shown in the side
views of FIGS. 20(a), 20(b), and 20(c). Here, the antenna is shown rotated to a
vertical in-use position, a vertical inactive position, and a closed position,
respectively. In the vertical in-use position of FIG. 20(a), a central axis 272 of

35 antenna 124 is positioned at an intersecting angle to a predefined handset
axis 270. In this example axis 270 extends through speaker 128 and
microphone 126, although other axis could be used for orientation purposes.
In the inactive position, antenna 124 is positioned above or aligned with
recess 144 but plate 154 is still rotated to an offset angle. Therefore, antenna



The actual dinensions of antenna nodule 34 and rel ative angl e of si de
wal s 50 and 52 to inner wal|l 70 are not restricted to the relationship 20
shown, but could obtain a variety of positions and di nensions. These

‘angl es are determ ned by the desire to have the antenna nodule walls
positioned flush with the handset walls and provide a profile that does not
extend beyond back wall 14, but this is not a requirenent of_the invention.
In using the WQ8HI®®h, it is inportant gnly that a central BX}HS¥%45%{
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typically the same as the of fset betwe n wal | 3 dtheflr%I surface
or predef i ned24extendsighan angle to reartWﬁlku%a recesldd. ﬁ@ﬁ sgck ppsitio

posi tioning tgigtears4qs Rotapst fl bepartatlelt with the désiredsads, Wutl’maa handsﬂsaxm when

closed, but i 0r eﬁ%%ﬁten?a'lﬁ?&%ﬁs whRH ;&8&%4‘% ?(%rwall ngngl e al ong the back

of the hands enna can assune angl
relation to wal | Bincet Ham inyentions @gsures é?-?*aﬁh? s’WthH@ ﬁﬁsﬂnc"?wso aMﬁI f

46| That iss, rbﬁ'@n&ﬂ!}} ﬁeﬂtﬁ&ﬂdoﬁ&ttﬁﬁémtﬂﬁnrﬁﬁmdxﬁbg&!rrSu&‘ﬂl &in be1b fﬁﬁﬁz@d .

rel ative t re

for antenna 7%, 't N XF&%?FI}%E%AN fﬂ&%r}gﬁﬁ%&n %\ﬂ%gﬁféﬁéﬁta% enna uI eis
rotated to a tcamiiedan imppersd canmupigation: sisters psrfomangesi on onl y, the
slant or of fset ar’lq{e &eid@%sé?hoﬂ\@f the/Predéided Gﬂibbaimémb Ss ggo\h&eﬂ &63'[ ed
as being the sag‘a or vvaIL g_l ¢ o

si nce both waf% 348“35138’3?3 dsﬂ'b aﬁrtl 9| mgke or usﬁaP§|Rf§Fe'} neggﬁm& her
any of f sel0 aribhe variowesodifications 4o thesgrembodgl $ auitl che readily apparenditoaxi s
of the handsegoko rskﬂﬁ:aaiiﬁ HdThft] BRAQRE gbWefit  pririciPies GR¥ined Hubin! Q{ay be

gz;legna 241 n t 1eedci!ooo gmgoéfn?er}ttg“ v}lmort]lt rtﬁg %ges ofmhe quae}\tlvg facu __e Ftorlle

example, this technique is useful for advanced non-satellite wireless systems
as well. Thus, the present invention is not intended to be limited to the

15 embodiments shown herein but is to be accorded the widest scope consistent
with the principles and novel features disclosed herein.

What we claim is:
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with the principles and novel features disclosed herein.

What we claim is:



25 | abeled 40 and 70 represent parattet—wal+s- 40 and 70, while line 88 is

t he central axis of the ne 40 represents the first pivot
axis for the antenna no M m Iim |92 represents the predefined
-axi s extendi ng t hrough o 10fromwhich it is desired to
of fset antenna 24. In FIG 6(a), axis 88 is positioned parallel to

predef i ned a@&%ﬁnd wal I's 40 and 30 70 are offset at anp@f)gédpnbsdh’ |
with respect to e predefined axis. At24 he sane time, antenna axis 88
is projected at an angle [err] with respect to wall 70. General ly,
[err] equals [err] , although not req}t HQ* gand the antenna axis is
parallel to the predefined axis. e antenna nodule is rotated 180[err],
t he conflguratlon shown in FIG 6(b) is obtained. Note that walls 40
and 70 are 35 wArRartable wirgless qomypupications devicetnamprisinged by the end

