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(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Josep Mumbru et al.

Application No. Not Yet Assigned Confirmation No. N/A
Filed: Concurrently Herewith Art Unit: 2821
For: HANDHELD DEVICE WITH TWO Examiner: H. V. Nguyen

ANTENNAS, AND METHOD OF
ENHANCING THE ISOLATION BETWEEN
THE ANTENNAS

FIRST PRELIMINARY AMENDMENT

MS Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Dear Madam:

INTRODUCTORY COMMENTS

Prior to examination on the merits, please amend the above-identified U.S. patent

application as follows:
Amendments to the Specification begin on page 2 of this paper.

Amendments to the Claims are reflected in the listing of claims which begins on page 3

of this paper.

Remarks/Arguments begin on page 8 of this paper.
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Application No. Not Yet Assigned Docket No.: 47005-P040WUSC2

AMENDMENTS TO THE SPECIFICATION

Please add the following at after the Title of the invention:
CROSS-REFERENCE TO RELATED APPLICATIONS

This patent application is a continuation application of U.S. Patent Application No.
13/341,051. U.S. Patent Application No. 13/341,051 is a continuation application of U.S. Patent
Application No. 11/988,888. U.S. Patent Application No. 11/988,888 is a national-stage filing of
Internationa Patent Application No. PCT/EP2006/007050. International Patent Application No.
PCT/EP2006/007050 was filed on July 18, 2006. International Patent Application No.
PCT/EP2006/007050 claims priority from European Patent Application EP 05106694.2,
whichwas filed on July 21, 2005. International Patent Application No. PCT/EP2006/007050
claims priority from U.S. Provisional Patent Application No. 60/702,205, filed on July 25, 2005.
U.S. Patent Application No. 13/341,051, U.S. Patent Application No. 11/988,888, U.S.
Provisional Patent Application No. 60/702,205, International Patent Application No. PCT/
EP2006/007050, and EP 05106694.2 are incorporated herein by reference.
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Application No. Not Yet Assigned Docket No.: 47005-P040WUSC2

AMENDMENTS TO THE CLAIMS

1-20. (CANCELED)

21. (NEW) A handheld device comprising:
a substantially rectangular ground plane;

a first antenna capable of transmitting and receiving electromagnetic wave signals in at

least three frequency bands used for mobile communication services;
a second antenna capable of operating in at least one frequency band;

the first antenna extends in a direction substantially parallel to a first side of the

substantially rectangular ground plane;

the second antenna extends in a direction substantially parallel to a second side of the

substantially rectangular ground plane;

the first antenna is arranged near a short side of the substantially rectangular ground

plane; and
the first side and the second side are substantially orthogonal.

22. (NEW) The handheld device according to claim 21, wherein said handheld device
further comprises at least one slot in the substantially rectangular ground plane, wherein said at
least one slot is arranged for providing enhanced isolation between a feeding point of said first
antenna and a feeding point of said second antenna by providing a high impedance path in said
substantially rectangular ground plane between said feeding points in at least one frequency band

corresponding to an operating band of one of said first and second antennas.

5972083v.1 47005/P040WUSC2
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23. (NEW) The handheld device according to claim 22, wherein said at least one slot in
the substantially rectangular ground plane has an open end in correspondence with a perimeter of

said substantially rectangular ground plane.

24. (NEW) The handheld device according to claim 22, wherein said at least one slot has
a length of approximately (2N-1)*A/4, wherein A is a wavelength corresponding to a frequency

within said operating band, and N is an integer, N>1.

25. (NEW) The handheld device according to claim 21, further comprising at least one
conductive strip connected to the substantially rectangular ground plane, wherein said at least
one conductive strip is arranged so as to provide a high impedance path in said substantially
rectangular ground plane between a feeding point of said first antenna and a feeding point of said
second antenna in at least one frequency band corresponding to an operating band of one of said

first and second antennas.

26. (NEW) The handheld device according to claim 25, wherein said at least one
conductive strip has a length from its connection to the substantially rectangular ground plane, of
approximately (2N-1)*A/4, wherein A is a wavelength corresponding to a frequency within said

operating band, and N is an integer, N>1.

27. (NEW) The handheld device according to claim 21, wherein the second antenna is
arranged to operate in at least one frequency band used for a wireless service in accordance with
Bluetooth™, IEEE802.11a, IEEE802.11b, IEEE802.11g, WLAN, WiFi, UWB, ZigBee, GPS,
Galileo, SDARs, XDARS, WiMAX, DAB, FM, DVB-H, or DMB.

28. (NEW) The handheld device according to claim 21, wherein said handheld device
further comprises two or more slots in the substantially rectangular ground plane arranged for
providing enhanced isolation between a feeding point of said first antenna and a feeding point of
said second antenna by providing a high impedance path in said substantially rectangular ground
plane between said feeding points in at least one frequency band corresponding to an operating

band of one of said first and second antennas.

5972083v.1 47005/P040WUSC2
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Application No. Not Yet Assigned Docket No.: 47005-P040WUSC2

29. (NEW) A handheld device comprising:
a printed circuit board including a substantially rectangular ground plane;

a first antenna operating in a plurality of frequency bands, said first antenna being
capable of transmitting and receiving electromagnetic wave signals in each frequency band of

said plurality of frequency bands;

a second antenna operating in at least a first frequency band, said second antenna being

capable of transmitting and receiving electromagnetic wave signals in said first frequency band;

the first antenna is arranged substantially close to a short side of the substantially

rectangular ground plane;
the second antenna is a slot antenna comprising a slot;

the first antenna extends in a direction substantially parallel to said short side of the

substantially rectangular ground plane;

a width of a rectangular area in which the slot antenna is inscribed, divided by a free-
space operating wavelength of the slot antenna is smaller than, or equal to, at least one of the

following fractions: 1/10, 1/30, 1/50, 1/60, 1/70, or 1/80;

a length of the rectangular area in which the slot antenna is inscribed, divided by a free-
space operating wavelength of the slot antenna is smaller than, or equal to, at least one of the

following fractions: 1/2, 1/3, or 1/4; and

the first antenna operates in at least three frequency bands used for mobile

communication services.

30. (NEW) The handheld device according to claim 29, wherein the slot antenna is not

on a projection area of the first antenna.

5972083v.1 47005/P040WUSC2
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31. (NEW) The handheld device according to claim 29, wherein the slot antenna extends

in a direction substantially parallel to a long side of the substantially rectangular ground plane.

32. (NEW) The handheld device according to claim 39, wherein the second antenna is
arranged to operate in at least one frequency band used for a wireless service in accordance with
Bluetooth™, IEEES02.11a, IEEE802.11b, IEEE802.11g, WLAN, WiFi, UWB, ZigBee, GPS,
Galileo, SDARs, XDARS, WiMAX, DAB, FM, DVB-H, or DMB.

33. (NEW) A handheld device comprising:
a printed circuit board including a substantially rectangular ground plane;

a first antenna operating in a plurality of frequency bands, said first antenna being
capable of transmitting and receiving electromagnetic wave signals in each frequency band of

said plurality of frequency bands;
a second antenna operating in at least one frequency band;
the second antenna comprises a slot;

the first antenna extends in a direction substantially parallel to a first side of the

substantially rectangular ground plane;

the second antenna extends in a direction substantially parallel to a second side of the

substantially rectangular ground plane; and
the second antenna is not on a projection area of the first antenna.

34. (NEW) The handheld device of claim 33, wherein the first antenna comprises a non-

conducting material provided under at least 50% of a projection area of the first antenna.

35. (NEW) The handheld device of claim 33, wherein the at least one frequency band is
different from any frequency band of the plurality of frequency bands.

5972083v.1 47005/P040WUSC2
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36. (NEW) The handheld device of claim 33, wherein the first side and the second side

are substantially orthogonal.

37. (NEW) The handheld device of claim 33, wherein the second antenna is printed as a
conductive layer on the printed circuit board or is etched from a conductive layer of the printed

circuit board.

38. (NEW) The handheld device according to claim 33, wherein the second antenna is

embedded in an SMT component.

39. (NEW) The handheld device according to claim 21, wherein the second antenna is

arranged to operate in at least one frequency band used for a mobile communication service.

40. (NEW) The handheld device according to claim 21, wherein the second antenna is

selected from the group consisting of monopole antenna, PIFA, IFA, or patch antenna.

5972083v.1 47005/P040WUSC2
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Application No. Not Yet Assigned Docket No.: 47005-P040WUSC2

REMARKS

It is submitted that no new matter has been added by the amendments made by this
preliminary amendment. Early consideration of the application as amended is respectfully

requested.

Dated: December 18, 2012 Respectfully submitted,

Electronic signature: /Shoaib A. Mithani/
Shoaib A. Mithani
Registration No.: 61,654
WINSTEAD PC
P.O. Box 131851
Dallas, Texas 75313
(214) 745-5400
Attorneys For Applicant
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HANDHELD DEVIOE WITH TWO ANTENNAS, AND METHOD OF
ENHANCING THE ISQLATION BETWEEN THE ANTENNAS

Object of the Invention

The present invention relates o a2 handset and generally {o any handheld
device, which includes an antenna Jor receiving and  transmitling
sleciromagnetic wave signals. '

it fs an object of the present invention {0 provide a handset or handheld device
{such as, for instance, a moebile phong, a smariphone, a PDA, an MP3 player,
headset, a8 USE dongle, a laplop, a8 POMOCIA or Cardbus 32 card), which
compiizes a st antenna  (for exemple, an anftenna for  moblle
communications), and & sscond antenna {for mobile communications, andfor
for at least one wireless connectivity service), sald second anfenna being a slot
amterma, The second antenna can require & very small arsa on the printed
circutt board (PCB) of the hand-held device.

Another aspact of the nvention relates to a techrique to oblain good isolation
hetween sald first antenna and said second antanna. According fo the present
invention, good isolalion behtween the anfennas included in the handsef or
handheld device can be oblained by éppmpriata?y choosing the placemant
antd orlentation on the PCB of sach one of the anlennas comprised in the
handset or bandheld device, andfor by acting on the PCR {or, rather, on a
conductive layer of the PCB, such as a metal layer of the PCB acling as a
ground-plane for one or both of the antennas) of the handset or handheld
device tn reduce the slectromagnatic coupling between antannas, andfor by
other means '

Backgﬁ"@unvei of the invention
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The current trend in the seclor of moblle phone manufacturers, and more

generally handheld device manufacturers, is lo incorporate added valus
wiralags servizes, such as connaciivity functionality and geolocalization {such
as for example, but not limited fo Bluctooth™, IEEESD2.11a, IEEES02.11b,
IEEES02.11g, WLAN, WIFL, UWB, ZigBee, GPS, Galilso, SDARs, XDARS,
WIMAX, DAB, FM, DVB-H, or DMB} in muore and mors of thelr products, An
antenna amangsd or configured to operate effectively In a frequency band
suitable for one or more of these senvioes or standards is sometimes referred o
as a “wireless contectivity antenna” in this document.

1 some casas, thess handheld devices also operate in at least one frequenay
band used for mobile communication services, such as GSM (GSM850,
GESMOOD, GSM1800, American GBM or PLS1800, GSM4SD), UMTS, WCDMA,
or CINWA, apart from having the ability fo operale In the frequency band
corrasponding to the wircless connsciivity service.

