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INTRODUCTORY COMMENTS 
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of this paper. 

Remarks/Arguments begin on page 8 of this paper. 

5972083v.1 47005/P040WUSC2 

EX1002 - Page 13



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. 

3 
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Application No. Not Yet Assigned Docket No.: 47005-P040WUSC2 

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-l)*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-l)*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.lla, IEEE802.llb, IEEE802.llg, 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. 
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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. 

5 
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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™, IEEE802.lla, IEEE802.llb, IEEE802.llg, 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. 

6 
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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, PIP A, IPA, or patch antenna. 
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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 

5972083v.l 47005/P040WUSC2 

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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5 

1 

HANDHELD DE.VICE WITH TWO ANTENNAS. AND METHOD OF 

ENHANCING THE ISOLATION BST\NEEN THE ANTENNAS 

Object of the invention 

The present invention relates to .a handset and generally to any handheld 

device, which indudes an antenna fur receiving and transmittfng 

electromagnetic wave signals. 

1 o lt is an object of the present invention to provide a handset or handheld device 

(such as. for instance, a mobile phone, a smartphone, a PDA, an MP3 player, a 

headset, a USB dongle, a laptop, a PGMClA or Cardbus S2 card}, \<'1thfch 

comprises a first antenna (for example, an antenna for mobile 

cornrrn.mications). and a second antenna (for mobile communk,ations, and/or 

i 5 for at least one wireless connectivity Sl~rvice), said second ankmna being a slot 

antenna. The second antenna can require a veiy small area on the printed 

circuit board (PCB} ofthe hand~he!d device, 

,-'\Mother aspect of the fnvention relates to a technlque to obtaln good jso!ation 

20 bebNeen said first antenna and, said second antenna. ,According to the present 

invention, good isolation bel'Neen the antennas. included in the handset or 

handhetd device can be obtalned by appropriately choosing the p!acernent 

and orientation on U1e PCB of each one of tile antennas comprised ln the 

handset or handhe!d devlce. and/or by acting on the PCB (or, rather. on a 

25 conductive !ayer of the PCB, such as a metal layer of the PCB acting as a 

ground--p!ane for one or both of the antennas) of the han.d$et or ha:ndhe!d 

devlct3 to reduce the electromagnetic coupling bet.veen antennas, and/or by 

other means 

30 

Background of the invention 
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2 

• The current trend in the sector of mobile phone rnanufacturers, and more • 

oenera!iv handheld device manufacturers, is to incorporate added value 
'w ,. .Jo • 

wireless services, such as connectivity functionaHty and geoiocalization (such 

5 as for example, but not limited to B!uetooth™, IEEE802.1·1a, IEEE802,11b. 

!EEE802.1 ·1g, VVLAN, WlFi, UWB, · ZigBee, (3PS, Gameo, SDARs, XDARS. 

VViMAX, DAB, FM, OVB-H, or DMB) in rnore and more of their products. An 

antepna arranged or c.onfigured to operate effeciivE.:ly in a frequency. band 

suitable for one or more of these services or standards is sometimes rnferr-ed to 

1 o as a "wireless connedMty antenna" ln this document 

In sorm~ cases,. these handhe!d devices also operate in at !east one frequency 

band used for mobile communication services, such as GSM (GSM850, 

GSM900, GSMi800, Americ.an GSM or PCS1900. GSM450); UMTS, VVCDMA, 

·15 or CDMA. apart from having the ability to operate In the frequency band 

corresponding to the wireless connectivity service. 

Although rr is possible to integrate aU the operating bands of a particular 

handhe!d device in a single antenna, the trend ln tht~ handset manufacturing 

_industry shows that It ls preferred to have hvo separate a'ntennas: A first 

20 antenna is used for the bands of the selected mobile communication services 

(such as, for example. GSM}. and a second antenna is used to allow the device 

to operate at an addlUonal comrnunicat1on service (such as, for instance, 

UMTS) or at the frequency bands of a wireless connectivity standard (such as, 

for example, WLAN or Bh.mtootr;n-.1). 

25 

30 

Uslng tvvo separ-ate antennas presents some advantages: 

~ lt can rnake the design of each one of the antennas: easter. as a single 

muitlband antenna covering all the bands of operation of the handset 

1Nou!d require ,3 more compHcated design, 
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10 

15 

20 

25 

3 

.ii It also slrnpHfies the radiofrequency (RF} front~nd for each one of the 

iwo antennas.. lf there is ·only one single antenna; the RF front--end to 

which the antenna fs connected would have to include a dip!exer or 

multiplexer capable of $epaxating the frequency bands oorrespom::ling to 

the different services, for example, separating the mobile comrnunication 

frequency bands frorn the wireless connectivity frequency bands .. 

~ Moreover, tt offers more· flexibllity In the design of the PCS that carries 

the electronic components and circuitry of the handset or handhe!d 

device. In many cases, a PCB designer wm preferably !ay out the 

module or chipset providing the wireh~ss c:cmnectivity functtonaHty, and 

the module or chipset for the moblfe cormnunlcatfon services, ln different 

pa1ts ofthe PCR 

The first antenna can typic.ally be, for instance and \Nithout Hmltatlon, a 

monopole antenna, an hwerted--F antenna (lFA}, a patch antenna, or a planar 

frwerted-F antenna (PlFA). Some known soluti.ons for said second antenna 

include antennas printed on the PCB of the device (such as, for example, but 

not !tmited to, a printl3d !FA), or an antenna component, or a chip antenna. 

However, the integration in a handset of a second antenna dedlcated to the 

vvlre!ess connectivity services is not triviaL .As the space available on the PCB 

of the device· is scarce, antenna solutions with srnal! footprints are 

advantageous. Printed antennas are typically not small in size, since thek 

dimensions am approxfmateiy a quarter of an operating wavelength of the 

antenna, Chip antennas may achieve some degree of miniaturization (for 

instance, by loading the antenna \Vlth a materla! with high dielectric constant), 

however, fn many cast~s, U1ey exhibit poor matching h.'3vels, and Bmited 

bandv.~dth, efficiency and/or gain. 
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One additional prob!ern that further complicates the integration of the wireless 

connectivity antenna in a handset or handheid device ls the low fsolation that Is 

usually obtained between this antenna and the antenna used for mobile 

('.,,om munfcations .. 

lnterband isolation can be improved by separating the t,vo antennas further 

apart, although thls might not be practical in typical handsets due to their srna!! 

size and due to the Hmited positrons that are available to integrate the vtlre!ess 

connectivity antenna, This ls the case especla.Hy for more recent handset 

10 topologles, like for example flip,-type (also known as clomsho!l) phones and 

slider-type phones (as the one schematlca!ly mustrated in Figure ·1 )- As an 

alternative, a filter can be used to achieve the required !eve! of tso!atlon 

bet\Neen antennas Vvithin the operating bands. However, this approach irnp!ies 

adding extra components on the PCB, thus using up more space on the PCB of 

15 the devlce, and resu!tlng in an increase 1n cost of the handset 

20 

25 

A conventional handset that includes an antenna for mobile communrcatfons 

and an antenna for \Vim!ess connectivity is depicted in Ffgure 2:. For this 

example, the handset has been selected to have a slider-type topotogy as 

schematica!ly iHustrated in Figure i. A slider-type handset comprlses typically a 

first PCB (100) placed substant1al!y above and paraHel to a second PCB (102). 

The first PCB (100} has the ability to slide above the second PCB ('102), so that 

the handset can be in a dosed posmon, as shown in Figure i(a) or in an open 

position, as shown in Figure 1(b), Generally, the first PCB (100) and the second 

PCB (102) are e!ectncaHy connected, for example by means of a flexible 

conductive rnm (not illustrated in figure 1 ) .. An antenna 101 ls mounted at one 

end of the first PCB. In this c-ast~, the antenna is a Planar !nverted--F Antenna 

(P!FA), with a short-circuit ('1018} to the ground-plane (in this case, to a 

conductive metal layer of thS PCB) and \-vn:h a feeding point (101A) dose to 

30 said short--c.!rctfrt 
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For the purpose of the example mustrated 1n Figure 2, the handset comprises a 

first antenna {201 ). placed on the top part of the first PCH (200), that operates 

at the frequency bands for mobile communicatlons, and a second antenna 

(202) placed on the bottom right comer of the PCB (200) that operates at the 

S frequency bands of the wireless connectivity services. The first antenna has a 

feeding point (201A) and a short-drcuit (2018) to ground (namely, to a 

conductive metal layer of the PCB 200,. consututing a ground-plane for the 

antenna). For mustratlve purposes, in the example mustrated in figure 2. the 

second antenna (202) is a· swfaoo mount technology (SMT) cornponent 

10 mounted on the PCB (200), although it could have b{~(➔n replaced by, for 

exampfe, an antenna printed on the PCB (200}, 

Some typfcal e!ectrlcat resufts for the handset of F1gum 2 are shown v111thout 

any lirniting purpose in Figure 3. Figure 3a presents typical results of the input 

·15 parameters of the antennas (Le., return losses of each antenna, and isolation 

ben,veen antennas} when the siidt~r-type phone is in the closed position, whHe 

Figure 3b presents the typical msu!ts of the antennas when the pbone fs in the 

open position, !n this example. the first antenna (201 J \:Vas designed to have a 

multiband behavior, with a first resonance around 900!V1Hz to provide coverage 

20 for the GSM900 service, and a second resonance around ·rnOOMHz to provide 

service to the GS!vH 800 and GSM 1900 seivices, On the other hand, the 

second antenna was designed to be tuned in the 2500MHz band. These 

frequency ranges have been selected just to mustrate the example, but the 

antennas could work ln any frequency band included ln the range from 

25 

30 

approximately 400MHz to approximately 12GHz, including any subinteni1at The 

isolation between the first antenna (201) and the second antenna (202) Is 20d8 

in the 900MHz band, 18<lB in the 1900MHz band. The isolation degrades to 

17 dB at the center of tht1 resonance of the secr .. :md antenna around 2600MHz. 

Space Fillfng Curves 
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ln some ernbod1ments of the lnventfon, at !east one antenna of the antennas 

included tn the handset or handheld devlce may be miniaturized by shaping at 

least a portion of the conducting trace, conducting wire or contour of a 

5 conducting sheet of the antenna (e.g,, a part of the arms of a dipole, the 

perimeter of the patch of a patch antenna, the slot tn a slot antenna, the loop 

perimeter in a !oop antenna, or other portions of the antenna) as a space-:fH!ing 

curve (SFC). 

iO An SFC is a curve that ls large in terms of physical length but smalt !n terms of 

the area 1n which the curve can be included. More precisely, for the purposes of 

this patent document, an SFC is defined as follows: a curve having at least five 

segrnents, or identlfiabfe sections, that are connected ln such a way that each 

segrnent forrns an angle vmh any adjacent segments, such that no pair of 

15 adjacent segrnents defines a larger stralght segment. !n addi:tlon, an SFC does 

not lntersect with itself at any point except possibly the 1nitlal and final point 

(that ls, the whole curve can be arranged as a closed curve or loop, but none of 

the lElSser parts of the curie form a closed curve or ioop). 

20 A space--flllfng curve can be fitted over a flat or curved surface, and due to the 

angles betvveen segments, the physical !ength of the curve is !arger than that of 

any·straightnne that can be fitted ln the same area (surface) as the space-tH!ing 

curve, AddltbnaHy, to shape the structure of a rninfature antenna, the segrnents 

of the SFCs should be shorter than at least one fifth ofthe fa':!e-space operating 

2.5 v1avelength, and possibly shorter than one tenth of the free-space operating 

wavelength. The space-filling curve siiou!d include at least five segments in 

order to provide some antenna size reduction, however a larger number of 

segments may be used. In genera!. the larger the number of segments and the 

narrower the angles betvveen them, the smaller the size of the final antenna, 

30 
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Box-Countina Curves 

!n other ernbod\ments of the irwentlon, at !east one antenna of the antennas 

induded \n the handset or handheld device n1ay be mlnlaturized by shaping at 

5 least a portion of the conducting trace, conducting wire or contour of a 

conducting sheet of the antenna to have a selected bo>~·-.counting dirnension, 

For a given geometry tying on a surface, the box-counting dimension is 

computed as follows, First, a grtd 1,vlth substantia!ly square ldenticat cells or 

-1 0 boxes of slz.e L 1 is placed over the geometry, s~ch that the grid completely 

covers the geometry, that ts, no part of the curve is out of the grld. The number 

of boxes N1 that include at. least a point of the geometry are then counted, 

Second, a grid with boxes of s!ze L2 (L2 being smaller than L 1.) is also placed 

over the geometry, such that the. grid cornpletety covers the geometry. and the 

15 nurnber of boxes N2 that include at least a point of the 9eometry are counted. 