points A and B, adewcé)]:iéusiﬁ still paraIIeI and offset at angle [err] with
respect to predefln

d_axi nt,enna axis 88 is now of fset
by the total andfe? 8??7 IEO 'é‘ F’W*?ﬁ?‘? sg %rth %Fﬁlcﬁréﬂ‘é"‘fl?ﬁeﬁ" Rs 92.
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PCT/ US96/ 15884 predetermined orientation about said first axis durin use14ndependen _The
al i gnnment a S‘ m# e{actlo of antenna 24, antenna nodu 4, axi s

92 are ﬂn?‘h 8% erior side views of FIGS. 7 8, and 9. In
FIGS. 7,. 8, and af, aftenoix eprojetting slovgna idirextipar froml Isgnddnmﬂertmmedt ate, a

8 vertically when said module is in said predetermined orientation; and
means for rotating said antenna module relative to a second pivot axis
10  which is perpendicular to the first so as to provide vertical orientation along
said first axis. |

2. The wireless device of Claim 1, wherein said means for rotating
2 comprises a support platform pivotally secured between said antenna module
and said housing with a pivot joint for rotation about a second predefined

4 axis to allow vertical orientation along said first axis.

3. The wireless device of Claim 2 wherein said support platform is

2  rotatable between a position in which said antenna is positioned substantially
parallel to a predetermined device axis, and a second position in which said

4 antenna is positioned at a preselected angle to said predetermined device axis.

4. The wireless device of Claim 3 wherein said preselected angle is in
2 the range of 6-16 degrees.

5. The wireless device of Claim 3 further comprising latching means
2  for securing said platform in a substantially stationary position.

6. The wireless device of Claim 2 wherein said support platform is
2 mounted within a recess in a back wall of said device.

7. The wireless device of Claim 1 wherein said device is a handheld
2 wireless telephone.

8. The wireless device of Claim 1 wherein said antenna is configured
2 for dual frequency operation and transfer of communication signals using a
satellite.



cl osed position, and an open position, respectively. In FIG 7, antenna 5
nodule 34 is positioned next te—the main handset housing with |nter|or
~wal | s*40 and 70 aligned parallel to each other, and axis 88 of antenna 24

aligned with axis 92 and rear le’mg"ﬂ”rlﬂn 'mmﬂ antenna nodul e i s nmount ed
on flange 68, or simlar pivot Lt 10 is configured in a

cl osed position as shown in FI'G '8. "I " FI'G 8, antenna 24 rests in
recess 44 and W@9HH29,| j gned with rear yall 14 and axis 92. DFEHS%At%8Ana
nodule 34 is rotated about 180[errfy the antenna is positioned
relative to the handset as shown in FIG 9 with antenna axis 88
positioned at an angle a to axis 92, which is equal to [err] + [err].
However, those sRi |IThedwireldsbalevide of Claifreagiviiyeraippsgidl Ae@ns Ndk d¥asn 92
IS shomn for Rases of illustrating a predefined handset axis, and other
15 axis, sUehTas 3 central axis of the housi ng, can be used for sel ecting
an appr opr i at Brsinsuppest ovalbniogatednon asaidedevise. and positioned at a

preferred ofﬁr@&ﬂeomwdueglé Wit refspéct\»t6|a| ed&eﬁﬁ&xeﬁodé\ﬁcé &xis; hﬁ\dr ange of S[err]

to 7 f d 4
when ant bnna moadiseord SUERLECa Bid %ﬁei&?@‘ﬁﬁ%ﬁﬂ%&?ﬁ"% BRI | on
The of fsét paewnted en saitfigitsupportowall, beingrsubstiedialy sparhlel tchsaidrfimtina
modul e is orwézn bat aset ﬁsﬁ\egalh rftefirtd %@uﬁwde%aﬁaxd antgﬁnQ%oﬁgleo'B? &1 de of