Although ¥ is possible fo integrate all the operating bands of a partinular
handheld device in a single antenna, the frend in the handset manufacturing
industry shows that & is preferred to have two separate antennast A first
antenna is used for the bands of the selected mobile communication services
{such as, for axample, GSM), and a second anlenna s used to aliow the devics
fo operate at an additional communication service {(such as, for instance,
UMTS) or at the frequency bands of g wireless connectivity standard {such as,
for example, WLAN or Btuetooth™),

Using two separale antennas presents some gdvantages:

« It can make the design of egch one of the antennas casier, as 2 single
muliiband antenna covering all the bands of operation of the handsat

would require & more complicated design.
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= It also simplifics the radiofrequency (RF) frontend for each one of the
two antennas. i thers is only one single antenna, the RF frontend fo
which the antennia s connscted would have to include a diplewer or
multiplexer capable of separating the frequency bands corresponding to
the different senvices, for example, separating the mobile communication
frequency bands from the wireless comectivity frequency bands.

s  Moreover, & offers more flexibiiity in the design of the PCB that carries
the eleclonic componenis and circulry of the handse! or hendheld
device. In many cages, a POB dasigner will preferably lay out the
moduie or chipset providing the wireless connectivity functionality, and
the moduls or chipset for the mmobile sommmurication services, in differant
parte of the PCR.

The first antenna can typically be, for inslance and without Himitation, &
monopole antenna, an nverted-F antenna {IFA), a paltch antenng, or 8 planar
wertsed-F antenna {PIFA). Some known solutions for said second antenna
include antennas printed on the POB of the devics (such as, for examgple, but

not limitad {o, a printed 1FA), or an antenna component, or a ohip antenna.

However, the nlsgration in & handset of a second anfenns dedicsted o the
wirgless connectivity services s nat trivigl, As the space avallable on the PCR
of the device is scarce, anferma solutions with small foolprinis are
advantageous. Printed antermas are ypically not small in size, since theiy
dimensions are approximately a quarier of an operating wavelength of the
antenng, Chip antennas may achieve some degres of miniaturization {for
ingtance, by Eaading the antenna with & material with high dislestric constant),
however, In rmany casaes, they exhibit powr malching levels, and bmiled
bandwidth, efficiency andfor gain.
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One additional problem that further complicates the Infegration of the wirelass
connectivily antenna in & handset or handheld device is the low isolation that is
usually oblained betwsen this antenna and the antenna used for mobile
communications.

Interband isolation can be inproved by separating the fwo amennas further
apart, although this might not be practical in typical handsats due to thelr small
size and due to the fimited positions that are avaflable to infegrate the wircless
conneclivity antenna, This I8 the case especially for more mcent hardsst
topologles, ke for sxample flipdype {slso lnown as clamshell} phones and
slidertype phones (ss the one schematically Hustrated in Figure 1) As an
altermnative, a filter can be used o achisve the required leval of isolation
between antennas within the operaling bands. However, this approach implies
adding extra components on the PR, thus using up mors space on the POB of
the device, and resulling in an increase incost of the handset.

A corverntionsl handsel that indludes an antenna for mobile communivations
and an antenna for wireless connectivily is depicted In Figure 2. For this
example, the handset has been selecled o have a slidertype topology as
schematically Slustrated in Figure 1. A slider-type handset comprises typically a
first POR (100} placed substantially above and parallel to a second PCB {102},
The first PCB {100) has the ability o slide above the second PCR (102), so that
the handsst can be in & closed position, as shown in Figure Ha} or i an open
position, as shown In Figurs 1{b). Generally, the first PCB (100} and the second
PCB {102) are cloctically connected, for exampls by mweans of a Sexible
conductive film {not lusirated In figurs 1), An antenna 101 Is mounted et one
gnd of the first PCB. In this case, the antenna s a Plangr inverted & Antanng
(BIFA), with a shorbeirouit (1018} 1o the ground-plane {in this case, o a
conductive metal laver of the PCE) and with a feeding point (1014} doge to
said shorbcirouit
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For the purpose of the example llusirated in Figure 2, the handset comprises a
first antenna (201), placed on the top part of the first PCB {200, that operates
at the frequensy bands for moblle communications, and a sscond antenna
{202} placed on the bottom right comer of the PCB (200) that operates at the
frequency bands of the wireless comnedtivity services. The first andenna has a
feeding point 201A) and a shorboircuit (B01B) to ground {namely, 1o a
conductive metal Sayer of the PCB 200, constituting & gmmd»ﬁane for the
anterma), For flustrative purposes, in the example flustrated i figure 2, the
second antenna {202} s 2 swiace mount techinology (SMT) component
mounted on the PCB (200), aithough it could have been replaced by, for
exampls, an antenna printad on the PCR (200}

Some fypicsl electrical results for the handsst of Figure 2 are shown without
any limiting purpose iy Figure 3. Figure 3a presents typlcal resulls of the input
parameters of the antennas {Le., relum losses of sach antenna, and isolation
betwesn antennas) when the sliderdype phone iz i the dosed position, while
Figurs 3b presants the typical results of the antennas when the phong is in the
open position. In this exampls, the first antenna (201) was designed to havae a
multiband behavior, withy a first resonanca around B00MH: to provide coverage
for the GEME00 service, and a second resonance around 1900MHz to provide
service fo the GSM1IBO0 and GSMIBDD sewvices. On the other hand, the
second antenna wag designed 1 bs twned in the 2500MHz band. These
frequency ranges have beon selected just to Hlustrate the example, but the
antermas could work In any frequancy band included in the range from
approximately 4000MHz to approximately 126Hz, including any subinterval, The
isolation between the first antenna {201) and the second antenna (202} s 2008
in the S00MHz band, 1848 in the 1800MHz band. The isolation degrades to
17dB at the canter of the resonance of the second antenna around 2800MHz.

Space Fillng Cunves
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In some embodiments of the invention, at least one antenng of the antennas
included n the handset or handheld device may be miniaturized by shaping at
lcast a portion of the condwding trace, conducling wire or confour of 2
conducting sheet of the antenna {e.g., 2 pad of the amms of a dipole, the
perimeater of the patch of a patch antenna, the siol in a slet antenna, the loop
perimeter in a loop anfenna, or other portions of the antenna} as a space-iilling
curve {(SFCL

An BFC is g curve that is large iIn tarms of physicat length but srmall by teoms of
the area in which the cutve can be Ihdluded. More precisely, for the purposes of
this patert document, an SFC s defined as follows: a curve having at least five
segments, or identifiable sections, that are connected in such a way that each
ssgment forms an angle with any adiacent segments, such that no pair of
adiacent segments defines a larger straight segment. In addition, an SFC does
not intersect with itself at any point axcept possibly the Inftial and final point
{that is, the whole curve can be amanged as a dosed curve or loop, but none of
the lesser parts of the curve form a closed cuive or foop).

A space-filling curve t,an be fitted over a fiat or purved surface, and due o the
angles between segments, the physical length of the curve s larger than that of
any siraight line that can be fitted in the same area {surface) as the space-filling
curye, Additionally, to shape the structure of a minfature anienna, the segimants
of the SFCs should be shorter than al least one fifth of the free-space operating
wavelength, and possibly shorler than cne tenth of the frse-space operating
wavelength. The space-filling cuwrve should include at least five segments in
order to provide some artenna size reduction, however a larger number of
segments may be used. Iy general, the farger the number of segments and the
narrower the angles betweer them, the smaller the size of the final antenna.
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Box-Counting Curves

in other embodiments of the nvention, al least one anterma of the antannas
included in the handset or handheld device may be ministudzed by shaping at
least a portion of the conducting trace, conducting wire or contour of a

conducting sheet of the antenna % hove a selecled box-counting dimension.

For a given geomelry ling on a swiace, the bowcounting dimension is
computed as follows. First, a grid with substantially square identical cells or
boxes of size L1 is placed over the geometry, such that the grid completely
covers the geomatry, that is, no part of the curve is owd of the grid. The number
of boxas N1 that include st least & point of the geometlry are then counted,
Second, a grid with boxes of size L2 (L2 baing smaller than L1) s also placad
over the geometry, such that the grid completely covers the geometdry, and the
number of boxes N2 that includs af least a point of the geomelry are counted.
The hox-nounting dimeansion D s then compuled as:

log{ N2~ log{WVh)
log{Z 2}~ log{Lll}

Do

For the pumposes of the antennas included in the handset or handheld device
described hereln, the box-counting dimension may be computed by placing the
first and sesond grids inside a minlmum rectangular area snclosing the
conducting trace, conducting wire or contour of 2 conducting sheet of the
antenna and applying the above algoithm. The first grid should be chosen
such that the rectangular arca is meshed in an array of at least 5 x S boxes or
cells, and the second grid should be chosen such that L2 =12 L and such that
the second grid includes at least 10 ¥ 10 boxes. The mindmurn rectangular area

s an area in which there s not an entire row or eolumn on he perdmeter of the
gricd that does not contain any plece of the cune,

EX1002 - Page 27



s
o5

15

30

(]

The desired box-counting dimension for the curve may be seleciad o achieve &
desired amount of miniatunization. The box-counting dimension should be
farger than 1.1 in onder to achieve a substantial anferna size reduction. f a
larger degree of miniatwrization s desired, then & larger box-counting
dimension may be selected, such as a box-counting dimension ranging from
1.5 10 3. For the purposes of this patent document, curves in which at least a
portion of the geomety of the cwrve has @ boxecounting dimension larger than
1.1 are referred 1o as bexeoounting curves,

For vary small antennas, jor exampie antennas that it within a rectangle the
longest side of which does not excesd one-bventieth the longest free-space
operating wavalength of the anlenng, the box-counting dimension may be
computad using a finer grid. In such & case, tha first grid may inchude a mesh of
10 x 10 equal cefis, and the second grid may Includs 2 mesh of 20 X 20 equal
cellz. The box-counting dimension {0} may then be calculated using the shove
anustion.

in general, for a given resonant frequency of the antenng, the larger the bow-
counting dimension, the higher the degree of ministurization that will be
gchieved by the antenna. Ona way 10 enhanece the minlsturization capabilities
of the antenna Is lo arrange the several segments of the cwve of the antenna
pattern in such 8 way that the curve ntersects at lsast one point of at least 14
boxes of the first grid with 5 x 5 boxes or cells enclosing the curve. If 3 higher
degres of miniaturization is desirad, then the curve may be armanged to oross &t
logst one of the boxes twice within the & x & grid, that is, the curve may inglude
wo non-adiscent portions inside at least one of the cells or boxes of the grid.

Figure 17 Hustrates an exampls of how the box-gounting dimension of a cuve
{1700} is caloulated. The sxample curve (1700) is placed under 8 5 x 5 gnid
{1701 yand under a 10 x 10 grid {1702). As ilustrated, the curve (1700) touches
N1=35 boxes in the 5 x 5 grid {1701) and fouches N2=78 boxes n the 10 x 10
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grid {1702}, In this case, the size of the boxes In the 5 X § grid (1701} is twice
the size of the boxes in the 10 x 10 grid (1702}, By applving the above
equation, the boxcounting dimension of the example curve (1700} may be
caloulated as D=1.6415. In addifon, further mintaturization s achisved in this -
example because the curve {1700} crosses more than 14 of the 25 boxes In
grid {1701}, and also crosses at least one box twice, that is, at least one box
contains two non-adiacent segments of the curve. Mare spacifically, the curve
{17007 in the Hustrated example crosses twice in 13 boxes cut of the 28 boxes.