20 

The box--countlng dimension Dis then computed as: 

1og(N2) ·••· 1og(Nl) 
D::,:; -·-------··---

log(L2)- log(Ll) 

For the oumoses of the antennas rnc.!uded in the handset or handhe!d device 
}, } 

described herein, the box-counting dimension may be computed by p!adng the 

first and second grids inside a minimum rectangular are~ enclosing· the 

conducting trace, conducting wke or contour of a conducting sheet of the 

antenna and applying the above atgortthrn. The first grid should be chosen 

25 such that the rectangular area ls meshed !nan army of at !east 5 x 5 boxes or 

cells. and the second grid should be chost3n such that L2 = 112 L and such that 

the second grid includes at least 10 x 10 boxes_. The minimum rectangular area 

is an area in which there is not an entire row or column on the pelirneter of the 

grid that does not contain any pit':lce of the curve, 

30 
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The desired box-countlng dimension for the curve may be selected to achieve a 

desired amount of minJaturization. The box-counting dimension should be 

larger than 1 ;1 in order to achieve a substantial antenna slze reduction. lf a 

larger degree of miniaturization ls desired, then a larger box-counting 

dimension may be selected, such as a box-counting dlmension ranging from 

1.5 to 3. For the purposes of thls patent document, curvc~s ln which at least a 

portlon of the geometry of the curve has a box-·coun:ting dimension !arger than 

1. 1 are referred to as box~cmmting curves< 

·1 o For very sn1a!l antennas, for example antennas that fit vvfthin a rectangle the 

longest side of v,,rh1ch does not exceed one-ivl/entieth the longest free-space 

operating wavefength of the antenna, the box-countfng dimension may be 

computed using a t1ner grid. tn such a case, the first grid rnay include a mesh of 

1 O x l O equal cells, and the second grid may include a mesh of 20 x 20 equal 

15 ce!!s, The box-counting dlme11sion (D) may then be ca!cu!ated uslng the above 

equation, 

In general, for a given resonant frequenc:y< of the antenna, the larger the box­

counting dlrnenslon. the higher the degree of rnkiiaturiz.ation that v .. ~n be 

20 achieved by the antenna. One vvay to enhance the miniaturization capabilities 

of the antenna Is to arrange the several segments of the curve of the antenna 

pattern ln such a way that the curve intersl~cts at ieast one point of at least 14 

boxes of the 'first grid with 5 x 5 boxes or cells encloslng the curve. ff a hlgher 

degree of miniaturization is desired, then the curve may be arranged to cross at 

least one of the boxes twice. within the 5 x 5 grid, that ls, the cu Ne may lnclude 

iv¥'O non-adjacent portions inside at !east one ofthe ceHs or boxes of the g!id. 

Figure 17 illustrates an example of how the box-counting dimension of a curve 

(1700) ls calculated. The example curve (1700) is placed under a 5 x 5 grid 

(1701) and under a 10 :x: 10 grid ('1702). As illustrated, thE1 curve (1700) touches 

N·1=25 boxes in the 5 x 5 grid {1701) and touches N2=78 boxes in the 10 x 10 
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grfd ('1702), !n thfs case. the size of the boxes 111 the 5 x 5 grld (Hn1) is twice 

the size of the boxes in the iO x iO grid (1702). By applying the above 

equation, the box-counting dimension of the example c.t .. nve (1700) may be 

ca!cu[ated as Q;-;·1.64 ·15, ln addition, further rnlnlaturlzation is acbieved in this 

5 example because the curve (1700) crosses more than 14 of the 25 boxes in 

grid (1701 ), and also crosses at feast one box twice, that ls, at least one box 

contains tvvo non,.adjacent segrnents of the curve. More specifically, the GtHift'3 

(1700) in the !Uustrated example crosses twice in ·13 boxes out of the 25 boxes. 

10 

15 

Gtid Dimension Curves 

!n some embodirnents of the invention, at least one antenna of the antennas 

inducted jn the handset or handhe!d device may be min1aturlzed by shaping at 

!east a portion of the conducting trace. conductlng wire or contour of a 

conducting sheet of the antenna to include a grid dirnension curve. 

For a given qeometry lying on a planar or c1..nved surface, the grid dimension of 

curve may be calculated as follows. F1rst, a grid wlth substantlal!y Identical cells 

of size L ·1 ls placed over the geometry of the curve, such that the grid 

20 completety covers the geometry, and the number of ceHs N'i that include at 

least a polnt of the geometry are counted. Second, a grid 'Nrth cells of s:lze L2 

(L2 being smaller than Li) ls also placed over the geometry, stxh that the grid 

comptete!y covers the geometry, and the number of cells N2 that include at 

{east a polnt of the geometry are counted again_ The grtd dimension D 

25 

30 

( scimetimes also referred to as 0 9) is then cornputed as: 

D "" ___ k>g(iV2) ,__. log(Nl) 
1og(L2) - log(Ll) 

For the purposes of the antennas included in the handset or handheld device 

described herein, the grid dimension may be f'..alcu!ated by placing the first and 
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second grids inside the minimum rectangular area enclosing the curve of the 

antenna and applying the above algorithm. The minimum rectangular area is an 

area in whlch there ls not an entire rmv or column on the perimeter of the➔ grld 

that does not contaln any piece of the curve, 

The fir~i. grtd rnay, for exarnp!e, be, chosen such that the rectangular art~a ls 

meshed Jn an array of at least 25 substantially equal c.eHs, The second grid 

may~ for exarnplet be chosen such that each eel! of the first grid ls ctiVlded in 4 

equal ceUs. such that the size of the new cel!s is L2 = % Li. and the second 

grid includes at least ·100 ceHs, 

The desired grid dimension for the cwve may be selected to achieve a desired 

arnount of minlaturl7_,_qtion. The grid dimension sboutd be larger than 1 in order 

to achieve sorne antenna size reduction. If a larger degree r)f mlniatunzation is 

desired, then a larger grid dimension may be selected, such as a grid 

dlrnension ranging frorn 1,5 - 3 (e.g., in case of volumetric structures). tn some 

examp!esr a curve having a grid dimension of about 2 may be desired. For the 

purposes of thls patent docurnent, a curve having a grid dimension iarger than 

·1 Is referred to as a grid dimension curve, 

ln general, for a given res:onant frequency of the antenna, the larger the grid 

dimension, the higher the degree of mrnk~turization that wiU be achieved by the 

antenrn.t. One example way of enhancing the rnlniaturizatlon capabilftles of the 

antenna fs to arrange the several segments of the curve of the antenna pattern 

in such a WS'';/ that the curve intersects at least one polnt of at least 50% of the 

cells of the first grid Vimh at least 25 cells enclosing the- cuNe. ln another 

exarnp!e1 a high degree of min1aturization may be achieved by arrnntJing the 

antenna such that the c.urte crosses at !east one of the cells: tl.•vfce \Vithln the 

25-ceH grid, that ls, the curve includes tvvo non-adjacent portions insfde at !east 

one of the cells or cells of the grid. 
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Figure 18 shmA,i'S an example of a t.tilo-dimens!ona! antenna forming a gricl 

dimension curve ·1800 with a grid dimension of approxlmately two. Fig, if) 

shows the antenna of Figure 18 enclosed ln a first grid 1900 havlng thfrty;.·two 

(32) square c<➔lls, each with ,3 length L 1. Figure 20 shows the same antenna 

5 em::losed in a second grid 2000 having one hundred twenty'.~·eight {128) square 

ce!ts, each wlth a length L2. The length (L 1} of each square cell in the t1rst grid 

fa t.vlce the length {l2) of each square ceH in the second grid (L 1 ~ 2 x L2). An 

examination ot Figlm:; 19 and Figure 20 reveals that at !east a portion of the 

antenna is enclosed \:vithin every square cell in both the first and second grids. 

1 O Therefore. the value of N 1 in the above 9rld dimension (D, sometimes also 

referred to as C\i) equatlOn is thirty-t\vo (32) (Le., the total number of cens 1n the 

first grid), and the value of N2 Is one hundred tvventy-elght {128) (Le., the total 

nurnber of ce!!s in the second grld). Using the above equation, the grfd 

dimension of the antenna may be calculated as follows: 

i5 

20 

D$ ,,~ "· log(l28) --~ fog(3?)_ = 2 
1og(2 x Ll)- log(Ll) 

For a more accurate calculation of the grid dlrnension, the number of square 

cens may be increased up to a maxknum amount The maxknum number of 

cef!s rn a grid is dependent upon the resolution of the curve. As the mm1ber of 

cei!s approaches the maximmn, the grld d1mensim1 calculatlon beo.'Jmes more 

accurate. !fa grid having mom than the maximum m~mber of cells ls selected, 

however, then the accuracy of the grid dimension calcufaUon begins to 

decrease. Typically, the maxknurn number of ceHs in a g~id is one thousand 

(1000), 

For exarnple, Fig. 2·1 shows the same antenna as that of Fig. ·18 enclosed in a 

third grid 2100 with five hundred twelve (512) square cells, each having a 

length l3, The length (L3} of the cells in tJm third grid is one half the length (L2) 

30 of the ceHs ln the second grid, shown tn Fig.20. As noted above, a portion of the 

antenna is enclosed \Vithln every square cell in the second grid, thus the value 
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of N for the second grld ts one hundred twenty--eight ('128). An examination of 

Fig. 21, however, wvea!s that the antenna ls enclosed within onty five hundred 

nlne (509} of the flve hundred tvve!ve (512) cells ofthe third grid. Therefore, the 

value of N for the.third grtd is five _hundred nine (509), Using flg-20 and Fig. 21, 

a more accurate value for the grid dl.mension (09) of the antenna rnay be 

calculated as follows: 

D 
--··· log(509)-log(l28) -__ l 

9
.91 _ 

!cl --- • . • •'-' ,. . ) 
• log(2 x L2) ·--1og(L2) 

Multlfevel Structures 

In some examples, at least a portion of the conducting trace, conducUnsJ 1,ivire or 

conducting sheet of at least one antenna of the antennas included in the 

handset or handhe!d device rnay be coupled, either through direct contact or 

e!ectromagnetlc cot:ip!!ng, to a conducttng surface, such as a conducting 

polygonal or rnultneve! surface, .A multilevel structure is foTTTied by gathering 

severaf geometrical elements, such as polygons or polyhedrons of the same 

type (e.g., triangles, parallelepipeds, pentagons,. hexagons, circles or e!lipses ---­

in thfs c·(H1text, circles and ellipses are considered to be polygons with a large 

nurnber of sides-, as 'Nell as tetrahedra!, hexahedra. prisrns, dodecahedra. etc,) 

and coupling electromagnetlcai!y at lt~ast some of such geometrical elements to 

one or more other e!ernents, whether by proximity or by din;:ict contact beivifeen 

elements, The rnajority of the elements forrning part of a mult1!evel structure 

have more than 50°/t) of their perimeter (for polygon and st.trface Hke e!ernents:} 

not in contact \t..,[th any of the other elements of the structure. Thus, the 

elements of a multilevel structure may typlca!ly be ldentified and dfstlngulshed, 

presenting at least two levels of detaH: that of the overall structure and that of 

the polygon or polyhedron elements that form it 
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Additionally, severaf mum!evei structures may be grouped and coupled 

eiectromagnetlcally to each other to fom1 hlgher~level structures. ln a single 

rnultlieve! structure, aH of the component elements are polygons: \Mith the s~me 

number of sides or are polyhedrons with the same number of faces. However, 

5 this characteristic is not present when several multilevel structures of different 

natures are grouped and etectmmagnetlcally coupled to fonn meta-structures 

of a higher level. 