t he hand get- Q?rgztgﬁ & P05|t|on for use of handset
rotation cl5§3?1 Bresistied fagle- o 225[err], which results in an offset of
about 7.5[err] to 11.5[err], which is a deS|red range. However, those

skilled in the 10, Tavet Wﬁeléssr&éb%é Bbfr@&@ﬂanﬁhEF@ﬂ 508 R{}ES@J‘}C\F@% x{aﬁn ;zgz

| b h t t | ft
ngt ﬁz ﬁ Qdé’gf{’bc“d'%i‘i‘g?f‘g?%? %ﬁge[’eg"feﬁgﬁﬁﬁfiﬁé’g’cgf ??\g |Onvent| on apply to a

variety of such angles. In sone applications, it could even be
possible to select wall angles or use spacers or wedge shaped spaci ng
material between the walls during manufacture or assenbly to change
the offset according to actual usage. 30 An alternative technique
for providing vertical correction of antenna orientation along a
second axis is presented in FIGS. 10-20. Here a second portabl e or

handhel d t el ephone constructed and operating according to the



principles of the invention is shown having a phone handset 110, as before,
with front and rear walls 112 and 114, respecfively, along wth_lower,
upper, 35 and side walls 116,118,120, and 122. An antenna 124 is

pivotally nounted on rear wall 114 projecting generally upward over
the top of the handset. As stated above, antenna 124 is any one of a
nunber of antennas found useful for satellite connunicatiga %nggns,
such as, an oNYQ!VBE® hel i x antenna. WO 97/ 132GH/USIENSE

PCT/ US96/ 15884 15

Tel ephone handset 110 conprises a generally rectangul ar housi ng,

manuf actured fromrelatively Iightmeighﬂ/ terials known in the art with
one or nore ergonom c or stylish design features enployed on the various
surfaces and walls of the handset. This is shown in FIGS. 10-16 where 5
handset 110 has highly shaped and tapered corners and edges. Typically, a
portion of the front wall extends outward to support a m crophone 126, and
surface extensions or depressions nay be used tg |?peaker 128 in an
upper portion of front wall 112 of the3: ures are

il lustrated in FIG 10, along with keypad and keys 130
and visual displa¥010 unit 132. 28 ng of antenna 124 on
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view of FIG 12 and side views of FIGS. 11 and 20(a)- 20(c). In FIGS. 11
and 12, antenna 124 is shown_nounted on _an_antenna nodul e 34 which is
~pivotally mounted in a recess 136 in rear wall 114 using a pivot joint 138
15 which defines a pivot axis 140 extending transverse to either rear wall
114 or general ly perpendicular to a predefined axis extending through
t he speaker and m crophone, as discussed further bel ow

before, the sh3@9%4#0di nensi ons of recess 136 substantial | y Ffei/¥y76/15884

t hose of antenna nodule 134, so that in a closed position, as shown in 20
FIG 20(c) nodule 134 is substantially f h with adjacent surfaces of the

handset. An el ongated recess 144 extendi al ong a central position of rear
wal | 114 receives antenna 124 when not in use, as illustrated in FIGS. 12,
13, and 20(a)-(c). In the illustrated enbodi nent, recess 136 is
general ly circular in shape with a flat inner wall 146 (FIG 14) and a
curved side wall or surface 25 148. In this enbodinent, wall 148 is
circular with a height that decreases adj acent to side walls 120 and
122, and additionally adjacent upper wall 118. ' Upper wall 118 of the
handset is of simlar circular shape to side wall 148 of t he recess.
As stated above, antenna nodul e 134 and recess 136 are of 30 substantially
mat chi ng shape and di nensions, selected to pernmt antenna nodul e 134

to pivot freely about pivot axis 1{2;;ﬂ5;sha e ant enna nodul e 134
preferably matches the shape of adiacCent sdr t he phone housi ng
for aesthetics. In this exa e, antenna e/134 | nerally