Grid Dimension Curves

In some embodiments of the invention, &l least one antenna of the antennas
included in the handset ar handheld devica may be miniaturized by shaping at
least & porfion of the conducting trace, conducting wire v conlour of a
conduniing sheat of the antenna o includs g grid dimension curve,

For a given geomatry lving on o planar or curved surface, the grid dimension of
curve may he calculated as follows, First, a grid with substantially identical cells
of size L1 is placed over the geomebry of the curve, such that the grid
completely covers the geomelry, and the number of cefls N1 that includs at
jeast a point of the geometry are counted. Becond, & grid with cells of size L2
{12 heing smaller than L1) is also placed over the geomsdry, such that the grid
complataly covers the geomelry, and the number of cells N2 that include at
legat a point of the geomelry are counted again. The grd dimension D
{sometimes also referred fo as Dy} s then computed ast

fog{N2) —loglNh)
log{L2y ~toglLl)

For the purposes of the anfennas included in the handsel or handheld device
gdescribed hereiln, the grid dimension may be caloulated by placing the first and
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secord grids inside the minimum rectanguiar area enclosing the cuve of the
antenna and spplying the above algorithm. The minkmum reclangular area ls an
area in which there s not an enfire row or colin on the perimeter of the grid
that does not contain any plsce of the cwrve.

The first grid may, for sxample, be chosen such that the rectangular arsa is
mashed I an arrgy of st least 25 substantially equal cells. The second giid
may, for sxample, be chosen such that each cell of the first grid s divided in 4
equal cells, such that the size of the new cells & L2 = ¥ U1, and the second
grid innludss at least 100 celis,

The desired grid dimension for the cutve may be selected o achisve a desired
amount of miniatunzation. The gid dimension should be larger than 1 in order
{o aﬁhé?eu&: some antenna size reduction. i a larger degree of ministurization is
desired, then 2 larger grid dimension may be sslecled, such as a grid
dimension ranging from 1.5 - 8 {e.g., v case of volumetrie structures). In some
axamples, a cirve having a grid dimension of about 2 may be desired. For the
purposes of this pelent document, a curve having a giid dimension larger than
Tis referred to 85 2 grid dimension curve,

in general, for & given resonant frequency of the antenna, the larger the grid
dimension, the higher the dag‘;é‘&a of miniaturization that will be achieved by the
anterma. One example way of enhancing the minlaturization capabilities of the
antenng s {o arrange the several segiments of tha curve of the anlenna pattemn
in such a way that the curve infersects al least one polnt of at least 50% of the
cafls of the st grid with at least 28 cells endosing the curve, In ancther
example, 2 high degree of ministunization may be achlisved by aranging the
antenna such that the curve crosses at feast ong of the cells twice withiy the
25-call grid, that iy, the curve includes two non-adigeent portions inside at least
one ofthe calls or cells of the gid.
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Figure 18 shows an example of a two-dimensional antenna forming a grid
dimansion curve 1800 with a grid dimension of approximately two. Fig. 18
shows the antenna of Figure 18 enclosed in a first grid 1800 having thirty-two
{323 square oalls, each with a length L1, Figure 20 shows the sams anfemna
enclosed in & second grid 2000 having one hundred twenty-sight (128) square
cells, sach with a length L2, The fength {L1) of sach square cell in the first grid
a fwice the length (L2} of each square cell in the second grid (L1 =2 x L2} An
sxsamination of Figure 18 and Figure 20 mveals that at least 8 porlion of the
artenna is enclosed within every square call in both the first and sscond grids.
Therafore, the value of N1 in the sbove grid dimension (D, somelimes also
referred to as D) equation is thithy-two (32) {Le., the tolal number of cells In the
first grid), and the value of N2 is one hundred twanty-sight {1283 {ie., the nial
number of cells in the second grid) Using the above equation, the grid
dimension of the antenna may be calculated as follows:

Ty 2z Q"{} 2"3} EQWQQQ}
Aog = log{2x L1}~ geq@l}

For a mons accurate caloulation of the grd dimension, the number of square
cells may be haeased up fo a maximum amount. The maximum number of
gells in a grid is depsndent upon the resolution of the curve. As the number of

cells approaches the maximum, the grid dimension calculation becomes more
accurate. if a grid having mors than the maximum number of calls is selected,
however, then the accuracy of the grid dimension calculation begins o
decrease. Typically, the masdmum number of calls in & giid & one thousarnd
(100U}, ‘

For sxample, Fig. 21 shows the same antenna as that of Fig. 18 enclosed ina
third grid 2100 with five hundred twelve (512) square cells, each having &
length L3, The length (L3} of the cells in the third grid is one half the length (L2}
of the calls in the second grid, shown in Fig.20. As noted above, a portion of the

antenna is enclosed within every square cell in the second grid, thus the value
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of N for the second grid Is one hundred iwenly-sight (128} An examination of
Fig. 21, howaver, reveals that the antenng is enclosad within only five hundred
nine {(508) of the five hundred hwelve (512} cells of the third grid. Therefore, the
value of N for the third grid is five hundred nine (508}, Using Fig.20 and Fig. 21,
a mors accurate valug for the grid dimension (Og) of the antenna may be
calculated as follows:

_Iog(309) ~1as(28) . oo
iﬂg{a?; X I.,:-:?,} Ao IQ?:QLE} e :

Ay =

Multilevsd Stuctures

in some examplas, at lsast g portion of the condudting trace, conducting wire ar
conducting sheet of at least ong anfenng of the antennas ncludad in the
handsat or handheld device may be coupled, either through direct contact or
elechromagnetic coupling, o a conducting surface, such as g conducting
polygonal or multiievel surface. A muliilevel stuctura is formed by gathering
saveral geomelrical slements, such as polygons or polvhadrons of the same
type {o.4., angles, parallelepipeds, pentagons, haxagons, oircles or eliipses ~
in this context, circles and sllipses are considerad o be polygons with & large
mamber of sides-, as well as strahedral, hexahedra, prisms, dodecahedrs, atc.)
and coupling electromagnetically at least some of such geometrical slements to
gng or mare other slements, whether by pfﬂx‘imiﬁx av by diract contact behween
elements. The majority of the elements forming pat of a mulllevel structurs
have more than 50% of thelr permieter {for polygon and swiface ke slements)
not in contact with any of the other slemenis of the stuclure. Thus, the
elements of a multilevel structure may typically be Wentified and distinguished,
presenting at laast two levels of detaill that of the overall structure and that of
the polygon of polvhadron elements that form it
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Additionally, several mullilevel struciures may be grouped and coupled
electromagnetically t© each other 1o form higherdevel structures. In a single
muliilevel struciure, all of the component elements are polygons with the same
number of sides or are polyhedrors with the same number of faces. However,
this characteristic & not present whan several mulifevel s’m;cix.sras of different
natures are grouped and electromagnetically coupled to form meta-structures
of a higher level.

A muliilevel antenna includes at least two levels of detall in the budy of the
anternna; that of the overall structire and that of the majorily of the slements
{polygons or polyhedrons) which make it up. This may be achieved by ansuring
that the area of contact or intersection (f € exists) between the majority of the
slamants forming the antenna is only a fraction of the permater or surrounding
arga of said polygons or polyhedrons.

Cne property of multilevel antennae ig that the radivelectic behavior of tha
anterna can be similar 0 more than one frequency band, Antenna input
parametss (eg., inpedance and radiation pattern} remain simdlar for. several
frequency bands (e, ii’:e anfenna has the same level of adaptation or standing
wave relglionship in each different band), and often the anterna presents
almost identical radigtion diagrams at different frequaencies. The number of
frequency bands is proportional o the number of soales or sizes of the
potygonal slements or similar sets i which they are grouped contained in the
geometry of the main radiating slement. ‘

in addition {o their multiband behavior, multitevel structure antennae may have
a smaller than usual size as compared o other antennae of & simpler structure
{auch as those consisting of & single polygon or polyhedron). Additionally, the
sdge-rich and discontinuity-rich structure of a multileve! antenna may enbance
the radistion process, relatively oreasing the radiation resistance of the

antenna and reducing the quaily factor 2 (Le,, increasing s bandwidth),
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A multilevel antenna structurs may be used In many antenna configurations,
such as dipoles, monopoles, palch or microslip antennae, coplanar antennas,
reflactor antennas, wound amtennae, antenna amays, or other antenna
sonfigurations. In addition, mulilevel antenna struclures may ba formed using
many manufacturing techniques, such as printing on a dielectrc substrate by
photolithography {prinfed drouit techniqua); dising on metal plate, repulsion o
diaigctﬁs, orothers.

Summary of the nvention

The invention relates to a device and method as defined in the ndependent
claims. Some embodiments of the Invention are defined in respective
depandent clabns,

The present twention relates infer alia to & handset or handheld device {such
as for instance a mobile phone, a smariphone, a PDA, a MP3 plaver, a
headsst, a USE dongle, & laptop, & POMCIA or Cardbus 32 card), which
comprisas a first antenna Tor mobile communications (hereinafier also wfemed
{o as the mobile anterma), and a second antenna for at least & mobile
comnunicalion service or a wirsless connectivity service (hereinafter also
referred to a8 the wireless connectivity antenna), whersin the said sscond
anienna is a slol antenna. The siot antenna can require a very small area on
the PCHE.

Slpt antenpas have conventionally not been considared appropriate for wireless
handheld  devices, Nommally, conventional wonopole  antsnnas, patch
antennas, inverted-F antennas {IFAs) and planar inverled-F antennas {PIFAs)

have been considerad more appropriate, maybe due to issues such as
radiation efficlency andior tradition,

EX1002 - Page 34



10

15

20

25

14

Howsver, it has bsen found that the use of a slot antenna as the wireless
gormectivity antenna for & handset or handheld device according fo the present
invention can be advantagsous because:
= it has o low profite and uses very itlls space of the PCR;
« i less sensiive fo the size, shape or form factor of the PCB on which &
Is printed, etched, or mounted as an SMT component {ses belfow). This
can be padiculatly infteresting for flip-type and sliderdype handsets in
which the antenna needs to stay within functional specifications for the
PCB configuration of the handset in both the open and closed positions;
andfor
= i can be polarized along & direction that s substantially orthogonal o
ihe polarization of the mobile anterna.

Actually, using a second antenna in the form of a slot antenna can be preferred
irfer afig in order {0 increase the isolation belween the antemnas. One reason
for thiz is that in order to incregse solation, i can be advaniageous o astablish
the at least wo antennas so that the polarization of the radiation of one of the
anternas is subsianiially orthogonatl to the polarization of the radistion of
anocthar of said antennas,

Al a fist ook, it could ssem that this could alse be easily ascomplished by
using, for example, two monopole antermas, directad in appropriate dirsctions
30 a3 to establish an orthogonat refationship between the polarization of their
radiations. Howsver, a problem nvoived with hand-held devices is that the
raciztion of an antenna s substantially conditioned by the g:’c’i&ri&—gi&ﬁe, that is,
nonmally, by at least one conductive layer of the PCR. In praciice, mrma'ﬂ}?» both
antennas are placed on the same ground-plane, thersfore oblaining
substantially orthogenally polartzed radigtion using two antennas of the same
type can be a difficult task, due fo the influence of the common groundplane.
Contrarily, when one of the antennas is a slof anfenng, the radigfion from said
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antenne will depend substantially less on the ground-plane, thus facilitating
obtaining the above-mentionad orthogonally polarized radigtion,

In the present document, the sxpression “mabile antenna” and similar am used
o refer fo an andenna aranged to oparate in 8 band coresponding o a mobile
communication service, such as one of the mobile communication servivces
mentionad above {(GSM -GBME50, GEMOCD, GEMIBD0, American GSM or
PCS1800, GSMASG-, UMTS, WCDMA, and COMA) In some embodiments of
the invention, the axpression “mobile antenng® refers to an antenns amangsd
for or capable of fully functioning or operating in one, two, three or mors
communication standards, and In particular mobile or callular communication
standeards, each standard afiocated in one or more frequiency bands. In some
smbadiments of the invention, sach of said frequency bands is fully containad
withins one of the following regions of the electromagnetic spectruny:

- the 810MHz - BB0MHz raglon,

- the 1710MHz — 1880MHz region,

- and the 1800MHz — 2170MHz region.