A multilevel antenna includes at least mo leveis of detail in the body of the 

1 0 antenna: that of the overall structure and that of the majority of the elements 

(potygons or polyhedrons) \Vhich make rt up. This may be achieved by ensuring 

that the area of contact or intersection (if it exists) between the majority of the 

elements forrnfng the antenna is only a fraction of the perimeter or surrounding 

area of said polygons or polyhedrons., 

15 

20 

25 

30 

One property of multilevel antennae ls that the rad!oelectric behavior of the 

antenna can be similar in more than one frequency band, Antenna input 

parameters (e.g., impedance and mdiation pattem) remain similar for. several 

frequency bands (Le., the antenna has the same !eve! of adaptation or standfng 

wave relationship in each different band), and often the antenna presents 

a!rnost identical radiation diagrarns at different frequencies. The number of 

frequency bands is proportional to the number of sc-.ales or sizes of the 

po!y·gona! elements or sfrnllar sets fn which they are grouped contained [n the 

geometry of the maln radiating element 

!n addition to their multiband behavior, multilevel structure antennae rnay have 

a smaller than usual size as compared to other antennae of a simpler structure 

(such as those consisting of a s\ng!e polygon or polyhedron). AdditionaHy, the 

edge-r\ch and discontinuity-rich structure of a multilevel antenna may enhance 

the radia~ion process, relatively irn:::rem~1ng the radlatlon resistanoe of the 

antenna and redudng the quality factor Q (Le .. increasing lts bandvv1dth). 
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A mu!titevel antenna structure n1ay be used in many antenna configuratkms, 

such as dipoles, monopoles, patch or microstrip antennae, coplanar antennae, 

reflector antennae, v;ound antennae,. antenna arrays, or other antenna 

configurations, in addition, mult!level antenna structures may be formed using 

many manufacturing techniques, such as printing on a dielectric substrate by 

photolithography (printed circuit technique); dieing on metal pfate, repulsion on 

dielectric, or others. 

Sumnmry of the Invention 

The invention relates to a device and method as defined in the independent 

clafms. Some embodiments of the lnventlon are defined in respective 

dependent clalrns, 

The present invention relates inter a!la to a handset or handhe!d device (such 

as for fnstanrn?; a rnobHe phone, a smartphone, a PDA, a iv1P3 player, a 

headset, a USB dongle, a laptop, a PCMC!A or Cardbus 32 card), which 

comprises a first antenna 'for mobile communrcc1tions (hereinafter also referred 

to as the mobtle antenna), and a SEK',end antenna for at !east a mobile 

communication seivlce or a wireless connectivity service (hereinafter a.lso 

referred to as the wireless connectfv!ty antenna), wherein the sald second 

antenna is a slot antenna. The srot antenna can require a very sma!! area on 

the PCl3. 

Slot antennas have conventionaHy not been considered appropriate tbr wireless 

handhe!d devices. Norma!!y, conventional tnonopo!e antennas, patch 

antennas, irwerted--F antennas (tFAs) and planar inverted-F antennas {PfFAs} 

have been considered more appropriate, maybe due to issues such as 

radiation effldency and/or traditton, 
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However, it has been found that the use of a slot antenna as the wireless 

connectivity antenna for a handset or handhe!d devlce according to the present 

invention can be advantageous because: 

~ it has a !ow profile and uses \tery !itue space of the PCB; 

• it is less sensmve to the slze, shape or form factor of the PCB on which it 

ls printed, etched,. or mounted as an SMT component (see below). This 

can be particularly interesting for flip-type and slider-type handsets ,n 
which the antenna needs to stay wfthln functional spedfications for the 

PCB configuration of the handset in both the open and closed posmons; 

and/or 

~· it can be polarized along a direction that ls substantlaHy orthogonal to 

the po!arizatkm of the mobile antenna. 

Actua!!y, using a second antenna ln the form of a slot antenna can be µreferred 

h1ter affa in order to increase the isolation betvveen the antennas. One reason 

for this ls that in order to increase isa!at!on, it can be advantageous to establish 

the at !east tvvo antennas so that the polarization of the radiation of one of the 

antennas is substantially orthogonal to the po!arfzation of the radiation of 

another of said antennas, 

At a fist look, it could seem that thls could also be easily accomplished by 

using, for example, tv,,,o monopole antennas, directed in appropriate cHmc1:ions 

so as to establish an orthogonal relationship bet\veen tile polarization of their 

radiations. How·ever, a problem invo!ved wm1 hand-held devices is that the 

radiation of an antenna lS substantially condttkmed by the ground-plane, that is, 

normally. by at least one conductive !ayer of the PCB, !n practice, norrna!ly both 

antennas are placed on the same ground-plane, therefore obtaining 

substantially orthogona.lty polarized radiation using t\vo antennas of the same 

type c.,S:n be a difficult task. due to the influence of the common groundplane_ 

Contrarily, when one of the antennas is a slot antenna, the radiation from sald 
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antenna wm depend substantially less on the ground-plane. thus facmtating 

obtaining the above-mentioned orthogonally pol.arlz:,ed radiation. 

[n the present document, tbe expression "mobile antenna" and similar am used 

to refer to an :antenna aiTanged to operate in a band corresponding to a mobile 

communication service, such as one of the mobite communication services 

mentioned above (GSiv1 -GSM850, GSr\'1900~ GSMi800, American GSM or 

PCS1900, GSl\..1450-, UMTS, WCDMA, and CDMA). !n some embodiments of 

the invention, the expressk.rn <imobile antenrii2t refers to an antenna am.u1t1ed 

for or capable of fully functioning or operating ln one, tvvo. three or more 

communlca.tton standards, and ln particular mobile or cellular communication 

standards, each standard allocated in one or rnore frequency bands. ln some 

embodiments of the invention, each of said frequency bands is fully contained 

within one of the fo!!ovv1ng regions of the e!ectrornagnet!c spectrum: 

the 810MHz .... 9601'v1Hz region, 

the 1710MHz .... ·1990MHz region, 

and the 1900MHz- ;1·170MHz region. 

The expressbn ''wlre!ess cormecti\.~ty antenna" as used fn this document is 

defined further above. !n some embodirnents of the invention, the Eixpresslon 

"wireless connectMty antenna" refers to an antenna arranged for or capabie ot 

hilly functioning or operating in 011e, two, three or more cornmunlcatlon 

standards, and in particular wireless conneclivtty standards, eae-ri standard 

aHocated in one or more f-requency bands. in some embodiments of the 

invention, each of said frequency bands is contained within one of the foHow1n9 

regions of the electromagnetic spectrurn, indicated as: exarnples and vv!tbout 

lim1tatlon: 

~· Industrial, Scientific, Medical (!Sfv1) unlicensed bands, like for example 

the 915MHz !SM band (902-9-28 iv1Hz}. 2.4GHz !SM band (2400-2500 f<.,,1Hz), 

or 5.7GHz !Siv1 band (5650--5925 MHz). 
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,, UnHcensed general te!ernetry bands, like for example the 4a3,05-

434.79MHz band, or the 868-870MHz band. 

According to the present invention, good isofation between antennas can be 

obtained by appropriately chooslng the orientation on the PGB, and by 

selecting the antenna type (Le,, whether a glven antenna substanUally 

behaves as an electric current source, or as a rna~Jnetic current source) for 

each one of the antennas cornprtse.d in the handset or handhe!d devfce, !n 

the present invention, s!ot antennas can be considered to substantially 

behave as magnetic current sources; when fed across the slot, an electric 

field rs established over the s!ot (and e!ectrk currents are f!owlng along U1e 

edges of the slot}, and an equtva!ent magnetic field ls established 

substantially parallel with the extension or orientation of the s!ot or slots. 

In some cases, vvhereln the first antenna substantially behaves as an e!ectrlc 

current source (such as for instance,. but not !lrnited to, a monopole antenna) 

and the second antenna substantially bei1aves as a rnagnetic current source 

(for instance,, but not Hmited to. a slot antenna}, good isolation bet\¥een said 

first antenna and sald second antenna can be obtained when the electric 

currents exdted on at least a portion of the PCB (in this context, when 

referring to the PCB. reference is actuaHy rnade to a condut)itve !ayer of the 

PCB, nonnally constituting a ground-plane of the handhe!d device) by the 

radiating mode o-f said first antenna are substantla!!y parallel to the equivalent 

magnetlc currents excited on at !east a portion of the extension of said 

second antenna~ 

tn other cases. wherein the first and second antenna both behave as 

magnetic current sources, good isolation between said first antenna and 

second antenna is achieved when the magnetic currents excited on at least a 

portion of the extension of the first antenna am substantia!!y orthogonal ta the 
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magnetic currents excited on at least a poii1011 of the extension of the second 

antenna. 

In order to Improve isolation, the antennas can be pfa(A~d separated as much 

as possible wlthln the handset fn order to improve isolationt the antennas 

can be oriented with respect to each other so as to minknlze coupHng 

betvveen the antennas. For example, the slot antenna can be ptaced on the 

PCB so that it ls arranged substantially parallel to the currents induced in the 

PCB (in the ground-p!ane or conductive layer of the PCB) by the first 

antenna. This can imply, for exarnple, arranging the slot (or slots) of the 

second antenna to be substantially or generally parallel to one of the sides of 

the ground--plane, for example, the longer sides of a substantially rectangular 

ground--plane. 

In this document, an antenna or the slot of a slot antenna is considered to 

extend (to be oriented) in the direction corresponding to the genera! 

longitudinal axis of symmetry of the smallest recian.gte ln which the radiating 

elernent of the antenna can be inscribed. Also, in this document, tvvo 

directtons am considered to be substantially para He! lf they form an angle or 

less than or equal to approx.lmate!y 30 degrees, Two directions are 

considered to be substantfally orthogonal if they· form an angle of not less 

than approximately 60 degrees and not more than approximately i20 

degrees. 

25 It can be advantageous to havH the slot arranged so that at least two, three, 

,four or rnore portions of the slot am paraHel to each other. This may apply to 

straight and to non-straight segrnents. VVith this parallel arrnngernent, very 

cornpact antennas can be schleved 1 occupying less space, 

30 The slot antenna {~&JTt be implemented as a slot printed on or etched ln thE1 

ground plane of the PCB, while in other cases the slot \Nili be contained in a 

EX1002 - Page 38



i9 

surface mount technology (SMT) type cornponen~ mounted on the PCB of the 

handset or handhe!d device. \!Vhen the slot is contained in a SMT type 

component, said component wm cornprise a conducting surface on which the 

slot is created. The SMT type component wm provide at least one contact 

5 tem1inai accessible from the exterior of said S~AT c-.omponent to electricaHy 

connect said conducting surface with the ground plane of the PCB. !n somH 

embodiments. this contact terminal can take the form of a pad, or a pin, or a 

solder balL a v:m be advantageous in some cases to define, on the PCB, a 

region of clearance of ground plane on the orthogonal projection of the 

cmnponent on the PCB on which \t ls mounted. In other cases, there wm be 

ground plane on a portion of the orthogonal pm}ectlon of the SMT component 

on the PCB, but not under the orthogonal projection of the slot on said PCB. 

Yet in other embodiments. there wm be ground plane also in a portion of the 

15 orthogonal projection of said slot on the PCB. !n some examples, the fraction of 

the projection of the slot occupfed by ground plane wm be less than, or 

approximately equal to, 50%, 40%, 30%, 25%, 20%, 10% or 5% d the 

projection of tbe slot on the PCB. 