150 cu

circular in shape with aefrcular outer si gd to

approximately 35 mat the curve of upper|wal] 118 or redess.si de wal
148. In addition, the profil e of antefna jnodul e 134“L§,ge erally
adjusted to be as rhin as possible, e$pecf al | y toward sout er\edges, so
that it extends véry,khttle above the genefal Iinzg 0( rear ndset

surface 114. Thd oltfer thi of antenna nndmle 134 nay/ / enploy‘}{gges.or
rd

fins 159, in a manner di scussed above for feat dissipa;}on. P
~ N/
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16 Antenna nodule 134 is nounted in _recess 136 in_a nmanner that
provides a ginbal ed structure which allows rotation about two pivot axis
that are perpendicular to each other, allow ng vertical antenna alignnment
relative to two axis. This is acconplished by nounting antenna nodule 134 5
on a support plate 154 which is nounted within recess 136. By securing

ant enna nodul eV@3¥1RY sypport plate 154 using a first pivot TNE96{158B4\ i ch
allows rotation about a first axis and securing support plate 154 in recess

136 using a second pivot joint that allows rotation about a second
axis, a very stable multi-axis ginbafist ype support is obtained. This
nmounting structure 10 is illustrated in FIGS. 13,14, and 15, and resulting
operation in FIGS. 19 and 20. In the rear view of FIG 13,
antenna nodul e 134 has been renoved from phone handset 110 and support
plate 154 is visible in the bottom or back, of recess 136. To provide
stability and extra support, as well as a stop 15 position, as desired, a
portion of plate 154 in this enbodi ment extends into an undercut or
recessed portion of rear wall 114 under wall 148. However, t hose

skilled in the art will readily recognize this is A required and plate
154 can have a conpletely circular or other shapi/?s desired for
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acconmodation in recess 136. 20 Support plate 154 is shown having

several spaced apart depressi ons, or projections or ridges 156, m
di stributed al ong an arcuate path on an upper surface (196). These are
Used as part of a detent nechanismfor establishing definitive

positions for the antenna, as discussed bel ow. A passage 158 is
centrally | osasemizegn pl ate 154 and is centered about pivot PXE/ESIEAEES4
Passage 158 25 is used for nounting antenna nodul e 134 as shown in an
expl oded view in FIG 14 and a sidegpmgctional viewin FIG 15.
In FIGS. 14 and 15, antenna nodule 134 is shown nounted with a pi vot
joint 138 on support plate 154 within,recess 136. Plate 154 serves to
support nodule 134 as it rotates abopt ﬁivot axis 140. Using a flat support
30 plate with an area close to jhat, of thn base of antenna nodule 134

I

provi des very stable suppojt, a ws the use of self lubricating
type washers or spacers_tq_igbilit e rotation of the antenna nodul e
whi | e nmai nt ai ni ng adequat e -envj r onnent fal ling for interior

cavi t.i es. Pi vot joilnt 138 includ gﬁgivot menber or pin 160,

which is secured 35 approxi matéBy in the center of a flat inner wall 162
of antenna nodul e 134. P{n 160 extends*outward fromwall 162 and
engages passage 158 on plate {54. Pin 160 conprises any of a variety
of known devices used to fornjrotating [T Qintpa In this enbodiment, pin
160 is fornmed as a cylindrical nenber haw’ng an inner passage 164

ded by def bl i depal typd I
surrounded by deformabl e si eji/vag% yPhga }y 52

34
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17 —achieved using a series of thin slots or gaps along the sidewall
lepgth to all ow for deformation. A series of 1ocking tabs 166, or a_
continuous lip, are fornmed at one end of pin 160 for engaging a
recessed edge 168 around the peri phery of passage 158 to hold the
antenna nodule in place while 5 allow ng rotation. Pin 160 can
be secured in pwgégﬂ%?ﬂ" ant enna nodul e 134 for exanple by POT/OS/15884t | ng
into a passage or opening 170 in wall 162 where thicker di mensi ons may
be used to support the pin. Alternatively, her known nmount i ng

techni ques can be used to secure pin 160 in Place such as, 10 adhesi ves,
potting conmpounds, retaining rings or clips, or threaded surfaces, as

woul d be apparent. Those skilled in the art will readily understand that

ot her structures can also be used to inplenment this pivot joint and
mounting. For exanple, the pins and lyearing assenblies disclosed in the
patents referenced above could al so bg u%ﬁg. The inportant feature is to 15
construct a pivot joint that allows anie nodul e 134 to rot@ghe about an
axi s that extends substantially perpengicular to the upper surtace of