The expression "wireless connectivily antenng” as used in this document is
defined further above. In soms ssmbodimants of the invention, the expression
“wireless connectivity anferna’” refers to an antenna arranged for or capable of
fully functioning or operating i ong, two, thres or more commurdcation
standards, and in paticular wirgless connectivity standards, each standard
allocated in one or more fregquency bands. In some smibodiments of the
invention, sach of said frequency bands is contained within ane of the following
ragions of the slectromagnetic specirum, indicated as examples and without
Hrnitation:

» industrial, Sciantific, Medical {ISM} unlicensed bands, ke for axample
the 915MHz ISM band (S02-828 M), 240Hz 1I8M band (24002500 MHz),
or 5.7GHz 1ISM band {3850-58285 MHz).
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. Unlicensed general telemelry bands, Bke for example the 433085~
434 7O0MHe band, or the 868-870MHz band,

Acoording to the present invantion, good isolation between antennas can be
obtained by spproprately choosing the odentation on the PCB, and by
selecting the antenna type (e whether a given anterna substantially
hehaves as an slecttic current soiree, of a5 & magnelic current source) for
sach one of the antennas comprised in the handset or handheld device. In
the present nvention, slot antennas can be considered to substantially
behave as magnetic current sowces; when fed across the slol, an slectric
fisld s established over the slot {and elecric currents arg flowing along the
adges of the slot), and an equivalent magnelic fleld k& established

substantially paraitel with the extension or orientation of the slot or slots.

In some cases, wherein the first antenns substantially behaves ag an sleciric
currant source (such as Yor instance, but not limited to, & monopole antenna)}
angd the second antenna substantially behaves as a magnsiic current source
{for instance, but not limitad o, a slot antenna), good isolation batwesn said
first antenna and said second anfenna can be obigined when the elentre
currents sxciied on at least a portion of the PGB {in this context, when
referrdng o the POB, reference i aclualy made fo o conductive laver of the
PCR, normally constituting a ground-plane of the handheld device) by the
radiating mode of said first antenna are substantially parallsd to the eguivalent
magnatic cuments sxcifed on at lesst a portion of the sstension of said
second antenna.

in othsr cases, wherein the first and second antenng both behave as
magnelic current sourcas, good solalion betwesn sald first antenna and
second antenna is achisved when the magnstic cwrrents escited on at least &
pcj?ﬁbn of the extension of the first antenng are substantially orthogonal to the
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magnetic currents excited on at least 3 portion of the exiension of the second
antenna.

in order to improve isclation, the antennas can be placed separated as much
as possible within the handset In order to improve isolation, the antennas
can be orented with respect fo each other so ag © minimize coupling
between the antennas. For example, the siot antennz can be placed on the
PCR so that it is arrangsd substantially paralie! to the currents induced in the
PCE {in the ground-plane or conductive layer of the PCR} by the fiest
antenna. This can imply, for example, aranging the slot {or slots) of the
second antenna fo be substantially or genarally parallel o one of the sides of
the ground-plane, for example, the longer sides of a substantially rectangular
ground-plane.

In this documeant, an antenna or the slot of a slot anterna is considered to
extend {lo be oriented} n the direclion corresponding to the general
longitudinal axis of symmetry of the smallest rectangle in which the radiating
alement of the antenna can be inscribed. Also, in this document, wo
dirsctions ars considered to be substantially parallel if they form an angle of
less than or equal o approximately 20 degrees. Two directions are
considered to be substantially orthogonal ¥ they form an angle of not less
than approximately 80 degrees and not more than approximately 120
degraes.

i can be advartageous fo have the slot amanged so that at least wa, tiee,

four or more porfions of the slot are paraliel 1o each other. This may apply to

straight and to non-straight segments. With this parallsl arrangament, very

compact antennas can he achisved, occupying less space.

The slot antenna can be implemented &s a slot printed on or alched in the

ground plane of the PCB, while in other cases the siot will be contained in a
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surface mount technology (SMT) type cotnponant mounted on the PCR of the
handset or handheld device. When the skt s conlained In & SMT type
component, said component will comprise a conducting swiace on which the
slot is created. The SMY type component will provide at least one condact
terminal accessible from the axterior of sald SMT component to electdcaly
connect said conducting surface with the ground plane of the PCRB. In some
embodiments, this contact terminal can fake the form of 2 pad, ora pin, or a
soldar ball, # will he sdvantageous in some cases to defing, on the PCB, a
region of clearanca of ground plane on the orthogonal projection of the
component on the PCB on which # Is mounted. In other cases, there will be
ground plans on a porfion of the orthogonal projection of the SMT component

o the POB, but not urder the orthogonal projection of the slot on sald PCR,

Yei in other embodiments, there will be ground plang also in a portion of the
arthogonal projection of said slot on the PGB, In some examplas, the fraction of
fhe projfection of the slof ccoupled by ground plene will be less than, or
approximaiely equal to, 50%, 40%, 30%, 25%., 20%, 10% or 5% of the
projection of the sl on the POB.

A slot antenna integrated in an SMT component can be usefld for minimizing
the ground plane dearsnce region neaded on the PCB. Embedding a slot
antenna in a discrete SMY component can be diffficult dus o the necessity to
ansure good grounding of the conducting sheet in which the siof has besn
created, gnd fo the complexty o couple the feeding signal info the SMT
componant, ) ‘

Same SMT component comprising slot antennas that can be used for the
oresernt invention are disclosed in PCT/EPUS/063285, the content of which is
incarporated herain, by refersnce. '
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Acoordingly, SMT-ype slot-antenna component useful in the present invention
can comprise:

» gt least one conductive surface {different from the conductive surface of
the ground plana of the PGB} or g shest of metal in which the patterm of
a slot is created; and

* gzt lesst one contact terminal {also referrad to as grounding terminal}
ancessible from the exierior of said componant to glectrically connect
the conductive surface included in the slotantenna component with the
ground plane of the PCR.

With this component ¥ is possible fo provide a slot anfenna as a separate
component which can be cornectad from the outside. The antenna may further
COTNINISE:

= atleast one contact terminal (hersinafter refarred 1o as foading terminal}
o couple an slectical signal from the oulside of the SMTyps slot
anfenna componant with the slot defined in said at least one conductive
surface.

it will in principle also be possibie o couple a feeding signal Into the component
indirectly by a capacitive or induclive coupling. For a good feading, however, a
direct elecltical conneclion can be preferred. This can be achisved by the
feeding terminal. In any case, the component does not need o have any

intemal means for generating an RF signal with which the antenna may be fed.
Further, & can be prefered that the component further comprises a
= dielecttdc subsiate that backs said &l least one conductive swrface or

shest of metal, or in which sald at lpast one conducting surface or shest
of metal is embeddad.
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The dislectric subsirate allows for the backing of thin melal lavers and s a
widely used technique for the preparation of components for the electronics
industry.

The terms sheet of metal and conductive surface are used as synanyms in the
present document and relate fo a conductive layer that can be supported by a
ci?ﬁuii hoard or a piece of metal {for example, a rigid plece} such as sg. 3
starmped metal pleca.

Additional pads may be provided which are not eiﬁs::tﬁ{;aiiy; connactad nside the
component of fo the ground plane or a feading element of the drouit board.
Those pads may be useful fora mechanically holding the antenns componant
by the solder connection at that pad between the component and the cirouit
toard.

fry some ambodiments according to the present invention, the SMT component
can also include one or several elecionic elements or cireuils, or the SMT
componett can take the form of an IC package When the slotantenns
component takes the form of an IO package, then the siot contained in said 10
package can preferably be exciled with an RF feeding signal couplad from
cutside of sald IC package, and not direclly from 2 semivonductor die
comprisad inside sald IC package,

in certgin of these embodiments, the slecironic slemends or circulls included I
the ST component or IG package will grefe‘r‘abﬁﬁf e placed within the SMT
copmponent or IC packags b such a way that they do not interfers with the
projection of the slot contained i the SMT campunant.

In soime other embodiments, & slotantenna component may comprise momn

than one, wo or tyee conductive surfaces iy which 3 slot or 3 portion of a siot
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iz created. By this technique § will be possible 1o indd” the slot in the vertical
direction, away from the PCB. Themsfore, the foolprint area on the PCE
required for such an antenna can be significantly reduced In comparison fo
anternas where the slot is "Tolded” in a plane parallel to the PCB swiface plane.
Most converdertly, two conducting surfaces can bs provided on the two
opposite targe sides of a cheult subskate. i a mulllayer ciroult substrate is
used, further surfaces can be provided In order fo form the slot antenna in the
compaonent.

The different surfaces may be connscted or may remain unconnected. The
connection may be done by a via hole or by a connection around the edge of 8
circuit substrate.

It order fo protect a conducting layer, B will be advaniagecus to cover that layer
with a proteciive layer, o prevent corrosion, Furiher, such a prctective layer
can he usad to define ferminals on the conducting layer which are then
available for, 8.4.. 8 sclder connection.

The antenna characlerstics can fisther be chosen by using open-endend or

closad-anded slot geomadries. Any end of the antenna may be open or closad,

in some embodiments # is advaniageous fo place grounding temminels o
connact the conductive surface with the ground-plans of the PCB dloze to at
isast two opposite edges of the slobantenna compongnt, preferably those two
apposite adges that are the farithest apart from sach other, so that the electric
currents induced by the operation of the slot antenns on the conductive surface
can flow through grounding terminals into the ground-plane of the PCB as # the
oonductive surface and the ground-plane of the POB were one single
conductive surface.
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in cerfain coses K might be inforesting o place 8 grounding terminal
substantially close to at least two comers of said at least two opposite edges of
the cormponent, preferably the four comers of sald two opposite edges of said
componant,

Further & can be preferred o exiend one or more ground terminals along a
major part of the fength of an edge of the component or of the conductive
surface. For example, the ground teminal may extend along st least 40%,
50%, 80%, 70%, 80%, 90% or 85% of the length of an edge. Thersby a good
connection of the conductive surfacs o the ground plane of the PUB can be
achieved. This is in parlicular the case where two grounding terminals extend
along opposite sdges such as the short andfor the long edgss. One ground
terminal may also be bent such that £ s L U- or O-shaped and is preferably
provided along one, two, three o four neighbaring edges.