20 A slot antenna integrated in an SMT component can be useful for minimizing 

the ground plane deamnce region needed on the PCR Embedding a slat 

antenna tn a discrete SI\,ff component can be difficult due to the necessity t,J 

ensure good grounding of the conducting sheet ln whlch the s1ot has been 

created, and to the complexity to couple the feeding signal into the SMT 

Z5 component 

30 

Some SMT component comprising slot antennas that can be used for the 

oresent invention are disclosed in PCT/EP06/0622.85, the content of which is 
' 
lncorporaterl herein, by reference. 
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Accmdlngly~ S~.;ff-type slot-antenna cornponent useful in the pmsent invention 

can comprise: 

lll at !e.ast one conductive sJ.irface (different from the conductive surface of 

the ground plane of the PCB) or a sheet of metal in \.vhfch the pattern of 

a s!ot is created; and 

~ at least one contact terminal (also referred to as grounding tem1lnaO 

accessible from the exterior of said component to electrically connect 

the c-..onductive surface included in the slot-antenna component with the 

ground plane of the PCB. 

With this component lt ls posslb!e to provide a slot antenna as a separate 

component which can be connected from the outside, The antenna may further 

comprise: 

88 at !east one contact tenninal {hereinafter referred to as feeding teITT1inat) 

to couple an electrical s!gna! frorn Um outside of the S~,1T-type sfot­

antenna component vAth the slot defined in said at !east one conductive 

surface, 

It wm in prtncip!e also be poss!b!e to couple a feeding sfgnal lnto the component 

indirectly by a capacitive or inductive coupling. For a good reeding, however. a. 

direct electrical connection can be preferred, Thts can be achieved by the 

feeding terminal. !n, any c;ase, the component does not need to have any 

internal means for generating an RF signal wHh which the antenna rnay be fed. 

Further, lt can be preferred Uiat the component further comprises a 

" dielectric substrate that backs said at least one conductive surface or 

sheet of rneta!, or 1n which said at least one conducting surface or sheet 

of met,:'ll is embedded. 
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The dielectric substrate aHows for the backlng of thln meta! !ayers and is a 

widely used technique for the preparation bf components for, the e!ectronlcs 

industry. 

The terms sheet of metal and conductive surface are used as .synonyms in the 

present document ":md relate to a conductive !ayer that can be supported by a 

drcuit board or a plece of metal (for example, a rlgld pieo:;:) such as e,g, a 

stamped metal pfece. 

Addition.a! pads may be provided which are not e!ectrlca!!y connected inslde the 

component or to the 9round plane or a feedfng element of the circuit board. 

Those pads may be useful fore mechf-:inlca!!y holding the antenna component 

by the solder connection at that pad behveen the c-.omponent and the clrcuit 

board. 

fn some embodiments according to tbe present invention, the SMT component 

can also include one or severa.! electronic elements or circuits, or the SMT 

compc:ment can take the torn, of an IC packa9e. When the slot-antenna 

component takes the fom1 of an lC pac.~age, then the slot contained ln said IC 

package c--:m preferably be excited wlth an RF feeding signal coupled from 

outside of said IC package, and not directly from a serniconductor die 

comprised inside sald re packa-ge, 

!n certain of these embodiments, the electron le elements or circuits included in 

the SMT component or IC package 1..vm preferably be placed \Nithin the SMT 

component or !G package in such a 1Nay that they do not 1ntetfere with the 

projection of the slot contained in the SMT component 

In sorne other t;:mbodlments. a slot-antenna component may comprise rnore 

than one, two or three conductive surfaces: ln which a slot or a portion of a slot 
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ls created. By this technlque it v.•rn be possible to ''fold" the stat in the vertical 

direction, away from the PCB. Therefore, the footprint area on the PCB 

requlred for such an antenna can be slgnificant!y reduced ln comparison to 

antenm)s where the s!ot iS ''folded" in a plane parallel to the PCB surface plane .. 

Most conveniently, tvvo conducfing surfaces can be provided on the ti.No 

opposite !arge sides of a clrcult substrate. lf a multilayer circun: substrate is 

used, further surfac.es can be provided ln order to form the slot antt:.:nna f n the 

component 

The different surfaces mav be connected or mav remain unconnected. The .... ~ ... 

connection may be done by a via hote or by a connection around the edge. of a 

circuit substrate. 

tn order to protect a conductlng layer, it will be advantageous to cover that layer 

with a protect1ve !ayer, to prevent corrosion, Further. such a protective !ayer 

can be used to define terminals on the conduct1n9 !ayer which are then 

available for, e,g,, a solder conneci:ion. 

·rhe antenna chamcteris:tics can further be chosen by using open-ended or 

closed-ended slot geometries. Any end of the antenna rnay be open or dosed. 

ln some embodiments ft is advantageous to place grounding terminals to 

connect the conductive surface with the ground-plane of the PCB dose to at 

!east two opposite edges of the slot-antenna component, preferably those tvvo 

opposite edges tha.t are the farthest apart from each other, so that the electric 

curres11ts induced by the operation of the s!ot antenna on the conductive surface 

can flow through grounding terminals into the ground-plane of the PCB as if the 

conductive surface and the s1rmmd-plane of the PCB wen'} one single 

conductive surfa~:¼. 
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!n certain cases It might be interesting to place a· grounding termlnai 

substantlaHy dose to at least t\No comers of said at least tvvo opposite edges of 

the component, preferably the four comers of safd t.ivo apposite edges of said 

.component 

Further it can be preferred to extend one or rnore ground tem1ina!s atong a 

major part of the length of an edge of the cornponent or of the conductive 

surface. For example, the ground terminal m<;w extend along at least 40%i, 

50%, 60%i, 70%, 80%, 90% or 96% of the length of an edge. Thereby a good 

connection of the conductive surface to the ground plane of the PCB can be 

achieved, This is in particular the case when~ tvvo groundlng termlnals extend 

along opposite edges st.ich as the short and/or the long edges, One gmund 

terminal may also be bent such that it is L- ,U- or O-shaped and fs preferably 

provided along one, two, three or four neighboring edges. 

Furthermore, in sorne embodirnents it can be t'idvantagc~ous to place g.roundlng 

terrnlnals at two sides of a feeding terrntna! and SllbstantJaUy dose to said 

feedin{J tern1rnal. This arrangement can be used to effectively excite t~e slot 

Further in some r.-ases it can be advantageous to provide the feeding tem1lnab 

on t.ivo sides of the S!ot. Then lt fs posslb!e to combine the s!ot with another slot 

by connecting the respective bNo edges of the t>No slots, there.by form\nfJ a 

!argerstot 

In some ernbodiments the feeding means (}f the slot-antenna component 

comprise a feeding contact and a conduci:fve strip, Sald corn:ilJctive strip tx'Jn be 

advantaQeously prlnted or etched on the same conductive surface as the slot, 

thus making the feeding means c-op!anar with the slot The conductive strip 

connects the faedlrig teirminal with the edge of slot that is farther away from the 

con.tact terrninaL 
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A clearance region can be provfded at least on one, t-No, or three sides of the 

feedrnq terminaL Thts ls in partlcutar useful if the terminal is only used for 
~ . 

feeding purposes, lf the feeding terminal is also used for grounding purposes 

such clearanc~J might not be present 

Also for the conductive strlp a cleara.rice may be provided. This deamnce may 

not be necessary if the conductive strip is prov:ided on a different level than the 

conductive surface v.#h the slot !-f the conductive strip ls provided on a different 

levei it may be connected to the conductive surface of the slot by a via hole or 

capacitive or inductive coup!Ing. ln the same v,,.tay, the r.oupHng bett✓een the 

feeding ten11lnal and the conductive strip may be made by capacUive, inductive 

or direct electrical contact coupling. 

In order to form pads on the PCB for receiving the terrnlnals of the antenna 

component vvithout however unnecessarHy reduclng the groi.md plane 

clearance. it ls advantageous to provided pmtnJs\ons of the ground plam"!3 ·...vhich 

extend Into clearance. 

Further, the size of the an::a of the clearance rnay' be smaller than the size of 

the antenna component. 

!n certain ernbod1ments, tne slot-antenna component ls e!ectlically coupled, by 

means of feeding terrnln~ls, with a slot created on the ground-plane of the PCB 

of the wireless device. ln other words, a slot antenna ls formed by combining 

the slot pattern piinted or etched in the ground plane of the PCB, with the slot 

pattern Included in the SMT component Having a portlon of the slot antenna 

printed or etched in the ground plane of the PCB can be advantageous, 

part.1cu!arly because this: 

as- allows the fine tuning of the antenna to account for changes in the 

dimensions and/or fom1 fact.or of the ground plane of the PCB to 
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which the slot~antenna component is connected, or the effects of 

dlelectric {e . .g., plastic) casings or enclosures, by sirnply acting on the 

portion of the slot antenna printed on the ground plane of the PCR 

~ provides the PCB designer wlth more f!exibHlty when laying out the 

dffferent electronic components on the PCB, as the shape of the 

portion of slot antenna created in the groµnd plane c..an be selected, 

for example, to meet space constraints, or to minimize the distance 

ofthe antenna to the RF cfrcult 

Since this ls achievl~d by ac;.1:ing only on the portion of the slot printed or etched 

on the ground plane of a PCB, while leaving the geometry of the s!ot contained 

in a conductive surface of an SMT component unchanged, such embodiments 

are effective ln providing a standard component that can be used in a great 

variety of application environments .. 

!n order to arranfJe the antenna such that as much space as possible is left 

over for other components, it can be advantageous to onent an edge., 

especially a long edge, of the SMT-type sfot antenna component substantially 

parallel to the short or long edge of tile clrcuit board. 

The antenna component should not be to far away from the edge of the PCR 
. • . V 

This tacmtates providing a clearance and assures good mdiatkm 

characteristics. 

fn some embodiments, the antenna component ts preferably located on or 

close to the middle of an edge and in partlcu!ar on or dose to the rniddle of a 

Iong edge of tne circuit board or the ground plane. A symmetric location vvith 

respect to the ground plane can provide a more predictable pol.arizat!on 

characteristic since currents induced in the gmund plane are not redirected in 

an asymmetric way by the shape of the ground plane. Thls may apply even lf 
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the antenna itself is not symrneuic but the location of the antenna on the 

ground plane is symmetric or almost symmetric, 

The sfot of the cornponent may be excited by balanced- or unbalanced feeding. 

This can be done with the help of a coplanar or coaxial transrnission line or a 

rnicmstrlp transrnisslon Hne. 

By comblnrng the s!ot of a ground plane and the slot of a slot-antenna 

component it is possible to obtain combined slots which are open at none~ one, 

ortwoends. 

!f such a combined slot is provided, this combined s!ot may be excited by 

exciting the slot portton of the antenna component or the slot portion of the 

ground plane. The latter rnay be preferred since \Atith this technique tt is 

possible to connect an RF~generator directly with the gro~md plane of the cirnult 

board on vvhfch the RF-generator itself is arranged, 

Another aspect of the invention relates to a technique to further knprove the 

iso!at!on bel\-veen a mobfle antenna and a wireless connectlvlty antenna in a 

handset or handhe!d device, for example, by acting on the geometry of the 

mobHe antenna to e!irninatt3 any resonance modes that might fol! within any of 

the operating bands of the \vireless connectivity antl;¼nna, in Hne 1.uHh what is 

da!med and described below. !n the present text. "operating band" especially 

implies a band in which the antenna features sknHar vatues for a number of 

param.eters representative of the antenna. perforrnance. 

List of figures 

Further characteristics and advantages of the invention win becom(-J apparent in 
view of the detaih3d description \Vhich foHows of some preferred t~mbodirnents 

of the invention given for purposes of mustrat1on only and ln no way meant as a 
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definition of the limits of the Invention, made V'lith reference to the 

accompanying drawings, in which: 

Fig. 1 - Example of a prior art slider-type handset carrying an antenna for 

mobile communications (101) and comprising a top PCB (100} (the dimenstons 

of which could be, for example. 78mm x 40mm) and a bottom PCB (102) (for 

example. vlith the dimensions 70mm x 35mm): {a} Genera! view of the PCBs of 

the handset ln the dosed positron; and (b) general view of the PCBs of the 

handset in the open posmon, 

Fig. 2 - Top view of an example of a prior art handset comprising a first 

antenna for mobile communications placed on the top portion of the PCB of the 

handset and a second antenna for wireless connectivity services placed on the 

bottom rlght comer of the PCB, 

Flg. 3 - Typical e!ecmca! pertorrnarice of the antennas of the handset shown In 

Fig, 2: {a) Return loss of each antenna and isolation between antennas when 

the handset fs in closed position; and {b} return loss of each antenna and 

isolation behveen antennas when the handset is ln open position. 

flg. 4 ---- Top view of a handset according to an embodiment of the present 

invention, induding a first antenna for mobile comrmmk:-.atlons placed on the top 

portion of the PCB of the handset and a second antenna for wireless 

connedMty services placed on the bottom right corner of the PCB, whemln the 

second antenna is a slat antenna: (a} General vie\v of the PCB of the handset 

carrying the two antennas; and (b) detailed viev.t of the region that contains the 

slot antenna. 