support pl ate 154. PSS rore 0 g4—of—pta 160 i S
aligned with an opening 172 ing, wal pr Qui-tle a passage between
the inside of antenna nodul e 1§L and 20 e _ngt1 body of the handset,
where various conventional or kpbhw etect rofi& conponents used to
manuf acture a portabl e tel epttOne_a+€ | ocat ed. Preferably, sone of the
el ectroni c conponents used. :wﬁ handhel { t el ephone are nount ed

wi t hi n ant ennakodute L atTe f s dse he

illustrated enmbodi nent, RF conponents 174 and9Z6, which 25 formparts of
transmtter, receiver, |ow noise anplifier and power anplifier
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circuits, are shown being nmounted on a circuit board 178 within antenna
nodul e 134. Ot her conponents for _controlling and operating the_telephone
unit- are nounted 1 nside the handset, in a conventional manner. The
‘antenna i s connected to the conponents in the antenna nodul e t hrough a 30
coaxi al cable 180, and the RF conponents are in turn connected by coaxi al
cabl e 182 extendi ng through bore 164 to the conponents in tg%iﬁ%¥h§&4
Ant enna 124 | ¥&¥H32%d to sidewal | 150 on an upper portion

ant enna nodul e. Antenna 124 can be secured in place using known

techni ques, such as but not limted to, ggﬁfs fitting, using adhesive 35
conpounds, set screws, retaining rings, hr eaded surfaces. An annul ar
shaped pad, ring, or washer 186 of material is disposed between antenna
nodul e 134 and wall 146 of recess 136. This material, discussed earlier,
conprises any of a variety of well known |ow surface friction or self

WD 97/ 13290 PCT/ US96/ 15884
18 | ubricating materials which provide support to antenna nodule 134
whi |l e presenting a low friction surface for rotation. As

di scussed above, plate 154 is nounted . within recess 136 in such a
manner as to pivot about a second pivot axis that is Rerpendicular tojhhe

first 3 34
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5 pivot axis, 140. Plate 154 is typically configured to rock between a

cl osed position substantially parallel to recess wall 146 and a
posSition that Is offset fromparallel, or from another designated
axis, by about 10 degrees. However, those skilled in the art wll
readily recogni ze that other angles, | arger or smaller, can be used

according to the design of handset 110 and the 10 comruni catj m
i nvol ved. Al t SV@8TIRYW of f set angles or rotations fall V\H:fﬁ}ﬁ;‘?lﬁm
teachi ngs of the present invention. As shown in FIG 14 and in
" the enlarged view of FIG 16, a second y1§ot axi s 190 extends through
a central portlomgﬁepla<% £%bet ween si des 192 and 194. This axis is
typically | ocated terftr y between upper and |lower 15 surfaces 196 and
198 of plate 154, howeve various manufacturing reasons, to use
| everage, and so forth, IS is can be positioned off center, as
desired. In addition, th' hi ckness of plate 154 need not be uniform and
can be thicker along ot \axis to accomodate pivot arms, while using
a mninmumof materi ﬁ erel 20 - Two pivot arnms 202 and 204
extend from sides 192 and 194, respectively, of plate 154, along
pi vot axis 190. These arns gxtend into mat chi ng nounti ng passages 206
and 208, respectively, in rdcess\wall 148 whi ch receive the arns and
hol ds them in place during use. \ The di mensi ons of passages 206 and
208 are such that while theylacco date 25 the arns and allow free
rotation, they are not | oose. Arns 202 and 204 can be
manuf act ured using several well knmpwn techni ques and structures, sone
of which are illustrated in FAGS. Y7(a) 17(c). As shown in FIG
17(a), the arns can be forned\as a ;¥§'part of plate 154 when it
is manufactured, such as by in}ectibpn nDIdlng or machining froma 30
single piece of material. AlternatiYely, as shown in 17(b), the arnms can be
formed by inserting pins 210 a 214 of appropriate dinension in
depressions 212 and 216 forned nth sg@ss of plate 154. In those
situations where ant end8 midul e s nmounted on upper surface 196 of
pl ate 154 54
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W t hout using a passage 158, or axis 190 is offset from passage 158, an
axle 218 35 and be inserted through a passage 219 in plate 154 as shown in