Furthermone, in soms ambodiments { can be advaniagenus fo plece grounding
termingis at two sides of a fesding terming! and substantialiy close o ssid

fzeding terminal. This arrangement can be used o effectively excits the slot

Furthsr In some cases it can be advantageous to grovide the feeding terminals
on two sides of the slot. Then R s possible fo combine the shot with another slot

by connecling the respective two edges of the two slots, thetsby forming a
farger sint,

In some embodiments the fesding means of the slotkantenna component
comprise a feeding contact and a conductive strip, Said conductive strip can be
advantageously printed or eiched on the same conductive surfacs as the siot,
thus making the feeding means coplanar with the slol, The conductive strip
connacts the feeding terminal with the adge of slof that is farther away from the
cordact terminal;
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A clearance region can be provided at least on one, two, or three sides of the
feeding terminal. This is In particular useful ¥ the ferminal & ooly used for
feeding pwposes. If the fesding terming! is also used for gmunding pumoses
such clearance might not be present.

Also Tor the conductive strip a clearance may be provided. This clearance may
not be recessary i the conductive sirip is provided on g different level than the
conductive surface with the siot. if the conductive strip is provided on a different
feval it may be connected to the conductive surface of the slot by a via hole or
sapaciive or inductive coupling. In the same way, the coupling between the
feeding terminal and the conductive stilp may be made by capaciiive, inductive
or dirset electrical contact coupling.

In order to form pads on the POB for receiving the terminals of the antenna
componant  without however unnecessarlly reducing the ground  plane
clearance, #is advanizgeous to provided protrusions of the ground plane which
gxtend into clearancs.

Further, the size of the ares of the clgarance may be siralier than the size of
the antenna carmponant.

in cedain embodiments, the slot-anterna componant is slectrically coupled, by
means of feeding terminals, with a siot oreated on the ground-plane of the FCB
of the wireless device. In other words, a stol antenna is formed by combining
the slot pattermn printad or elched in the ground :ﬁi‘aﬁe of the PCHB, with the slot
pattarmn Included Iy the SMT componant. Having a porlion of the slot antenna
printed or efched inv the ground plane of the PCB can be advantagsous,
pardinularly because this A

s giows the fine ning of the anterna o agcount for changes in the

dimensiong andlor form factor of the ground plane of the PCR o
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which the slotantenna component is connacted, or the effects of
dielsctric {e.g., plastic} casings or enclosures, by simply acling on the
partion of the slot antenna printed on the ground plane of the PCR.

« provides the PCR designer with more flexibilty when laying out the
differerd slechronic componenis on the PCR, as the shape of the
portion of slot antenna created in the ground plane can be selecied,
for example, fo mest space constraints, or fo minimize the distance

of the antenns to the RFE circult.

Since thiz is achievad by acting only on the portion of the slot printed or etchead

on the ground plane of a POB, while leaving the geomelry of the siot contained
in a conductive surface of an SMT component unchanged, such embodiments
are effactive In providing a standard component that can be used in g great
variety of application enviroriments.

in order o arangs the antenna such that as much space as possible o left
over for other ﬁ@mpc}nen‘{s, it can be advantageous fo odent an edgs,
sspecially a long edgs, of the SMT-ype slot antenna component substantially
paratisl o the short or jony edge of the clrouit board,

The anterna component should not be o far away from the sdge of the PCE.
This faciftates providing a clearance and  assures good  radiation
characieristics.

in some embodimerts, the antenna componsnt s preferably located on or
close o the middle of an sdges and In particular on or dose to the middle of a
fong edge of the circult board or the ground plane. A symmstric location with
respect to the ground plane can provide 2 more prediclabls polarization
characteristic since cuments induced in the ground plang are not redivected in

an asymmelric way by the shape of the ground plane. This may apply even §
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the antenng teell is not symmetic but the location of the antenna on the
ground plane is symmetric or almost symmedric.

The slot of the component may be excited by balanced or unbalanced feeding.
This can be done with the help of a coplanar or toaxial transmission fine ora

microstip ransmission e

By combining the slof of a ground plena and the slot of 3 slotantenna
componant i iv possible to obtain combined slots which are opan st nong, one,
or twa ends.

if such a combined slot is provided, this combined slot may be sxdited by
exciting the slot portion of the amtenna component or the siot portion of the
ground plans. The lalter may be preferred since with this technique & is
possible to connect an RF-genaraior directly with the ground plane of the cirouit
board on which the RF-generator iiself is armanged.

Anather aspect of the invention relates o a technique o further improve the
isolation belwsen a mobile antenna and 2 wireless conneciivity antenna in a
handset or handheld device, for example, by aciing on the geometry of tha
mobile antenna o eliminate any resonance modes that might fall within any of
the operating bands of the wireless conpsclivity antenna, in line with what is
claimed and described below. In the present text, “operating band” aspacially
implies 8 band In which the antenna festures slimdar values for & numbsr of
paramaters represantstive of the antenna performance.

List of fgures

Further characteristics and advantages of the invention will become apparent in
view of the detalled description which folfows of some preferred embuodiments
of tha invention given for pumposes of flustration only and In ne way meant ag 8
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defintion of the lmils of the invention, made with refersnce to the
accompanying drawings, in which:

Fig. 1 ~ Example of a prior art slider-type handset camying an antenna for
mobile communications {101} aﬁd comptising & top PCB {100} (the dimensions
of which could be, for example, 78mm x 40mm) and & bottory PCB (102) {for
sxample, with the dimensions 70mm x 35mm}: {g) General visw of the FUBs of
the handset in the closed position; and (b} general view of the PCBs of the
handsst in the open position.

Fig. 2 — Top view of an sxample of a prior art handse! comprising a firgt
antsnna for moblle communications placed on the fop portion of the PCR of the
handset and 2 second antenna Tor wirgless connectivily services placed on the
bottors Aght comer of the PCE,

Fig. 3 — Typical slecirical performancs of the antennas of the handset shown in
Fig. 2 {a) Retum loss of each antenna and isclation betwesan anfermas when
the handset is i closed position; and (b} relum loss of each antenne and

isolation between antennas whan the handsat is it open position.

Fig. 4 - Top view of a handset according 1o an embodimant of the present
invantion, including & first anterma for mobile communications placsd on the top
portion of the PCB of the handset and a second antenna for wireless
conneclivity services placed on the botlom right comer of the PCR, whersin the
second antenna B a slot antenng: (&) General view of the PCR of the handsst
carving the two antennas; snd {b) detaiied view of the raglon that containg the
slot antenna.

Fig. 5 — Typical slentrical performance of the antennas of the handset shown in
Fig. 47 {a} Retum loss of each antenna and isclation between anlennas when
the handset 8 in cloged position; and {b} retum loss of each anterna and

solation between antennas when the handset is in open position.
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Fig. 8 — Typical radiation and antenna efficiency of the slot antenna for wirsless
connectivity integrated in the handset of Fig. 4.

Fig. 7 ~ Top view of some implemeantations of the handset comprising & moblls
anternna 701 and = slot antenna {dlack line) 702 on the PCB {700} for wirgless
connaclivity senvices.

Fig. 8 - Typical eleclrical perfomance of the antennas of the handset shown in
Fig. 7 {a) Retumn loss of sach antenna and isolation belwesn antennas when
the handssel s In closed position; and {b} return loss of each antente and
isolation between antennas when the handsat is in open position.

Fig. 8 — {a) Detalled view of an example of a handset comprising a first
antenna for mobile communicativns and a second anlenna for wireless
connactivity sernvices. The geometry of the antenna for mobiie communications
can be {allored according to the teachings of the prasent invention o enhancs
the isolation with the antenna for wireless conneclivity services by {b) modifving
the dimensions of an arm of the mobile antenna; or {o} flding an arm of tha
robile antenna.

Filg. 18 ~ Comparison of typical levels of solation betwesn the mobils antenna
and the wireless connectivity antenna that can be oblained hefore and. after
rodifving the mobile anlenna as depicted in Fig. 8b,

Fig. 11 ~ Defalled view of an antenna for mobille communications whoss
geomelry has bsen modiied according o the feachings of the present
invention to enhance the isolation with the antenna for wirsless cormectivity
servicss by increasing the length of a slot defined in the slructire of the mobile
artenng by means off {a} shapihg the slot as a meander-fke curve; or (B}
adding a conductive strip inside the aperure of the slot
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Fig. 12 ~ Comparison of typical levels of isolation between the mobille srdenna
and the wireless connectivily antenna that can be obigined before and after
modifying the mobile antenna as depicted in Fig. 11b. ‘

Fig. 13 ~ Uetalled view of the top portion of the POB of & handset showing
differerd embodimenis according o the present vention to enhance the
isotation betwesn an antenna for mobile communications and an antenna for
wireloss connectivity services by (&) Infroducing & siot on the POB; or (b
g)iaf;‘mg;; a conductive stripe above the PCE that is shordad on one end to the
PCB.

Fig. 14 -~ Comparison of fypical fevels of isolation batwesn the mobile antenna
and the wirdless connectivity antenna that can be oblalned before and after
modiying the PUB of the handset as depiclad in Fig. 13b.

Fig. 15 ~ Embodiment of a handsel accopding o the present invention
nchuding 2 moblle antenna, a wirelsss connectivity antenna, and parasitic
elsmeant fo enhance the isolation between anfernas: {8} General view of the
PCE of the handset; and {b} detailed view of the fop portion of the PCB of the
hardset showing the shape of the parasitic slemant. (For the sake of clarity, in
Fig. 15b the parasitic olemant appesrs o be shove the mobile antenns,
githough in realily {is placed below the moblle antenna but above the plans of
tha PCE of the handssl, that is, between the mobile antenna and the PCR of
the handset)

Fig. 18 — Comparison of typical levals of isolation hatweern the mobile antenna
andd the wireless connectivity antenna that can be obiained before and afler
infroducing g panasitic element, ke the one shown In Fig, 15, in the handset.

Fig. 17 — Exampie of @ box counting curve locatad in a first grid of 5x5 hoxes
and In 2 second grid of 10x10 boxes.
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Fig. 18 —~ Example of a grid dimansion curve.

Fig. 18 — Example of 3 grid dimension curve locatad In a first grid.
Fig. 20 ~ Example of a grid dimension curve located in a second grid,
Fig. 21 ~ Example of g grid dimension curve located In @ thivd grid.
Fig. 22 ~ Example of a slot antenna component.

Fig. 23 ~ Different sxamples of possible locations of a slot anterna componant
o the oircult board.

Description of the preferred embodiments

in soms prafarred embodiments of the handsat or handheld device of the
present invention, said handset or handheld device comprises a first antenna
used for at least one mobile communication service, and a sacond sntenna
usad for at least one wiraless connectivity service, wherain the second sntenna
is a slot antenna {cf. for example Figure 4). In the example of Figure 4, and
without being a limitation of the invention, the slot {402) has been sreated In
the ground plane of the PCE (400} {(namely, in a conductive metgl layer of the
POB) on its right hand side and near the bottom (considering a groundplance
arranged i tha vertical plane and with the mobile antenna 401 at s top and,
as fHustrated in Figure 4). The shape of the slot 402}, and the langth and
widths of sach one of the segments that form the said slot (402), can be
selected {o mest the requiremsnis of resonance frequency, electrical
parformance, and maxdmum POB area constraint, of & given handset or
handheld device,
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in the example of Figure 4, the slot (403} intersects the perimeter of the
ground plane of the PUB {400) 2t ons point (406} In other words, the slot
(402} = not completely swrounded by conducting materials. v some
preferred cases, the unfolded length of the slot {(402) will be approximatsly a
quansr of an operating wavelength of the slof anterna, In some other pases,
the unfolded fength of the slot (402} will be approxdmately thise times, or
approximately five fimes, or approximately another odd ieger rumber of
fimes, the fength of one gquarter of an operating wavelength of the slot
anfenna.