Fig. 5 - Typical electrical perforrnance of the antennas of the handset shown in 

Fig, 4: (a) Retun1 loss of each antenna and isolat1on bet\veen antennas when 

the handset is in dosed posltion; and (b) return fess of each antenna and 

isolation bt;?;tween ~ntermas when the handset is in open position. 
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fig. 6 - Typical radiation and antenna efficiency of the slot antenna for wireless 

connectivity integn1ted in the handset of Fig. 4. 

Fig. 7 -Top view of sorne lrnplementatlons of the handset cornprislng a mcbHe 

antenna 701 and a slot antenna (black Hne) 702 on the PCB (700} for wireless 

connectivity seivices. 

Fig. 8 -" Typical electrical performance of the antennas of the handset shown in 

Fig. 7b: (a} Return loss of eBch antenna and isofatfon betveen antennas when 

the handset !s in closed position; and {b} retum ross ot each ~1ntenna and 

isolation between antennas when the handset Is in open position. 

fig. 9 - {a} Detailed vievv of an example of a handset comprislng a first 

antenna for mobile communications and a second anterma for \:vire!ess 

connectivlty sen1ices. The geometry of the antenna for mobile communications 

can be tailored according to the teachings of the present trwention to enhance 

tfle isolation wlth the antenna for wireless connectivity services by (b} modifying 

the dfrnensions of an arm of the rnobile antenna; or {c) folding an arm of the 

mobile antenna. 

Fig, 10 - Comparlson of typical levels of isolation between the mobUe antenna 

and the wlrc~less cormectrvity antenna that can be obtained before and, after 

rnodlfying the mobill~ anterma as depicted in Fig, 9b, 

Fig, 11 --- Detailed view of an antenna for mobile communications whose 

geometry has been modified according to the teachings of the present 

invention to enhance the isolation w!th the antenna for wln'-3cless connectlvlty 

services by increasing the length of a slot defined in the structure of the mobile 

antenna by means of: {a) shaping the slot as a meander-like curve; or (b) 

adding a conductive strip inside the aperture of the slot 
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Fig. 12 --- Comparison of typk:..al levels of isobtkm between the mobile antenna 

and the wireless connectivity antenna that can be obtained before and after 

modifying the mobile antenna as depicted in Fig. 11 b, 

Fig. 13 - DetaHt3d view of the top portion of the PCB of a handset sho\Nlng 

different embodiments according to the present hventlon to enhance the 

isolation betl:veen an antenna for mobile communications and an antenna for 

vtireless connectivity services by; (a} introducing a slot on the PCB; or (b) 

placing a conductive stripe above the PCB that is shorted on one end to the 

PCB. 

flg. '14 - Comparison of typical !eve!s of isolation bel:vl!Elen the mobile antenna 

and the wireless connectivity antenna that can be obtained before and after 

rnodifying th~ PCB of the handset as depleted ln Fig. 13b. 

Hg. ·1 s --· Embodiment of a handset according to the present !nvent!on 

including a mobile antenna, a wireless connectivity antenna, and parasitic 

element to enhance the isolation betv;een antennas: (a} General view of the 

PCB of the handset; and {b) detailed view of the top portion of the PCB of the 

handset showing the shape of the parasitic element (For the sake of darity, ln 

Flg, 15b the parasitic element appears to be above the mobile antenna, 

a!thoUfJh In reanty it is placed be!ow the rnobile antenna but above the pfarn.~, of 

the PCB of the handset, that is, bet\veen the mobHe antenna and the PCB of 

the handset) 

Fig. Hi - C~mparison of typical levels of 1so!atlon between the mobile antenna 

and the wireless connect!vlty- antenna that can be obtalned before and after 

introducing a parasitic element, Hk.e the one s110,Nn in Fig. 15, in the handset 

Pig. 17 - Example of a box counting cuNe located in a first grid of 5x5 boxes 

and In a second grid of 1Ox-10 boxes, 
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Fig. 18 - Exarnp!e of a grid dlrnension curve. 

Fig. 19- Example of a grid dlmension cur,1e located tn a fast grid. 

Fig. 20 - Example of a grid dimension curve located fn a second grid. 

Fig. 21 - Example of a grid dimension cuNe rocated fn a thkd grid.. 

Fig. 22 - Example of a slot antenna component 

f[g. 23 •··· Different examples of possible locations of a slot antenna comporient 

on the circuit board. 

Description of the preferred embodiments 

!n some preferred embodiments of U1e handset or handhe!d device of the 

present invention, said handset or handhe!d device comprises a first antenna 

used for at least one mobile cornmunicatlon servtce, and a second antenna 

used for at !east one wireless connectivity service. v.1herein the second antenna 

ZO is a s!ot antenna {cf, for example Figure 4). !n the example of Figure 4, and 

without being a limitation of the invention, the slot (402) has been created in 

the ground plane of the PCB (400) (namely, in a conductive meta! !ayer cf the 

PCB) on \ts right hand side and near the bottom (considering a groundp!ance 

arranged in the vertical plane and with the rnobi!e antenna 401 at its top end, 

25 as i!!ustrated ln Figure 4 ), The shape of the slot (402), and the length and 

widths of each one of the segments that form the sald s!ot (402\ can be 

selected to meet the requirernents of resonance frequency; electrical 

perfom1ance. and maximum PCB area constraint, of a givery handset or 

handhe!d device,. 

30 
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ln the example of Figure 4, the slot {402) intersects the perimeter of the 

ground plane of the PCB (400) at one point (406}. ln other \Nerds, the stot 

(402) is not completely st.ffrotmdt"';d by conducting materials. Jn sorne 

preferred cases, the unfolded length of the slot (402) \VJ!! be approximately a 

5 quarter of an operating wavelength of the slot antenna. ln some other cas.es, 

the u nfo!ded length of the slot ( 402) wm be approximately three times, or 

approximately five times, or appmxirnate!y another odd integer number of 

times, the length of one quarter of an operating wavetengtti of the slot 

antenna. 

iO 

lo other embodiments, the slot might intersect the perimeter of the ground 

plane of the PCB on which is placed at !east at one point, such as for 

example at two points, !n yet some other embodirnents, the slot might not 

rntersect the perimeter of the ground plane of the PCB on which is placed. 

That is, the slot is in these cases completely surrounded by conducting 

material (ln the layer or layers containing the slot), ln some embodiments, it 

might be advantageous that the unfolded length of the s!ot be appmximate[y 

t\F>Jlce, or approximately four times, or approximately another even integer 

nurnber of times, the lenlJth of one quarter of an operattng wavelength of the 

20 slot antenna, 

!n order to minlm!ze the coupling behrveen ihe first antenna (40i} and the 

second antenna (402.) (Le., to maximize the 1solation}, the design of the slot 

(402) and its orientation with respect to the PCB (400) is selected such that 

25 the slot (402) is substantially parallel to the direction of the currents excited 

on the PCB {400) by a resonating mode of the first antenna {401 }, at least on 

a portion of the PCB (400)_ ln sorne cases, it is advantageous to· design the 

slot (402) such that lt Is substantia!!y parallel to the longer side of the 

conductive layer or gmund-p!ane of the PCB (400), because the currents 

30 exclted on said PCB (400) by the resonating rrKxle of the first antenna (401) 

tend to be substantialiy parallel to said longer s!de of the P_CB (400)- In th~ 
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context of this application, 1'No directions are considered to be substantially 

parafle! ff they funn an angle of fess than, or equal to, approxfmatel::l 30 

degrees. A!so in the context of this application, the directlon of a slot is defined 

by the direction of the longest side of the minimum rectangular area in which 

5 said s!ot is or can be inscribed. 

!n some other cases, the first antenna may include a slot that radiates at a 

particular resonance frequency, so that said first antenna behaves substanfislty 

as a magnetic current somce for that resonance frequency. ln these 

1 o embodiments it wm be advantageous to align the said slot of the first antenna 

along a first direction and the ·slot of the second antenna along a second 

direction, sald first direction being substantlaHy orthogonal to said second 

dlmction_ ln the context of thls applicatfon, l\,vo directions are considered to be 

substantia!!y orthogonal if they fom1 an angle in the range frorn approximately 

15 60 degrees to approxlmatety 120 degrees, 

The shape of the slot (402) can cornprlse straight and cuNed segments, not 

necessarily all segments belng of t~e s?me length (see e:l{amples ln Figure 7). 

In the same 'vvay, the separation betiveen the conductive edges of each 

20 segment of the slot (402.) does not haw:i to be the same for ail segments, nor 

constant for any g1ven segment (Le., any segment of the slot (402) can be 

tapered). 

In some examples, the slot (402.} might have one. u-vo, three, or more bends. 

25 In general, as the number of bends in the slot (402) Increases. the shape of 

the slot (402) becomes more and more convoluted, k~ad1ng to a higher 

degree of miniaturization of the resultlng slot antenna, 

In some cases, the slot antenna can advantageously be excited by applying 

30 a vo!taqe dlffer:ence betv1.een the opposite conductlve edges of the slot (402) 

at a particular point {408) a[ong the geomr:itry of the slot (hereinafter referred 
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to as the fee-ding point). ln some embodiments, the feeding point (408) wm be 

ctoser to the closed end of the s!ot {407) than to the open end of the slot 

(406). In certain examples, the distance betvveen the feeding point (408) and 

the dosed end of the slot (407) will be less than, or equal to, 0.2°/o, 0.4%, 

4% or 8% of a free-space operating 

wavelength of the slot antenna, 

tn some examples, lt wm be advantageous to have the sJot antenna (402) 

inscribed in a rectangular area {403) of width (405) smaller than i/50 of the 

-1 O free-space operating wavelength of the slot antenna {402), and length (404) 

smaller than ·u4 of the free-space operating wavelength. Being rnore general, 

in some embodiments the said width (405) divided by the free-space operating 

vvavelength of the s!ot antenna will bt3 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, !n the same way, 

·15 for some e.mbodiments, said length (404} divided by the free-space operating 

wavelength of the slot antenna can be smaller than, or equal to, at !east one of 

the following fractions: 1/2, ·1/3, or il4, ln some other instances, lt wm be 

advantageous that the sum of the length (404) ~nd the width (405) of the 

rectangular area (403) in which the s!ot is inscribed be smalter than 1/2 of the 

20 free-space operating wavelength, or even smaller than 1 /4 of the free-space 

operating wavelength·_ Furthermore, it wm be advantageous in some cases that 

the separation betvveen the tvm edges of the slot (402) be vtithln a range from 

approxlrnately OJ)8% of the free-space operating wavelength to approximately 

W-%, of a longest free-space ope.rating wavelength, induding any subinterval of 

25 said range. 