FIG-17(c). To provide a notivating force for plate 154 to nove
or re-orient itself relative to second pivot axis 190, a pair of
torsion springs 222 and 224 are used. Torsion springs 222 and 224 are
positioned around arnms 202 and 204, respectively, and have ends or end
tabs that intev@ew1ama h passages (203, 205) WOPSHP§9615394

PCT/ US96/ 15884 19 in the
sides of plate 154 and recess 126. The e3ﬁ§ of springs 222 and 224 are to
fixed in these depressions relative to ¢ P al portions of the springs. If
t he springs are coiled, or uncoiled, froma 'rel axed state before
being fixed in pl ace, and the fixed |ocation of the ends of the springs
are not aligned with 5 the relaxed state, a torsional force is exerted by
the body of springs 222 and 224. This causes the spring ends fixed to
pl ate 154 to push against plate 154 and causes it ot at e about

pi vot axis 190. nate enbodi ments for applidation of a
bi asing force for noving pl ate 154 about pivot axig 190 are shown in

FIG 18. In FIG 18, the spryng{10 force can be supplieg or nore
coil 290, 280 or leaf springp 284 placed bet ween re wal | 146
and plate 154 near one edge.|In{FIG 18, one coi
j24
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sprig is shown nmounted around | atch pin 230. Small depressions 286, 288,
289 in the bottomof the plate and in wall 146 receive the ends of the

spri ngs. Alternatively, a circular |eaf spring could be nounted
coaxi al ly about pin 15 160, or one or nore |leaf type springs could be
nount ed under plate 154, again using recesses in plate 154 or wall 146
for positioning. A nmechanismis used to |ock plate 154 in pl ace
when t he phone WO%/13#ndset is not in use, and to rel ease pl aREASPH/15884
travel to the designated angul ar offset or position, when the antenna
is placed in an operational 20 node. This can be done by extending a | atch
arm 230 through a | atch passage 232 9fu5pl ate 154, as shown in FIGS
16(a) and 16(b). Latch arm 230 is shaped so that one end has a notch
234 for engaging top surface 196 of plate 154, or a recessed edge in
pl ate 154. An opposite end of |atch arm 230 has a passage 236 for

pivotally nmounting the latch armin handset 110. This nounting 25 can use
a pin 238 or simlar neans to secure the armin place, for exanple

usi ng- a support block 240 under wall 146, as shown in FIG 14.

A spring 242 nmounted in a passage 244 presses a plug, small rod, or

pi n 246 against arm 230 frQm one side of plate 154 to force latch arm 230
to rotate about pin |236] The top 235 of latch arm 230 is bevel ed,
slanted, or 30 otherw sg nafrower at the top. This neans that the top of

| atch arm 230 is def|l ecfed sideways, and the armrotates one direction
about pin 216 when @M atp 154 is pressed down over |atch arm 230. The
force of spring 242 then pushes | atch arm 230 si deways and causes
notch 234 to extend over |[the surface of plate 154 once it clears the
openi ng of | atch passage |232 33. In order to release plate 154 and
al l ow springs 222 and 224 t olLd Be the pl ate about pivot axis 190 to
a desired offset 5 | e, & re|] ease nmechani sm 250 is provided on

anot her side of hantset 210 pnd plate 154. Rel ease nechanii2>2Wm

uses a rel ease rod orlS® 25p extendi ng through a passage 254 in side
wal | 122 of handset 110. {JA button or cap 256 on pin 252, provides
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20 surface for manual activation of the release pin by a phone user. A
_spring 258 automatically withdraws pin 252 to the outer edge of the
phone handset and allows latching of plate 154 in position when it is
agai n pressed downward. However, in alternative enbodi mnents, a ball and