In other embodiments, the slot might infersect the perimster of the ground
plane of the PCB on which is placed at least al one poind, such as for
example at two points. In vel some other embodiments, the slot might not
intersect the perimeter of the ground plane of the PCB on which s placed.
That is, the slot s In these cases completely surrcundsd by corddusting
mataral (o the layer or yers containing the slot). In some embodimeants, #
might be advantageous that the unfolded length of the slot be approximately
twice, o approximately four fimes, or approximately another even infeger
number of imes, the length of one quarter of an operating wavelength of the
siot antenna.

i order to minimize the coupling between the first antenna {(401) and the
second antenna {(402) {Le., to maxinize the isolation), the design of the slot
{402) and its orientation with respect {o the PCEB {400} iz salected such that
the sfot (402} is substantially paraile! o the dirsction of the currents sxcited
on the PCB 400) by a resonating moda of the first antenna (401}, st least on
a portion of the PCR (400). In some cases, it s advaniagsous 1o design the
slot (402) zuch that it 5 substantially parsliel t© the lopger side of the
conduchive layer or ground-plane of the PCE 400} because the curranis
axchied on said PCE (400} by the resonating mode of the first antenna {(401)

tend to be substantially parallel to said longer side of the PCB {400} In the
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context of this application, two directions are considered o be substantially
parafiel § they form an angle of less than, or squal 1o, spproxdimalely 30
degrees. Alsa in the context of this application, the direction of a slot is defined
by the direction of the longest side of the minimum rectangudar ares in which

sald st is or can be ingoribed.

In soms other cases, the first antenna may include a slot that radiates at a

particular resonance Tequancy, s that said first antenna behaves substantially

as a magnelic current source for that resonance frequency. In these

ambodiments it will be advaniageous to align the said siot of the first antenna

along a first direction and the slot of the second anterma along & second

direction, said first direction being substandiafly orthogonal o said secana:i’
diraction. In the context of this application, twa directions are considered o be

substantially orthogonal § they form an angle In the range from spproximately

8 degrees fo approximately 120 degrees.

The shaps of the slol (402) can comprise straight and curved segments, not
necessarily all segments being of the same length {ses examples In Figure 7).
in the same way, the sspargtion batween the conductive edges of each
sagment of the slot (402} does not have fo be the same for all segments, now
constant for any given segment {Le., any segment of the slot (402) can be
taperad), '

In some examples, the siot {402} might have one, two, thres, or mom bends.
In general, as the number of bends n the siot (402) Increases, the shape of
the siot (402} becomes more and mare convoluted, leading to a higher

degree of miniaturization of the resulling slot antenna,

in some cases, the slol antenna can advantagsously be excited by applying
a voltage difference bebween the opposite conductive edges of the slot (402)

at a particular point (408) along the geomatlry of the slot (hereinafter referred
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o as the feeding point}. In some embodiments, the feading point (A08) will be
closer {0 the cosed end of the slot {407) than to the open end of the siot
{4(8). In certain examples, the distance belwesen the feeding point (408) and
the closed end of the slot (407} will be less than, or equal fo, 0.8%, 0.49%,

0.8%, 1.2% 1.6%, 2.5%, 33%, 4% or 8% of a free-space oparating

wavelength of the slot antenna.

In some examplss, it will be advantageous fo have the st antenng {402}
inzoribed in a reclangular area (403) of width (405) smaller than /50 of the
frae-space operating wavelength of the slot antenna (402}, and length (404)
smaller than 14 of the free-space operating wavelength. Being more general,
in some embodiments the said width (405} divided by the free-space operating
wavelength of the slot antenna will be smaller than, or equal to, at least one of
the following fraclions: /40, /30, 150, 180, W70, or 1B, In the same way,
for some smbodiments, said length (404) divided by the free-space operating
wavelength of the slot aptenna can be smalier than, or equal fo, at least one of
the foliowing fractions: 12, 143, or /4. In some other instances, # will be
advantageous that the sum of the Jength (404) and the width (408} of the
sectangular area (403} in which the siot s inscribed be smaller than 42 of the
free-space operating wavelength, or even smaller than 14 of the fres-space
operating wavalength, Furthermore, i will be advaniagenus in some cases that
the separation belwesn the two edges of the slot (402) be within 2 range from
approximately 0.08% of the free-space operating wavslength {o approxdmately
8% of a longest free-space operating wavelength, including any subintervat of
said range.

Figure & presents, without any limiting purpose, an sxample of elsctrical resulls
for the handset of Figure 4 according o the present invention. Figure Ba
presents bypical values of the input perametaers of the antennas {Le., retum
losses of each anfenna, and sclation betwesn antennas) when the sliidertype

phons is In the dosed position, while Figure 5b presents the typical results of
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the antennas when the phone s in the open position. in ms example, the fist
antenna {401} was designed fo have a multiband behavior, with a first
resonance around S00MHz to provide coverage for the GSMBO0 service, and a
second resonance around 1R00MHz o provide service under the GEM1800
and GSM1B00 standards. On the other hand the second antenng was
designad 1o be funed in the 2500MHz band. The isclation between the first
antenna {401} and the second anfenna (402} excesds 30dB In the S00MHz
band, is befter than 23dB in the 1S00MMHz band, and better than 21dR iIn the
25000MHz band. The level of isolation afiained betwesn the antermas of the.
example shown In Figure 4 is belter than the rasulis oblained for the example
of & conventional priorart amangement in Figwe 20 A Wpical radistion
performance of the slot antenna (402} &s shown without any miting purpose in
Figura 6. The slof antenna (402} has a level of radiation efficlency in sxcess of
60% in s band of operation both in the open and closed positions of the
handaeat,

Figure 7 presents, without any miling purposs, some embodiments for the
prasent invention of a handsst or handheld device comprising a slot antenns.
Senerally, & will be preferable o kesp the separation between the mobile
antenna (701} and the wireless connectivity anterna (702} as iargs as possible
in order to maximize the solation babween the anlenpas. For axample, bolation
behween the antennas on the PCR for the case of Figure 7o is expected 1o be
batter than for the case of Figure 7a, a5 the separation betwesn the antennas is
larger. However, in certain embodiments i may not be possible fo plane the
mobile ardenna (701} and the wireless connectivity antenna (702) further apart.
In these cases it will be espechally necessary or convenient to use additional
techniques to further improve the isolation batwsen the mobile antenna and the
wirsdess connectivity antenna by acling sither on the geomelry of the mobile
antenna, or on the PCR of the handset oy the handheld device, or on both.
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The electrical performance of the antennas in the smbodiment of Figure This
vrasented without any Hmiting purpose in Figure 8. As it can be observed, the
ratumn loss of sach antenna is practically the same as the ong already
presented in Figure 5. However, there s a degradation in the isolation betwsen
the mobile antenna (701) and the wireless conneclivity antenna {702,
predominantly around 2400MHz, Iinked to the smaller separation belwesn the
antennas.

Another aspec% of the nvention relates ©© techiicues to enhance the isolation
hetwean the mobile antenna and the wiregless connectivity antenna. Some of
these techniques comprise the steps of shaping the geometry of the maoblle
antenna © sliiminate higher order resonant modes or spurious modes that may
fall within an cperaling band of the wireless conneclivity antenns {or vice-
versal, giving rise to strong coupgling of the moblle antenng with the wircless
connectivity antenna.

it some embodiments, the moblle antenna can comprise festures {such as, for
instance, a slot, or a stip of metal} with an electical length olose o
approximately an integer multiple of a quarter of an operating wavelength of the
wirsless cornectivity antenna. For example, in the embodiment of Figure 9a,
the moblle antenna (801} comprises a slot {803} that hag a length of
approximately a quatter of the wavelength at 2600MHz, corresponding fo an
operating band of the wirsless connectivity antenna. For the purposes of this
example and the following ones, a wireless connactivity antenna {802} {for
axample, smbodisd in & slot antenna component) has been placed nsar the fop
left comer of the POB (800) undemeath the moblle antenna (801). As
commentad praviously, this Is not a particulardy advantageous position for the
wirsless connactivity antenna (802}, as the little distance with respect 1o the
mobile antenna {901) can imply poor isolation. As it can be seen In Figure 10, a2
typical level of izolation bafween antennas at 2800MHz is approximately 8dB.
However, this anfenna arvangement will help to Mustrate the improvement in
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isolation belween antennas that can be achieved by following the teachings
disclosed in this patent application.

{in order io ipcrease the isolation betwesn antermas, Hie length of the slot {803)
can be shorfered fo force the associated resonance frequency fo move
towards higher frequencies, away from the wircless comnectivity band. In the
amboadiment flustrated in Figure Sh, the conducting arm of the mobiie antenna
{934) has been shortenad by some amount with respect to the orginal arm
(904}, so that the resuliing slot (933) Is shorter or substantially shorter than a
guarter of the relevant resonant wavelength of the wireless connectivity
anterna and therefore resonates at a higher frequsncy.

The resonance freguencias of the mobile antenna (831} right shift in frequens
as a consequance of the shortening of the condunling arm (834 The operating
bands of the mobils antenna (831} can be readily retuned using for sxample a
rmaiching network at the feading point of the antehna. As an altemnative, it can
be preferred to lengthen the arm (834) 1 relune the operating bands of the
maobile antenna (831}, while keeping the length of slot (833} constant. In that
sense, the embodimant in Figure o shows a mobile anterna (881} in which the
conducting arm {884} has been folded as a U shape, while ensuving that tha
fengih of the slot (863} is shorter than that of the slot (803} In figure 8a. In this
case, the and of the conducting am (884} doss not coincide with the opan end
of the siot (863}, as it was the case of embodimant it Fig. Sa, where the fip of
anm {804} dafined the open end of the slot {803}, Figure 10 presents without
any limiting purmpose a ypical antenna isclation that can be obtained with a
modiftied mobite antenna ke the one in Figure 8o, and compares it with the
isolation oblained with the original mobile antenna {(Figurs 8z)

In some cases, in order o achisve a good improvement in solation belwsen
amtennas, the leagth of a slot, or a conducting strip, or more generally &

geometric feature of the mobile antenna which has an associated resonance
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within a band of the wirsless connectivity antenng, will be modified (e,
shorlened or enfarged} about 12%, or about 20%, or sven about a 30%, of the
original length of said slot, or sald conducting sinp, or said geometrical featire
of the mobile antenna.

in some other embodiments it can be advantagsous fo increase a dimension of
a feature of the moblle antenna with an associated resonance at a frequency
within an operating band of the wireless connesiivity antennia. Figure 11
digclosss bwo embodiments of a handset comprising a mobile antenna and &
wirgless conpactivity antenna that use this fechniqus fo improve the anterma
isalation. In the case of Figure 11g, the slot (803) in the original mobile anenna
{801} has been replaced by a meanderlike slot (1103} o make # slectrically
longer and shift the resonance assoctatad o this slot {1103) well below the
operating band of the wireless antenna (1102}, In some embodiments of the
present invention at least a portion of the slot (1103 will be preferably shaped
as a space-filing curve, & boorcounting curve, a grid-dimension curve, or a

fractal based curve, to achisve maximum size comprassion.