30 

Figure 5 presents, \Vithout any limiting purpose, an exarnp!e of electrical results 

for the handset of Figure 4 accordlng to the present invention. Figure 5a 

pres:Emts typlca! values of the Input parameters of the antennas (Le., return 

!asses of each antenna, and isolation bet\veen antennas) when the sHder-type 

phone is ln the closed position, while Hgure 5b presents the typical results of 
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the antennas when the phone is in the open position. ln this example, the flrst 

antenrm (401} was designed to have a multlband behavior, with a first 

resonance around 900MHz to provide coverage for the GSM900 service, and a 

second resonance around 1900MHz to provide service under the GSM1800 

and GSfvl1900 standards. On the other hand the second antenna was 

designed to be tuned tn the 2500MHz. band. The lso!ation between the fast 

antenn,i;l (40·1) and the sec.."Ond antenna (402) exceeds 30dB In the 900MHz 

band. is better than 23dB in the 1900MHz band, and better than 2'1dB in tJ1e 

2500MHz band. The level of isolation att~1ined between the antennas of the . 

example shown in Figure 4 is better than the results obtained for the example 

of a (',{)nventlonai prlor-art arrangement ln Flgure 2. A typical radiation 

performance of the slot antenna (402) Is shown without any Hmiting purpose in 

Figure 6. The slot antenna (402) has a tevel of radiation efficiency in excess of 

60% in its band of operation both in the open and dosed positions of the 

handset 

Figure 7 presents, without any !lmfl:ing purpose, some embodiments for the 

present inventbn of a handset or handheld device cDmpris[ng a slot antenna. 

Generally, it 1-,vm be preferable to keep the separation betv.,1een the mobile 

antenna (701) and the wireless connectivity antenna (702) as large as possible 

in order to maximize the isolation behveen the antennas. For exarnple, 1sotatfon 

between thl3 antennas on the PCB for the case of Figure 7c ls expected to be 

better than for the case of Figure 7a, as the separation betvveen the antennas is 

larger. However, in certain embodiments it may not be possible to place the 

mobile antenna (701) and the wireless connectivity antenna (702) further apart. 

!n these cases it will be. especially necessary or convenient to use additional 

techniques to n;rther improve the isolation between the mob!!e antenna and the 

wireless connectivity antenna by acting either on the geometry of ttle mobile 

antenna, or on the PC!? of the handset or the handhe!d device, or on both. 
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The electrical performance of the antennas fn the ernbodlment of Figure 7b is 

presented without any Hmit!ng purpose in F1g1-1re 8. As it can be observed, the 

return toss of each antenna is practically the sarne as the one already 

presented in Figure 5. However, there is a degradation in the isolation bet1veen 

the mobile antenna (701) and the wireless connectivity antenna {702), 

pn:➔domlnantty around 2400MHz, linked to the smaHer separation behveen the 

antennas. 

Another aspect of the inventlon relates to techniques to enhance the isolation 

between the mobile antenna and the wire!ess connectivity antennt't Some of 

these techniques comprise the steps of shaping the geometry of the rnoblie 

antenna t~ eliminate hlgher order resonant modes or spurious rnodes that rnay 

fuH within an operatin9 band of the wirefess connectivity antenna {or vlce­

versa}. givlng rise to strong coupHng of the mobile antenna with the wireless 

connectivity antenna. 

ln some embodiments, the mobile antenna can comprise features (such as, for 

instance, a slot, or a strip of metal) with an electrical length close to 

approxrmately an integer mllltiple of a quarter of an operating wavelength of the 

'INire!ess connectivity antenna. For example, in the embt.xHment of Figun') 9a, 

the mobile antenna (80't) r.omprlses a slot {903} that has a length of 

approximately a quarter uf ihe vvavelength at 2600MHz, corresponding to an 

operating band of U1e wlmless connectivity antenna. For the purposes of this 

exarnple and the follo\Nlng ones, a wireless connectivity antenna. (902) (for 

example, ernbodied ln a slot antenna component) has been placed near the top 

left comer of the PCB (900) underneath the mobile antenna (90-I). ,l:\s 

commented previously, this ls not a particulafly advantageous position for the 

wke!ess connectivity antenna (902). as the !\tile distance with respect to the 

mobl!e antenna (901) can irnp!y poor fsolation. As it can be seen In Figure '10, a 

i:'/plcal level of isolation between antennas at 2600MHz ls approxlmate!y 8dB. 

However, this antenna arrangement wm help to illustrate the lrnprovernent in 
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fso!ation between antennas that can be achieved by foHowing the teachings 

dlscrosed fn thl.s patent appHcatkm. 

in order to increase the !so!ation between antennas, the length of the slot (903) 

s can be shortoned to force the associated resonance frequency to rnove 

towards higher frequencies, away from the wireless connectlvity band, !n the 

embodiment must.rated ln Figure 9b, the conducting arm of the mobile antenna 

(934) has been shortened by some amount \<\4th respect to the original arm 

(904). so that the resulting slot (933) is shorter or substanfia!!y shorter than a 

quarter of the relevant resonant wavelength of the wireless connectivity 

antenna and therefore resonates at a higher frequency, 

The resonance frequencies of the moblfe antenna (931) might shift In frequency 

as a consequence of the shortening of the conducting arm (934)_ The operating 

·15 bands of t~e mobile antenna (93,1) can be readily retuned using for example a 

matching netvvork at the feeding point of the antenna. As an alternative, it can 

be prefened to lengthen the arrn (9::.¼) tti ret11ne the operating bands of the 

mobile antenna (931 ), 'Nhi!e keeping the !ength of slot (933) constant In that 

st~nst~,. the embodiment in Figure 9c shows a rnobile antenna (96·1) in which the 

20 conductin9 arm (964) has been fo!ded as a U shape, while ensuring that the 

length of the slot (963) is shorter than that of the slot (903) in figure 9a. !n this 

case, the end of the conducting arm (964} does not colnclde wlth the open end 

of U1e slot (963), as 1t was the case of embodiment in Flg, 9a, 'Nhere the tip O'f 

arm (904) defined the open end of the slot (903), Figure iO presents v-Athout 

25 any Hmitlng purpose a typ[c.~! antenna isolation -that can be obtained '.\Nith a 

modified mobl[e antenna Hke the one in Figure 9c, and compares it with the 

isolation obtained wm1 the original moblle antenna (Figure 9a), 

ln sornfi. cases, in order to achieve a good improvement tn isoiatlon behNf::H:H1 

antennas, the length of a slot, or a conductinfJ strip, or more generally a 

geornetric: feature of the mobile antenna which has an associated resonance 
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within a band of the wireless connectivity antenna, wm be modified (Le,, 

shortened or enlarged) about 12%, or about 20%, or even about a 30%. of the 

orifJlnal length of said slot, or said conducting strip, or said geometrteal feature 

of the mobile antenna_ 

!n some other embodiments lt can be advantageous to increase a dimension of 

a feature of the mobi!e antenna with an associated resonance at a frequency 

within an operating band of the wireless connectivity antenna. Figure ii 

discloses h:vo embodiments of a handset comprising a rnobi!e antenna and a 

1 G wireless connectivity antenna that use this technique to improve the antenna 

isolation, ln the case of Figure 11a, 'the slot (903} in the original mobile antenna 

(901) has been replaced by a meander-like slot {1103) to make it e!ectricaHy 

longer and shift the resonance associated to thls slot (1'103) \Veit below the 

operating band of the wireless antenna ("1'102). !n sorne ernbodfments of the 

·15 present lnventron at least a pmtron of the slot (1103) wm be preferably shaped 

as a spece-fl!Hng curve, a box-counting curve, a grid-dimension curve, or a 

fractal based curve, to ach1eve maximum size compression. 

The embodrment in Fi9ure ·t 1 b iHustrates another way of inc.masing the 

20 electrical [ength of the slot (903) of the origina! mobile antenna (901 }. In this 

case, the mobfle antenna ( 1151 ) complises a meta! strip ('11 fi4) that !s placed 

between the edges of the slot (90_3) and stiorted at one end to the main body of 

the mobile antenna ('1151) in the region (1155}, ln certain cases, the metal strip 

(i 154) wm be long enough to cover substantially the srot (903), while fn other 

25 cases the metal strip (1154) 1.JViU be shorter and be placed in just a portion of the 

slot (903). The resulting "U--shaped" slot wm have an assodated resonance 

frequency lower than that of the ortgina! slot (903). Figure 12 presents \'Vithout 

any Hmlting purpose a typical antenna isolation that csn be obtained V<lith a 

modified rnoblle antenna like the om~ ln F'.igure 1-1 b, and corn pares it with the 

30 isolation obtained with tht=3 miglnal mobile antenna (Figure 9a). tn sorne 

embodiments, such a iechnlque improves the Isolatlon by 4dB or more_ 
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Some other technlques to enhance the isolation betNeEffl the moblle antenna 

and the wireless connectivity antenna ln a handset or handheld device 

according to the present invention comprise the steps of modifying the 

s1eometry of the PCB of sald handset or handheid device to introduce on said 

PCf3 a feature able to increase the lsdatron between antennas in a particular 

frequency band. 

F\gure 1 aa presents an embodiment of a handset cornprtslng a mobile antenna 

10 (130·1), a wireless ccmnect!vlty antenna ('1302) and a PCB (1300), wherein a 

slot (1304) has been created In a ground plane of said PCB (1300). The slot 

('t:304} featur,es an open Hnd. That is, the slot (1304) intersects the pertmeterof 

U1e conducting pattern of the PCB {1300) in at least one point ln other words 

the slot (1304) ls not completely surrounded by conducting materials, !n this 

15 example, the unfolded length of the slot ('1304) has: been selected to be 

appmxlmate!y a quarter of the wavelength at the frequency -for whlch the 

isolation bet\,veen antennas needs to be l~nhanced. More generally, the length 

of the sfot (1304) can be adjusted to be approximatefy an odd inte~Jer multiple 

of a quarter of the wavetength at the frequency for V'>"hlch a hlgher !ave! of 

20 isolation is needed. 

A purpose of the slot (1 ~304) is to present a high lmp~dance path to the currents 

flowing on the per!rneter of the ground plane of the PCB {1300) on which the 

slot (1304} is placed and/or along a preferred path betvveen the feeding points 

of the first and second antennas (the feeding point of satd second antenna 

(1302) is placed under the fast antenna (1301 ), at the left of tl'1e sfot (·tJ04) in 

figure ·1:3a). Therefore, it \'\tlll be preferred in certain ernbodlrnents, in order to 

lncresse the rsolatlon, to plar..e the slot (1304} at a point along the perimeter of 

tht1 ground plane of the PCB (1300) in which the currents ftov,1lng frorn the 

3,0 wlre!ess connectivity antenna (1302) towards the mobHe antenna (130·1) along 

the perimeter of t¾e ground plane of the PCB (1300) are strong, !n other 
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embodiments, a purpose of shaplng the ground plane with for instance one or 

more slots is to alter the phase and arnpHtude of the coupHrig and to generate 

rnultlp!e srgnal coupling paths such that those multiple signals cancel or 

partially cancel each other. 

Figure '13b discloses another embodiment of a handset c,;)mprising a mobile 

antenna (1301), a wireless cormectlvlty antenna {'1302) and a PCB (1350), 

wherein a conductive s:trrpe ("1354) has been placed above, and substantially 

parallel to, the ground plane of the said PCB (1350) and shorted at one end to 

10 the said PCB (i350), ln the example of the figure, the unfolded length of the 

conductlng stripe ('1 :354) has been seleded to be appmx.imate!y a quarter of the 

v-vaveiength at the frequency tor whlch the iso[at1on bet.1\/'een antennas needs to 

be en!1anced, Being more general, the length of the conducting stripe (1354} 

can be adjusted to be approximately an odd fnteg.er ml)ltip!e of a quarter of the 

·15 viave!ength at the frequency for which a hlgher level of isolation ls ne~1ed, 

S1m1larly to the s!ot (1304) in. Figure 13a, a purpose of the conducting strip 

{'1354) ls to present a high impedance path to the curre~ts flowing on the 

ground plane of the PCB (1350) from the wireless connectivity antenna (1302) 

2.0 towards the mobile antenna (1301) (or vlceversf1). Therefore, lt wm be 

advantageous in some cases, to place the shorted end of the conducting stripe 

('1354) at least a distance of approximately a quarter of the wavelength at the 

frequency for wh\ch a higher !evl~! of lso!atlon is needed, on the path that the 

currents flowing from the wireless connectivity antenna (1302) towards: the 

25 mobile antenna. {1301) folbw on the gmund plane of the PCB ('1350) (or 

viceversa ). 