socket type of 5 detent nmechani sm nmay be provided between nodul e 134 and
recess 136, or WO9132%her nechani sms known in the art such aPCIEH8BoOCK
finger or latch at the | ower end of recess 144 which interacts with
the antenna. |In this configuration, hand pressure on upper wall 150
of the antenna nodul e m ght be used1@M5r el ease antenna 124 fromrecess
144. 10 When plate 154 is released and rotated by springs 222 and
224 about pivot axis 190, it stops at a preselected angle of rotation
whi ch pl aces top surface 196 at a desired angle with respect to a
predefi ned handset axis, as di scussed bel ow. The angle at which plate
154 stops rotating can be determ ned using a nunber of different
techni ques known in the art. Plate 15 2 could be allowed to rotate until
it strikes wall 146 or an over hangi ng portion of rear wall 114.
However, in the present enmbodinesf a ta Q= S formed on one side of

plate 154 as shown in FIG 15. Tab_R&& “,\\:\\%:‘ s wth a notch or stop
surface 262 formed in wall 148 \\\\}\\‘\\\\%\s\‘\)

AR ption of plate j. If




adjustnment is desired, a set screw 264 could be positioned in wall 148 to

20 interact with tab 260, as showmn in FIG_ 18. A typical range for the
of fset angle tor plate 154 is around 7-12, as discussed above.

- Wth the type of nounting disclosed above, antenna nodule 134 can

rotate freely providing an ability to correct or adjust the antenna

verti cal orientation about one axis of rotation, 140. That is

a
handset user cWO%A¥28 e 25 the antenna to a desired verticaPCHYSIYISEH for
use, which inproves conmuni cations. Various positions for antenna 124
relative to handset 110 are shown in the rear view of FIG 19.
Typically, antenna 124 need not rotate 11/1@mny farther than shown on the’
| eft side of FIG 19, and a stop mechani sm (not shown) may be used to
prevent further counter-clockw se rotation. 30 Rot ati on of antenna
nmodul e 134 in recess 136 on handsef110 using - the above enbodi nent of
the present invention is also showmzin the siad o views of FIGS. 20(a),
20(b), and 20(c). Here, the antenna \s shown Qﬂtéﬂed to a verti cal
in-use position, a vertical dnactiye p tion, \and a cl osed position,
respectively. In the verticég in-use p tion 20(a), a central axis
272 of 35 antenna 124 is pogitioned_at | ng gle to a
pr edef i ned handsgt ' : ' s 2 ext ends t hrough
speaker 128 and ' ; th xi s,coul d be used for
orientation purpoesgq’ nthe in [ it | a 124 is
posi ti oned above gned with N &l . 154 is stil
rotated to an of f s¥t glgS. |Ther ef or g\ n
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21 124 extends at an angle to rear wall 114 and recess 144. In_the

cl 0sed posriron, plate 154 1s rotated to be parallel with the desired
axi s, such as handset axis 270, and antenna 124 rests within recess 144
on rear wall 114. Since the invention assures that the antenna
or antennas have a 5 reasonably vertical orientation, the radiation
pattern used cwoou328ptini zed to have a nore vertical paPERUS6H$ids
results in nore efficient signal- energy transfer and inproved

conmuni cati on system perfornmance. 12715 The previ ous description of
the preferred enbodinents is provided to enabl e any person skilled in
the art to make or use the present invention. 10 The various nodifications
to these enbodinents will be readily apparent to those skilled in the
art, and the generic principles defined herein may be applied to other
enbodi nents without the use of the inventive faculty. For exanpl e,
this technique is useful for advanced non-satellite wirel ess systens

as well. Thus, the present invention is not intended to be limted to the
15  enbodi nent s shqgn hqggln but is to be accorded the w dest scope

consi st ent or i nti%l es and_novel features du§616§ed her ei n.

What we cIa|n1|s,
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21 124 extends at an angle to rear wall 114 and recess 144. 1n the

cl osed position, plate 154 is rotated to be parallel with the desired
axi s, such as handset axis 270, and antenna 124 rests within recess 144
on rear wall 114. Since the invention assures that the antenna
or antennas have a 5 reasonably vertical orientation, the radi€$%§gqﬁ
pattern used CWOIWES28bti m zed to have a nore verti cal ngT 5884 <
results in nore efficient signal energy transfer and inproved

conmuni cati on system perfornmance. The previous description of
the preferred enbodi nents is provided to 13/15 enabl e any person skilled in
the art to make or use the present invention. 10 The various nodifications
to these enbodinents will be readily apparent to those skilled in the
art, and the generic principles defined herein may be applied to other
enbodi nents without the use of the inventive faculty. For exanpl e,
this technique is useful for advanced non-satellite wirel ess systens