The smbodiment in Figure 11b illustrates ancther way of increasing the
electrical langth of the slot (803} of the oddginal mobile antenna (8011 In this
case, the moblle anterna {1151) comprises a mela] sirip (1154) that is placed
belwesn the adges of the slof (803} and shorted at one end to the main body of
the mobile anterma (1151} in the region {1158} In cerlain cases, the metal strip
{1154} will be Jong snough to cover substantially the slot (803), while in other
cases the metal strip (1154} will be shorter and be placed iy just a portion of the
slot (203). The resuling "U-shaped” slot will have an assoclated resonance
frequency lower than that of the original slot (803). Figure 12 presents withow
any iimiting purposs @ typical antenna isolation that can be oblained with a
modified mobile anterna ke the one In Pigurs 11b, and compares it with the
isolation obiained with the original moblle antenna Figure 8a). In some

embodiments, such a technigue improves the isolation by 4dB or mors.
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Soms other technigues o enhance the izolation between the moblle antenna
and the wieless connectivily antenna in a handset or handheld device
according to the pressnt invenlion comprise the sleps of modifving the
geometry of the PCR of said handset or handheld device {o introduce on said
PCR a feature able to increase the isolation between antennas n a particular
frequency band.

Figure 130 presents an embodiment of & handset comprising a moblle anterma
{13013, a wircless connectivity antenna (1302} and a PCB {1300}, wherein 2
siof (1304) has been created In 8 ground plane of said PCR {1300} The slot
{(1304) features an open end. That is, the siot {1304) intersects the perimetsr of
the conducting pattermn of the PCR {1300} in 2t least one point. In othey words
the slot {1304} is not completely surrounded by conducting materials, In this
example, the unfolded length of the st {1304} has bheen sslected fo be
approximately a quarter of the wavelength at the frequency for which the
solation betwesn antennas neads o be enhanced. More genarally, the length
of the slot {(1304) can be adjusted to be approximately an odd integer multiple
of a guarer of the wavelength at the freguency for which 2 higher lavel of
isolation is naaedad.

A purpose of the slot (1304} is to present a high Impedance path to the cuments
flowing on the perdmster of the ground plane of the PCB (1300} on which the
stot {1304} s placed andfor along a prafered path between the feeding points
of the first and ‘semﬂa‘ antermas {the fesding point of sald second anfenna
{1302} is placed Lmdef the first antenna (1301}, at the oft of the slot (1304) In
figure 13a). Therefore, & will be preferred In certain embodiments, in order fo
increase the lsolation, to placs the slot (1304 at a point along the perimeler of
the ground plane of the PCB (1300} in which the currents flowing from the
wireless connectivity antenna (1302} fowards the mobila antenna {(1201) along

the perimeter of the ground plane of the PCB {1300} are strong. n other
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smbodiments, & purposs of shaping the ground plane with for instance ons or
more siols is fo aller the phase and ampliifude of the coupling and {o generate
multiple signa! coupling paths such that those mulliple signals cancel or
partially cancel sach other.

Figure 13b discloses another embodiment of a handset comprising & mobile
ardenna (1301}, 2 wireless connectivity antenna (1302) and a PCB {1380,
whereln a conductive stripe (1854) has been placed above, and substantially
paraiial o, the ground plane of the sald PCB (1350) and shorted at ons end to
the said POB (1350} In the example of the figure, the unfolded length of the

“conducting stripe (1354) has been selscted to be approximately a quarter of the

wavalength at the frequency for which the isolation betwesn antennas needs fo
ba enhanced. Being more general, the length of the conducting strips {13543
can be adiusted fo be approximately an odd integer multiple of a quarter of the

wavalength at the frequancy for which a higherlevel of isolation is neaded.

Similady to the slot (1304) in Figure 13a, & purpose of the conducting strip
{1384} is to present & high impedance path to the curents flowing on the
ground plane of the PCB (13560) from the wireless connectivity antenna {12032
towards the mobile antenna {(1301) {or viceversa), Thersfore, 1§ will bs
advantagsous in some cases, i place the shorted end of the conducting stripe
{1354 at least & distance of approodmalely @ quader of the wavelength at the
frequency for which 2 highey ie‘&eé of izolation is neaded, on the path that the
currents flowing from the wirdess conneciivity antenna {1302} fowards the
mobile antenna {1301} follow on the ground plane of the PCB (1350) {or
vicgversal

Figure 14 presents, without any imiling purpose, typical antenna isolation that
can be oblained by using a handset with a modified PCB as the one disclosed
in Figwe 13b. Compared with the bolation curve oblained in the original

handset (Figure 9a), the prasence of the shorfed conducting ship (1354}
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ntroduces a deep nokeh it the isclation in the region between 2600MHz and
2800MHz, where the original handseat had a poor isolation.

Ins other embodiments, the ground plans of the PCB of the handset or handheld
device can have two or more slolg, ke the slot (1304) ip Figurs 138, ortwo or
more conducting strips shorted o the ground plane of the PCB, like the
conducting stips (1354} In Figure 13b. By adjusting the number and length of
the siots or the conducting sirips, the frequency behavior of the isolation
betwesn antennas can be iolored. It genersl, for & wide-band behavior, the
length of the slols or the conducting stvips will be substantially similar. For a
multiband response with no overlapping betweern frequency bands, the length
of sach slot or each conducting ship v assoclated mainly with the center
frequency of a particular band ab which the olation between anlennas noeds
o be increased. In yet other embodiments, a single slot (or a single condueting
sirp) with mulliple branches can be usad {o oblain an improvement in the
isolation with 2 wideband or muliband behavior.

it yet other embodiments, the handset or handheld device comprises a mobile
anterma (1501), a wircless connactivily anterina (1802}, and a conducting strip
{1504} placed in the vicinily of the mobils antenna {(1501) and the wirslass
connectivity antenna (1502), but differantly from what is disclosed in Figure
13b, sald conducling strip (also refered to as parasiic slement) & nat
connacted 1o the ground plane of the PCB (1800). In the example of the Figure
15, the unfolded length of the conducting sirip {1504} has been sslected o be
approximately half of the wavéiength at the frequency for which the solation
between anfennas needs 1o be enhanced. The resonance isroduced by gaid
conducting strip {1504} enhances the ciove of isclation belween antenmas {see
Figure 18, which is provided for the purposes of Hlustraliom only and in no way
meant as a definition of the limits of the invention), improving substantially the
isolation iy the desired band (the 2800MHz ~ 2800MHz region in this particular
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axample). This conductive strp (1504} basically funclions as a shisld for the

electromagnetic radiation between the two antennas,

in some embodiments of the present Invention {see for sxample Figures 13 and
15) at least a portion of the siot {1304}, or @ portion of the conducting sirlp
{1354, 1504} will preferably be shaped as a space-filling curve, & box-counting
curve, a grid-dimension curve, or 8 fractal based olrve, to achisve maximum

size comprassion.

A person skiled in the art will recognize that the lechniques disclosed in this
patent application can be advantageously usaed {fo enhance the isclation
betwaen an antenna for moblle communisations and an antenna for wireless
connectivity services nof only whan the latter Is a slot antenna but slso for other
types of anterma iopology such as for instance, but not limited fo, a monopols
antenna, an FA, a patch antenna or a PIFAL

Fig. 22 shows an example of slobanfenna component 2210 sccording useful
for prasent invention, including a conductive surface 2211, in which a slot 2213

has besn created, a diclentric substrate?212, five grounding termingls 2215

~angd fesding means comprising & feeding temminat 224, In Fig. 228 =&

parapactive bottom view of the slobantenna component {La., as seen from the
side of the component facing the PCB on which # & to be mountad) is shown,
Fig. 22b is 2 top view of the component (Le., a3 seen from the side of the
somponant not facing the PCE on which it is o be mounted).

The conduntive surface 2211 is hacked hy & dislechic substrgte 2212 In this
partioular embodiment, and without E‘mﬁ‘é&ng plirposes, the contour of the slot
2213 is inspired in the Hilbert clyve; however, other shapas could also be
used. In fact, the shape of the siot 2213, and the langih and width of each
ona of the segments that form said siot 2913, can be selectsd o mest the
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requirements of resonancs frequency, electrical performance, and maxdmum

gize, of a given SMT componani.

iy & preferrad smbaodimant, the conductive surface 2211 is covered by another
dielactric layer {such as for example a layer of ink, or a layer of protective epoxy
coating for environmental protection), in whith some windows are left in order
o create one of more contact terminals 2214, 2215 of the component 8210, In
Fig, 22, the slot-antenna component 2210 comprises ane feeding teminal 2214
and several grounding terminals 2215, The contact terminals 2314, 9215 have
been depicted as square pads, although they could be shaped differently, or
take the form of pins or BGA balls.

Al contact terminals 2214, 2215 ars arranged on or close o the edge of the
conductive surface 2211 and at the sams tme on or close fo the edge of
antenng componant 2210,

in figure 22, the feeding means of the slotantenna component 2210 comprisa
a feading contact 2214 and a conductive strip 2218 that can be advantageously
printed or elched on the same conductive surface 2211 as the sl 2213, thus
making the feeding means coplanar with the slot 2213, The conductive strip
2218 sonnects the feeding terminal 2214 with the edge of the siot 2213 that s
farthey from the contact terminal 2214 In region 2219 along the st 2213, Inthe
axampie of Fig. 12, the connection of the conductive strip 2218 with the adge of
the slot 2213 that & farther from the contact termingl 2214 ocours at a
substantially right angle {{e., an angle of approximately 20%), however said
sonnaction could also occur af angles smaller or larger than 80

I said region 22198, the edge of the slot 2213 thal s closer to the feading
terminal 2244 is interrupted, so that the conductive strip 2218 can cross the slot
2213 reaching the farther adge of said slot 22138, A clegrance region 2220 is

created at both sides of the conductive stiip 2218 and the fesding ferminal
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2214, The width of the dearance regiorn 2220 does not need o be necessarlly
the same on both sides of the conductive strip 218 and the feeding termingl
2214, The input impadance of the slot antenna can be appropriately selected
by means of the distance of the region 2215 o an end of slot 2217, the width of
the conductive strip 2218 and the widlhs of the clearance region 2220 on sach

side of the conductive strip 3218, and the feading terminal 2214,

in certain synbodiments, said widths can be substantially squal. In some cases,
the width of the conductive strip 2218 and the widths of the dearance regions
on each side thereof can be advariageously selected so as {o form a coplanar
transmission fine. The width of the conductive strip 2218 and the widths of said
clearance regions will praferably be smaller than a maximum width. Some
possible values for sald mexdimum width comprise 12400, 11200, 1/800,
1800, 1480, 1400, 1300, 1240, 17200, 1180 and 1120 of & fres-space
operating wavelength of the slot antenna.

In some cases, # will be advantageous o place a grounding terminal 2215 at
sach side of the feeding ermingl 2214, In other sxamples, the feading terminat
2234 might not be coplanar with the slot 2213, making # necessary to couple a
feading signal from the feeding terminal 2214 to the condustive s?fip 4218
gither by direct contact (such as for instance by means of @ via hols), or by
slectromagnetic coupling {elther capaciive or inductive). Capaditive {or
inductived coupling can ba preferred in some cases fo compensate for an
inductive {or capacitive) component of the input impeadance of the slot antenna,

without having fo uss external clrouit elements such as capaciiors or inductors.