Figure 14 presents, 1,,vithout any limiting purpose, typical antenna isolation that 

can be obtained by using a handset w[th a modltied PCB as the one disclosed 

30 rn Figure 13b. Gmnpared with the isolation curve obtained in the original 

handset (flQure 9a}, the pn~sence of the shorted ccmducting strip (1354) 
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introduces a deep notch in the isolation in the region bet¼teen 2600MHz and 

2800MHz. where the original handset had a poor isolation. 

ln other ernbodiments. the ground plane of the PCB of the handset or handhe!d 

5 device can have two or more slots, !lke the slot ("1304} in Figure t3a, ortvvo or 

more conducting strips shorted to the ground plane of the PCB, Hke the 

conducting stripe (1354) in Figure 13b. By adjusting the number and length of 

the slots or the conducting strips, the frequency behavior of the iso!atlon 

between antennas can be tailored. In genera!,. for a wide-band behavior, the 

10 

15 

20 

25 

length of the slots or the conducting strips wm be substantially similar. For a 

rnu!tiband response with n? overlapping behveen frequency bands, the length 

of each slot or each conducting strip ls assoc!ated malniy \ivn;h the center 

frequency of a particular band at \•vhich the isolation betvveen antennas needs 

to be increased. ln yet other embodlments, a single stot (or a single conducting 

strip) with multiple branches can be used to obtain an improvement in the 

isolation with a V1lideband or multiband behavior. 

ln yet other embodlmenis,. the handset or handhe!d device comprises a mobile 

antenna (150·t ). a wlreiess connectivity antenna (1502), and a conductlng strip 

('1504) p!aced in the vicinity of the mobi!e antenna {1501) and the wireless 

connectivity antenna ('l 502), but differently from what is d[sdosed in • Figure 

13b, sald conducting strip (also refem~d to as parasitlc element) ls not 

connected to the ground plane of the PCB (1500). In the example of the Figure 

15, the unfolded length of the conducting strip (1504) has been selected to be 

approximately half of the wav~length at the frequency for which the isolation 

between antennas needs to be enhanced. The resonance introduced by said 

conducting strip (1504) enhances the curve of isolation between antt~nnas {see 

Figure 16, which ls provided for the purposes of mustration on!y and In no \Nay 

meant as a definition of the limits of the invention), improving ~ubstantla!ly the 

isolation ln the desired band (the 2600MHz. - 2800MHz region 1n th1s particular 
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example). This conducfalt; strip {1~104) basically functions as a shte!d for the 

electromagnetic radiation between the t1,vo antennas, 

ln sorne embodiments of the present lnvention {see for exarnple Figures 13 and 

15) at least fl portion of the stat (1304), or a portion of the conducting strip 

(1354, 1504) wm preferably be shaped as a space-fl!Hng curve, a box--countlng 

curve, a grid-dimension curve, or a fractal based curve, to achieve maximum 

size compression. 

A person skilled in the art wm recognize that the techniques disclosed in this 

patent application can be advanta:9oous!y used to enhance the isolation 

between an antenna for rnobUe communications and an antenna for wireless 

connectivity services not only when the latter ls a slot antenna but a!so for other 

types of antenna topology such as for instance, but not limited to, a monopole 

antenna, an !FA, a patch antenna or a P!FA .. 

Fig.. 22 shovvs an example of slot-antenna component 22·1 O according useful 

for present invention, indudlng a conductive, surface 221 ·1, fn vvhich a slot 2213 

has been created,. a dlelectric substrate.2212, five grounding termlnais 22-15 

20 · and feeding means comprlsing a feeding tem1inaJ 2214. !n Fig. 22a a 

25 

perspective bottorn vlew of the slot-·antenna component (i.e., as seen from the 

side of the component facing the PCB on 'Nhich It ls to be mounted) is shown. 

fig. 22b ls a top vkZ;V1l ·of the component (i.e., as seen trmn the slde of the 

component not facing the PCB on wh1ch it 1s to be mounted}. 

The conductive surface 2211 is backed by a dielectric substrate 2212. In this 

particular embodiment, and without llrnltlng purposes, the contour of the slot 

2213 is inspired in the Hilbert curve; however, other shapes could also be 

used. !n fact, the shape of the slot 2213, and the !ength and width of each 

one ot the segments that form said slot 22l3, can be selected to meet the 
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requirements of resonance frequency, electrical performance, and maxlrm.u11 

size, of a given SMT component. 

!n a preferred embodiment, the conductive surface 2211 is covered by another 

dielectric layer (such as for example a layer of ink. or a !ayer of protective epoxy 

coating for environmental protection), in which some wlndovvs are left in order 

to create. one or rnore contact tenninais 2214, :22-15 of the component 221 0, ln 

Fig, 22, the slot-antenna component 22:-10 comprises one feeding terminal 2214 

and several grounding terminals 2215. The contact terminals 2214, 2215 have 

been depicted as square pads, although they cou!d be shaped dtt'ferently, or 

take the form of pins or BGA balls. 

AB contact terminals 22'14, 22-15 are arranged on or dose to the edge of the 

conductive surface 221 'l and at the same time on or close to the edge of 

antenna component 2210, 

!n figure 22, the feeding rneans of the slot-antenna cornponent 221 o comprise 

a feeding contact 2214 and a conductive strip 2218 that r.an be advantageous!y 

printed or etched on the same conductive surface 221 i as the s!ot 2213, thus 

rnaklng the feeding means coplanar with the slot 2213. The conductive strip 

22·13 r.onnects the feeding terminal 2214 wlth the edge of the slot 22-13 that ls 

fartherfrorn the contact terminal 22'14 ln region 2219 along ihe slot 2213, In the 

example of Fig .. 12, the c.ormection ofthe conductive strip 2218 v~•ith the. edge of 

the s!ot 2213 that ls farther from tl1e contact terrninal 22i4 occurs at a 

substantially right angle (Le,, an angle of approximately 90°). however said 

connection could also occur at angles smaller or larger than 90°. 

ln said reglon 2219, the edge of the s!ot 2213 that ls clost3r to the feeding 

terminal 2214 is interrupted. so that the conductive strip 2218 can cross the slot 

2213 reaching the farther edge of sald s!nt 22'13. A clearance region 22.20 rs 

created at both slde.s of the conductive strip 22-18 and the feeding terminal 
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2214. The width of the dearance region 2220 does .not need to be necessarily 

the same on both srdes of the conductive strip 218 and the feeding terminaJ 

22i4. The input impedance of the s!ot antenna can be approprlately selected 

by means of the distance of the region 2219 to an end of slot 2217, the width of 

the conductive strip 2218 and the widths of the dearance region 2220 on each 

side oftha conductive strip 2218, and the feeding tem1inal 22·14._ 

In certain embodiments~ said widths can be substantla!!y equaL ln some case ... s. 

the width of the conductive strip 2218 and the widths of the clearance. regions 

on ead1 side thereof c-.-an be advantageously selected so as to fcrn1 a coplanar 

transmission Hne. The width of the conductive strip 221 a and the widths of said 

crearance regions will preferably be smaHer than a n:1axirnum vvidth. Some 

possible values for said maximum width comprise 1/2400, 'i/'i200, '1/800, 

1/600, 1/480, 1/400, i/300, '1/240, 1/200, 1/150 and 'l/120 of a free-space 

operating wavelength otthe s!ot antenna. 

ln some cases, it wm be advantageous to place a grounding tem1fnal 2215 at 

each side of the feeding terminal 2214. In other examples, the feedfng terminal 

22'14 might not be coplanar with the s!ot 2213, making it necessary to couple a 

feeding signal from the feeding tt~rminal 2214 to the conductive strip 2218 

either by direct contact (such as for instance by means of a vla hole). or by 

etectromagnetic coup!lng (either capacmve or inductive). Capacitive (or 

inductive) coupling can be preferred in some cases to cornpensate for an 

inductive (or capacitive) component of the input impedance of the s!ot antenna, 

wlthout having to use external circuit elements such as capacitors or inductors. 

Flgure 22 shmvs an example of the slot-antenna r,amponent2210 in which the 

slot antenna is exdted ln an unbalanced marm-,~r. ln sorne other examp!es, a 

slot-antenna component could be excited in a balanced manner by includlng a 

fast feeding terminal to providB a posltlve potential (r~~ferenced to a ground 

potenHaf) and a second feeding terminal to provide a negative potentral 
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(referenced to said ground potential). In some cases, the component can also 

include a third feeding terminal to provide said ground potentlaL 

In the embodiment of Fig. 22, the slot 22·13 has a tlrst end 2.216 that intersects 

the perlrneter of the conductive surface 2211. That ls, the slot :~ ·13 is open­

ended at said first end 2216. Furthermore. the second end 2217 of the slot 

does not intersect the perlmeter of the conductive surface 2211 {Le., it is 

closed-ended). 

!n Fig~ 2:3 examples of how a slot-antenna component 22·10 can be p!aced on a 

substantially rectangu!ar PCB 2:-mo of a wlrefess (e.g. handheid or portable} 

device are shown. In flg 23a the !ong:er dimension of the slot-antenna 

component 221 O is aligned with one of the tonger edges of the PCB 2300, and 

substantially centered along safd edge. Fig. 23b relates to the case where the 

longer dimenslon of the siot-antenna component 221. 0 ls a!igm3d with one of the 

longer edges of th(➔ PCB 2300, and substantially close to a comer of said edg(:} 

and in Flg. 23c the longer dknenslon of the s!ot.-antenna component 221 O ls 

aligned v.ifth one of the shorter edges of the PCB 2300, and substantially close 

to a corner of said edge, it may also be centered along the short edge. 

!n Fig. 231 the conductive !ayer of the PCB 2300 has been removed or, at least, 

partly removed tmder the slot-antenna component 22i0, that ls, ln 

correspondence with the footprint of the srot-antenna component on the PCB, 

that ls, in correspondence with its projection on the PCB 2300. 

Generally. the present invention can facilitate the integration of the antennas 

lnsrde several kinds of handsets or handhe:kl devices so that the antennas car1 

be arranged in a way that it ls compatlbte with high density of components on 

the PCB of the device. For mlniatuiizatlon purposes, at least a prntlon of the 

cta-ve defining the conducting trace. tx)nductjng wire or contour of the 

conductlng sheet of at feast one antenna of the handset or handheid devke v.tl!l 

EX1002 - Page 64



5 

10 

15 

20 

30 

45 

advantageously be a space41Hing curve, a box"-countlng curve, a grld­

dimension curve, or a fractal based curve. The conducting. trace1 conducting 

wire or contour of the conducting sheet of said at least one antenna might take 

the form of a single curve, or might branch-out in tv.io or more curves, v.thich at 

the same time in some embodiments vviH be also of the space-fimng, box-­

counting, grid-dimension, or fractal kinds, Additionally, in some ernbodirnents a 

part of the curve wm be coupled ettherthrough direct contact ore!ectromagnetlc 

coupling to a condticifng polygonal or mu!tifevei surface. 

The teachings disclosed in the present patent application fad!itate the adopHon 

of the ,vireless functiona!lty in handsets and other handheld devices. Handset 

and handhe!d device rnanufactures wm benefit from the commerda!izatlon of 

such products with value-added features and that enjoy of stronger custorner 

preference, In a platform like the one of a handset for mobHe cormnunications 

ln vvh!ch the efficient use of srnal!-sized PCBs is paramount, the !ntegmt1on of a 

• wireless connectivity antenna according to the present lnvention offers the 

benefit of small area overheads (Le .• smaller overall size of the handhe!d 

dcwice), which translates Into lower cost Moreover, the enhanced isolation 

beti.veen antennas attainable usin9 the techniques and teachings of the present 

invention provide handset and handheld device rnanufocturer.;; with more 

fiexibiUty when designing the !ayout of the PCB of the devlces and the 

placement of the antennas and neighboring electronics on the PCB of the 

devices, reducing the costs of integration of the antenna, s!mpHfying the new 

product dev1~lopment cycle, and accelerating the tirne lo market of their new 

products. 