as well. Thus, the present invention is not intended to be limted to the
15 enbodi nents shown herein but is to be accorded the w dest scope

consi st ent with the principles and novel features disclosed herein.
What we claimis:
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1. A portable

wi reless conmuni cati ons device, conprising: 2

a devi ce housi ng;

an antenna nodul e pivotally secured to the device housing with a 4 pivot
joint for rotation about a predefined pivot axis for placing the nodul e
in a predeterm ned orientation about said first axis during use,

i ndependent 6 WO%4M¥8et orientation; an antenna /e 1884
along a direction fromsaid nodule oriented 8 vertically when said nodul e
is in said predeterm ned orientation; and means for rotating
said antenna nodul e relative to a second bﬁ/\;{')t axis 10 which is
perpendicular to the first so as to provide vertical orientation along
said first axis. 2. The wireless device of aim1l, wherein
said nmeans for rotating 2 conprises a support platform pivotally secured
bet ween sai d ant enna nodul e and said housing with a pivot joint for
rotation about a second predefined 4 axis to allow vertical orientation
along said first axis. 3. The wireless device of aim?2
wherein said support platform is 2 rotatable between a position in which
said antenna is positioned substantial®y

4 W to a predeterm ned
device axis, and a second posi tion in which| said a
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4 antenna is positioned at a preselected angle to said predeterm ned device
axi s. 4. The wreless. device of Caim3 wherein said,
preselected angle is in 2 the range of 6-16 degrees. 5. The

wi rel ess device of Claim3 further conprising. |atching neans 2 for
securing said platformin a substantially stationary position.

6. The wireless device of Caim2 wherein said support pl atform I S

nounted within YOeE¥82Y® in a back wall of said device. IUSD?"“H]e
wirel ess device of Claim1 wherein said device is a handheld 2 Wi rel ess
t el ephone. 8. The wirel ess deviﬁ% f daim1l wherein said
antenna is configured 2 for -dual frequency 5 ration and transfer of
comuni cati on si gnal s u5| ng a satellite. WO 97/ 13290
PCT/ US96/ 15884 / : 23
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9. The wireless device of O aim1, wherein said neans for rotating 450?520-%

conpri ses: a first support wall |ocated.on said device_and)fps?

, PosEttioned at a 4 preselected angle with respect to a predeternined twpy,
devi ce axis; and a second support wall connected to said antenna
nodul e and pivotally 6 nounted on said first support wall, bz
substantially parallel to said-first wal | but offset fro B ant enna

mount ed on sai d PEENNA MUK SRORRTY PROSSEATIRY ed angl NG

10. The wirel ess device of Cain

pr esel ect MQQN%WSQRMB’?Y"M' rwﬁ&%ﬂ c@ﬁ%ﬂmﬁw (PCT)
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(54) Title: MULTI-AXIS VERTICALLY CORRECTED ANTENNA FOR HAND:! D WIRELESS COMMUNICATIONS DEVICES
(57) Abstract

A porable wireless communications device such as a telephone handset (10, 110) having a
vertically corrected antenna module (34, 134) pivotally secured to the handset (10, 110) for rotation
about a first pivot axis (40, 140). The antenna module (34, 134) can be rotated into a predetermined
orientation, independent of handset orientation. An antenna (24, 124) mounted on the module (34,
134) is oriented vertically when the module (34, 134) is in the predetermined orientation. When the
antenna module (34, 134) is rotated for use, a mechanism incorporated in the module (34, 134) support
structure automatically rotates the antenna module (34, 134) about a second pivot axis (190) which is
substantially perpendicular to the first (40, 140). This second rotation places the antenna (24, 124) at
an angle that compensates for tilting of the handset (10, 110) during use about an axis parallel to the
second axis (190), or along the first (40, 140). That is, the antenna (24, 124) is shifted by a preselected
angle in vertical orientation, typically around 10-15 degrees, in a direction perpendicular to the first
direction of rotation to compensate for positioning a speaker and microphone (26, 28) for use.