Figure 22 shows an example of the slot-anterna component 2210 it which the
slol antenng b excited In an unbaignesd manner In some other examples, &
slot-antenina component could be excited in a balanced manner by including 2

first feeding terminal o provide 8 positive polential {referenced  a ground

potential} and a second fecding terminal to provide a negative potential
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{raferenced o sald ground potential). In some cases, the component can also
Include g third feeding terminal to provide sald ground potential.

in the embodiment of Fig. 22, the glot 2213 has a first end 2218 that intersecis
the petimeter of the conductive surface 2211, That Is, the slot 2213 is open-
ended at sald first end 2216, Furthermore, the second and 2217 of the slot
does not intersect the perimster of the conductive surface 2211 (e, # is
clossd-ended).

in Fig. 23 examples of how a slobantenna component 2210 can be placed on a
substantislly rectangutar POB 2300 of & wirsless {a.g. handhsld or portable)
device are shown. In Fig 23a the longsr dimension of the éiﬂtﬂﬂ?ﬁmnﬁ
component 2210 is aliignad with ons of the longer edges of the PCR 2300, and
substantially cantered along saild edge. Fig. 230 relates o the case where the
longer dimension of the slot-antenna component 3210 is aligned with one of the
fonger edgss of the PCB 2300, and substantially close o & comer of sald "edga
and in Fig. 230 the longer dimension of the siobantenna component 2810 i
alignad with one of the shorler edges of the PCR 2300, and substantialy close

o a comer of said edge. t may also be centered along the short edge.

in Fig. 23, the conductive layer of the PCB 2300 has been removed or, at least,
padly removed under the slhtantenna component 2210, et i in

correspondence with the footprint of the slotanterna component on the PCB,
that is, in corespondence with its projection on the POB 3300,

Generally, the present invention can facillitate the integration of the antennas
inside several kinds of handsels or handheld devices so that the antennas can
be arrangad in a way that it is compatible with high density of components on
the PCR of the device. Pov miniaturization purposes, al jeast a portion of the
curve defining the conducting trace, conducling wire or contour of the

conducting shest of at least one antehna of the handset or handheld device will
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advantageously be a spacediling curve, a boxcounting cuve, a grid-
dimension curve, oy & fractal based curve, The conducting frace, condusting
wirg or contour of the conducting sheet of sald at least one antenna might take
the form of & single curve, or might branch-gut In two or more curves, which at
the same Hime in some embodiments will be alko of the space-filling, box-
counting, grid-dimension, or fractal kinds, Additionally, in some embodiments a
part of the curve wil be coupled either through direct contant or elechomagnetic
coupling 1o 8 conducting polygonal or muitilevel surface.

Tha teachings disclosed iy the present patent application facilitate the adoption
of the wireless functionality in handsets and other handheld devices, Handset
and handheld device mamnufacturss will bensll from the commercialization of
such products with valus-added features and that enjoy of stronger customer
preference. In a platform fike the ons of & handset for mobile communications
in which the officlent use of small-sized PCBs is paramount, the infegration of &

‘wirgless connectivity antenna according to the present nvention offers the

benafit of small arsa overheads (e, smaller overall size of the handhsld

devica), which tansiates Info lower cost. Moreover, the snhanced isolation

between antennas attainable using the fechniques and teachings of the presant
wvention provide handsel and handheld device manufactrers with mors
flexibility when designing the layout of the PGB of the devices and the
placement of the antennas and neighbordng slectronics on the PCR of the
devices, reducing the costs of Integration of the antenna, simpiifying the new
orodunt development cycle, and accelerating the time (o market of thelr new
progucts,

in some preferred embodiments the handset or handheld device s operating at
gne, two, three or morg of the following communication and comneciivity

sarvices: GRM ((3EMBS0, GBMERD, GSMITBO0, American GSM or PCB1800,
GSMEED),  UMTS, wabDmMa,  COMA, Bluctooty'™,  IEEES02.11ba,
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SDARs, XDARS, WikiaX, DAB, FM, DMB, DVB-HL
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1. A handheld device comprising:

at least one printed circult board;

a first antenna capable of transmitling and receiving electromagnetic wave
signals in at E’éast thres fraquanoy bands;

a second antenna arranged o operale in a first frequency band;

wharein sald first frequenoy band is different from any frequency band of
said at least three frequency bands; and

wherein the second antenna is a slot antenna comprising 2t least one slot
iy at least ons conductive layer,

2. The handheld device according fo claim 1, whereln sald at least one
conductive layer s a conductive layer of said at least one printed cirpuit board,
whareln said slot antenna comprises at least one slot ih said conductive layer of
said at least one prinded ciroult board,

3. The handheld device according to claim 1, wherein said al least one slot has
a clossd end and an open end, sald open end being aranged in correspondence
with a perimeatar of sald af least one conductive layer, wherein said ot least one
slotis not completely surrounded by conductive matedal in a plane or planes of
said ot least one conductive laver.

4, The handhald device according to claim 4, wherein said second antenna
comprises at least one feed point, wherein sald at least one feed point is sifuated
closer to sald closed end than {o sald opsn end.

§. The handheld device according to fsraim 1, whereln aaid o sast one slot
comprises fwo closed ends, wherein said at least one slot i completely
swrrounded by conductive material i a plane or planss of sald al sast one
condustive layer.

8. The handheld device according to claim 1, whereln said sacond antenna
comprises at least one fead point, wherein said at least one feed point is sHusted
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at a distance from a closed end of said siot less than, or equald to, a value
selected from the group comprising 0.2%, 0.4%, 0,8%, 1.2%., 1.8%, 2.5%, 3.3%,
4% and 8% of a frez-space operating wavelength of the second antenna,

7. The handheld devics according to claim 1, whersin said af least one slot
antenna haz a size so that the at least one slot antenna can be hsoribed ina
rectangle having a width of less than 1/80 of a free-space operating wavelength
of the at least one siot antenna.

8. The handheld device according to claim 1, whersin said af least one slgt
antenna has a size so that the at lsast one slof anterna can ba Inscribed Ina
rectangle having & fength of less than 144 of a free-space operating wavelength
of the af least ons slot antenna.

8, The handheld device according o olalm 1, whersin said at least one slot has
an unfolded length corresponding o approxdimalely 2N-11"AM, whers Als an
oparating wavelength of the second antenna and N is an integer, N»1.

18, The handheld device according to claim 1, wherein sald af least one slot has
an unfolded fength corresponding to approximately (2NVAM, whers Als an
operating wavelengih of the second antenna and N is an infeger, N>1.

11. The handheld device gecording to claim 1, whersin said at least one printed
cirouit board comprises a ground-plane having a generally reciangular
configuration comprising two shorter sides and two longer sides, wherein sald &t
least one siot antenna comprises at least one slot exdending in a diregtion
substantially parallsl to one of said two longer sides.

12. The handheld device according to claim 11, wharein said first antenna is
arranged axtending in a direction substantially parallel to one of said two shorter
sides.

13. The handheld device ancording to claim 11, whersin sald sscond antenna &

arranged substantially at a center portion of one of sald two longer sides.
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44, The handheld device sccording o claim 11, wherein said first antenna is
arranged substantially adjscent to ong of said two shorler sides,

15. The handheld device according o claim 11, whareln said sscond antenna
has a longhudinal extension substantially paralls! fo one of said two longer sides.

16, The handheld device according o claim 1, wherein said handheld device
further comprising at least ons slotin a ground-plane of said at lsast one printed
circutt board, whersin said at least one slot is arranged for providing enhancsd
isolation betwesn a feeding point of said first antenna and a feading point of said
second antenna by providing a high Impadance path in said ground-plane
betwesn said feading points at at least one frequency band corresponding fo an
operating band of one of said first and sscond antennas.

17. The handheld device according to slalm 18, wherein said at least one slot in
the ground-plane has an open and in correspondence with a perimeter of sald
ground-plans.

18, The handheld device according fo claim 18, whereln said at least one slot in
the ground-plane has a length of approximately 2N-1AM, wherein Als a
wavelength caresponding te a frequency within said operating band, and N is an
intager, N1,

18. A handheld device comprising:

a printed circult board ncluding a ground plans;

a first anterna operating in a plivalily of frequency bands, said first
antenna being capable of fransmiiting and receiving electromagnetic wave
signals in each frequency band of sald piuraiﬁy of frequency bands;

& second antenna ogerating In at laast & first frequency band, said sgeond
antenna being capable of ransmilling and receiving electromagnetic wave
signals in said first frequency band;

wharein said first frequency band is different from any frequency band of
the plurality of frequency bands;
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wherein the said first antenna s selected from the group consisting
essentially of monopole antenna, IFA, palch sntenna, and PIFA;

wherein the second antenna is a slot anterma comprising a slot having an
apen and, wherein tha slot antenna is included in the ground plane of the printed
cireult board, wharein a longest straight segment of the slot is substantially
paralie! to a jongest edge of the printed circu®t board, whergin the open end of the
slot is In contact with an edge of the printed civouit board;

whersin a width of a rectangular area In which the slot antemna s
inscribed, divided by a free»—spamé opgrating wavelength of the slot antenna is
smaller than, or aqual to, at lsast one of the following fractions: 110, 1430, 1750,
180, 170, or 18G

wharain a length of the reclangular area in which the slot antenna is
inscribad, divided by a fres-space operating wavelength of the siot antenna is
smaller than, or equal to, al least one of the following fractions: 12, 173, or 144;

wherein the handheld device is & mobile handsed, operating in at least one
of the following mobile communication and wirsless connectivity services:

GEM (GSMBB0, GEMS0U, GSM1B00, American GSM or PCS1900,
GEM4E0), UMTS, WCDMA, COMA, Blustooth.TM,, (EEER02 11{bls,
{EEES02.11b, IEEER02. 11g, WLAN, WIiFI, UWB, ZigBee, GPS, Osliles, SDARS,
XDARS, WIMAX, DAR, FM, DMB.

20, A method of inproving isclation batween a first antenna and a second
antenna of 2 handheld device, the method comprising:

the first anterma operating in 8 plurality of frequency bands, said first
antenna being capable of transmiliing and recsiving electromagnetic wave
signals In each frequency band of said plurality of frequency bands;

the second antenna operating in a first frequency band, wharsin the first
frequency band is differant from any frequency band of the plurality of frequency
hands;

astablishing at loast ane slof in & ground-plane of sald handheld davice so

asto provide for enhancad isolation between a feeding point of said first antenna

and a feading point of said sscond anfenng; and
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provigding a high inpsdance path in said ground-plane betwesn said
feeding points at ot least one freguency band selected from said plurality of
fraquency bands and the first frequency band,
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ABSTRACT

The invention relates to a handheld device comprising a first anlenna
(401, 701, 801, 831, 881, 1101, 1181, 1301, 1501) arranged to operate in gt least
a first fraquency band, and a second antenna {402, 703, 802, 1102, 1302, 1502,
2210} arrangsd to operats in at lsast & second frequency band, whersin said
second fraguency band is different from saild first frequency band,  According to
the Invention, the second antenna comprises a slot antenna comprising at lsast
one slot in at least one conductive layer. Thae nvention also relates to
anhancameant of the isolation between first and second antennas in a handhsld
device,
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