!n some preferred embodknents the hands.et or handheld device is operating at 

one, two, three or more of the follm•v1ng con-u11unicatkm and connectivity 

services: GStv'! (GSM850, GSM900, GSM·fSOO, American GSM or PCS'l 900, 

GSM450), UMTS, \NCDMA, CDMA. Btm~toothu.\ l EEE802:11 ba, 
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IEEE802.11b. !EEE802.1'1.g, WLAN, WiFi, UVVB, ZigBee, GPS, Gameo, 

SDARs, XDARS, VVlMAX, DAB, FM, DMB, DVB-H. 
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WHAT IS CLAIMED !S: 

i, A handhetd device cornprislng: 

at laast one printed circuit board; 

a first antenna capabl.e of transmitting and receiving electromagnetic wave 

signals in at !east three frequency bands; 

a second antenna arranged to operate in a first frequency band; 

wherein sald first frequency band is different from any frequency band of 

said at least three frequency bands; and 

wherein the second antenna is a slot antenna comprising at !east one slot 

in at least one conductive !ayer. 

2, The handheld device accorcHng to claim 1, wherein said at least one 

conductive layer is a conductive !ayer of sald at !east one printed circuit board, 

vvhereln said slot antenna comprises at least one slot In said conductive !ayer of 

said at least one printed circuit board, 

3. The handheld ctevrce according to claim 1, wherein said at least one slot has 

a dosed end and an open end, said open end being arranged in correspondence 

with a perirneter of sald at least one conductive !ayer, v,herein said at least one 

s!ot is not comp!ete!y surrounded by conductive material ln a plane or planes of 

said at least one conductive !ayer. 

4. The handhe!d device according to c!alm 4, wherein said second antenna 

comprises at !east one feed point, wherein said at !east one feed point is situated 

closer to said closed end than to said open end. 

5. The handheld devlet~ according to claim i. wherein said at least one slot 

comprises two closed ends, wherein sald at least one slot is cornpletely 

surrounded by conductive material !n a plane or p!am~s of said at !east one 

conductive layer. 

6. The hand held device according to claim ·1, wherein said second antenna 

comprises at feast one feed point; wherein sald at least one feed point ls sitlmted 
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at a distance from a dosed end of said slot tess than, or equal to, a value 

selected from the group comprising 0-2%, OA%, 0,8%, t2%, 1.6%, 2.5%, 3 .. 3%, 

4%; and 8% of a free-;space operatlng wavelength of the second antenna, 

7. The handhe!d device according to c!a.lrn 1, wherein said at least one slot 

antenna has a size so that the at least one slot antenna c.an be inscribed in a 

rectangle having a width of less than 1/50 of a free-space ope!·atfng \Navefengtr1 

of the at !east one slot antenna. 

8. The handhefd device according to clairn 1) wherein said at least one s!ot 

antenna has a size so that the at !east one slot antenna can be inscribed fn a 

rectangle having a length of less than i/4 of a free-space operating '~•vavelength 

of the at !:east one slot antenna. 

9, The hand held device according to claim i, 'Nherein said at !east one s!ot has 

an unfolded length corresponding to approximately (2N-1)*Al4, where A is an 

operating wavelength of the second antenna and N [s an integer, N> 1. 

10, The hand held device according to claim 11 wherein said at tea.st one slot has 

an unfolded length corresponding to approxirnately (2N)"'N4, where A ls an 

operating wavelength of the second antenna and N is an integer, N>1. 

·11. The hand held device according to dalm 1, wherein said at least one printed 

circuit board comprises a. ground-plane havlng a generally rectangular 

configuration comprising two shorter sides and tvvo longer sides, whereln sald at 

!east one siot antenna comprlses at least one slot extending in a dlrection 

substantially parallel to one of said n~o longer sides. 

12, The handheld device according to claim 11, wherein said first antenna is 

arranged extending in a direction substantiaHy paraHel to one of said two shorter 

skies. 

·13, The handhe!d device accordlng to daim 11, wherein said second antenna is 

arranged substantially at a center portion of one of sald two longer sides. 

EX1002 - Page 68



49 

14. The hand held device according to daim 11, wherein said first antenna Is 

arranged substantially adjacent to one of sadd two shorter sides, 

15. The handheld device according to claim 11, wherein said second antenna 

has a longitudinal extension substantially parallel to one of said two longer sides. 

16. The handhe!d devh;e according to claim 1, wherein said handheld device 

further comprising at least one slot in a ground-plane of said at !east one printed 

clrcutt board, wherein said at least one slot is arranged for providing enhanced 

lso!ati.on between a feeding point of said first antenna and a feeding point of said 

second antenna by providing a high impedance path in said ground-~p!ane 

behveen said feeding polnts at at feast one frequency band corre$pondlng to an 

operating band of one of said first and second antennas, 

17. The handhe!d device according to c!a!m 16·, wherein said at least one slot in 

the grnund-p!ane has an open end in correspondence with a perimeter of said 

ground--pfane. 

18, The handhe!d device according to claim 16. wherein said at least one slot in 

the ground~p!ane t1as a length of approximately {2N-· 1 f'AJ4, wherein A is a 

wavelength corresponding to a frequency within said operating band, and N is an 

integer, N>1. 

i 9, A handheld device comprising: 

a printed clrcult board including a ground plane; 

a first antenna operating in a plurality of frequency bands, said first 

antenna being capable of trnnsmltting and receiving electromagnetic wave 

signals fn each frequency band of said plurality of frequency bands; 

a second antenna operating ln at least a first frequency band, said second 

antenna being capable of transmrlting and receiving electromagnetic wave 

signals in said firat frequency band; 

wherein said first freqrn._:mcy band is different from any frequency band of 

the plura!lr/of frequency bands; 
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wherein the said first antenna is selected from the group Gonsistlng 

essentlaHy of monopole antenna, lFA, patch antenna, and PlFA; 

wherein Uie second antenna !s a slot antenna comprising a slot having an 

open end, wherein the slot antenna ls included ln the ground plane of the printed 

circuit beard, wherein a longest s:trarght segment of the slot is substantially 

para!!e! to a longest edge of the printed circuit board, wherein the open end of the 

stot is tn contact vvith an edge of the printed circuit board; 

wherein a wldth of a rectangular area ln which the slot antenna 1s 

lnscrlbed 1 divided by a free-space operating wavelength of the sfot antenna is 

smaller than, or equal to, at !es.st one of the follov,1ing fractions; 1/'10, 1/30, 1/50, 

1160, 1170, or -uao; 
wherein a length of the rectangular area in which the slot antenna is 

Inscribed, drvided by a free-space operating wavelength of the slot antenna is 

smaller than, or equal to 1 at least one of the following fractlons: 1/2,. 1/31 or 1.14; 

wherein U1e handheld device ls a mobl!e handset, operating ln at feast one 

cf the following mobile cornmunk-atlon and wfreless connectlvlty services: 

GSM (GSr1.t1850, GSM900, GSM1800, American GSM or PCS1900, 

GSM450), UMTS, WCDMA, CDMA, B!uetooth.Tr-..4., !EEE802J 1ffbfla, 

!EEE802.1 ·lb, !EEE802.11 g, \NLAN 1 \NiFi, UVVB, Zig Bee, GPS, Ga.!i!eo, SDARs, 

XDARS, \NiMAX, DAB, FM, DMB. 

20, A method of improving isolation between a first antenna and a second 

antenna of a handhe!d devfce, the method comprislng: 

the first antenna operating in a plurality of frequency bands, said first 

antenna being capable of transmltting and receiving electromagnetic wave 

slgna!s in each frequency band of said plurality of frequency bands; 

the second antenna operating In a first frequency band, wheretn the flrst 

frequency band is different frorn any frequency band of the plurality of frequency 

bands; 

estab!ishlng at ktast one slot in a ground.,plane c)t' said handt1etd devlce so 

as to provide fur enhanced isolation between a feeding point of said first antenna 

and a feeding point of sald second antenna; and 
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providing a high impedance path in said ground-plane between sald 

feeding points at at !east one frequency band selected from said plurality of 

frequency bands and the first frequency band. 
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.ABSTRACT 

The invention relates to a handheld device comprising a first antenna 

(401, 701, 901, 931, 96i, 1101, 1151, 1301, 1501) arranged to operate in at least 

a first frequency band, and a second antenna (402, 702, 902, 11021 1302, 1502, 

2210) arranged to operate in at !east a second frequency band, wherein safd 

second frequency band ls different from said first frequency band, According to 

the invention, the second antenna comprises a slot antenna comprising at !east 

one slot in at least one conductive layer, The invention also relates to 

enhancernent of the lsolat!on bet'ueen first and second antennas in a handheld 

device. 
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application by this firm) to our Deposit Account No. 23-2426, under Order No. 47005-

P040WUSC2. 

Dated: December 28, 2012 

5976658v.l 47005/P040WUSC2 

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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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 13/718,348 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 390 (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 620 (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 250 (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 20 (37 CFR 1.16(i)) 
minus 20= OR X 62 = 0.00 

INDEPENDENT CLAIMS 3 minus 3 = X 250 = 0.00 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 1260 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR 
~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION 
NUMBER 

FILING or 
37l(c)DATE 

GRPART 

UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

13/718,348 12/18/2012 2821 1260 47005-P040WUSC2 20 3 

61060 
WINSTEAD PC 
P.O. BOX 131851 
DALLAS, TX 75313 

CONFIRMATION NO. 8109 

FILING RECEIPT 

11111111111111111 lllll ll]~!l]!~l!~l!~HH!l~~!lll lllll 111111111111111111 

Date Mailed: 01/23/2013 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

lnventor(s) 
Josep Mumbru, Barcelona, SPAIN; 
Jaume Anguera, Castellon, SPAIN; 
Jordi Soler, Mataro, SPAIN; 
Carles Puente, Sant Cugat del Valles, SPAIN; 

Applicant( s) 
Fractus, S.A., Sant Cugat del Valles, SPAIN 

Assignment For Published Patent Application 
Fractus, S.A., Sant Cugat del Valles, SPAIN 

Power of Attorney: None 

Domestic Priority data as claimed by applicant 
This application is a CON of 13/341,051 12/30/2011 PAT 8362960 
which is a CON of 11/988,888 09/30/2008 PAT 8115686 
which is a 371 of PCT/EP2006/007050 07/18/2006 
which claims benefit of 60/702,205 07/25/2005 

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the 
USPTO. Please see http://www.uspto.gov for more information.) 
EUROPEAN PATENT OFFICE (EPO) 05106694.2 07/21/2005 

Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual 
property Office that participates in the Priority Document Exchange (POX) program or contains a proper Request to 
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Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the US PTO will attempt 
to electronically retrieve these priority documents. 

If Required, Foreign Filing License Granted: 01/18/2013 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 13/718,348 

Projected Publication Date: To Be Determined - pending completion of Corrected Papers 

Non-Publication Request: No 

Early Publication Request: No 
Title 

HANDHELD DEVICE WITH TWO ANTENNAS, AND METHOD OF ENHANCING THE ISOLATION 
BETWEEN THE ANTENNAS 

Preliminary Class 

343 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4158). 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

13/718,348 

61060 
WINSTEAD PC 
P.O. BOX 131851 
DALLAS, TX 75313 

FILING OR 3 71 (C) DATE 

12/18/2012 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Josep Mumbru 47005-P040WUSC2 
CONFIRMATION NO. 8109 

FORMALITIES LETTER 

11111111111111111 lllll ll]~!l]!~l!~l!~HH!l~Ull lllll 111111111111111111 

Date Mailed: 01/23/2013 

NOTICE TO FILE CORRECTED APPLICATION PAPERS 

Filing Date Granted 

An application number and filing date have been accorded to this application. The application is informal since 
it does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS 
from the date of this Notice within which to correct the informalities indicated below. Extensions of time may be 
obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a). 

The required item(s) identified below must be timely submitted to avoid abandonment: 

• A substitute specification in compliance with 37 CFR 1.52, 1.121 (b)(3), and 1.125, is required. The substitute 
specification must be submitted with markings and be accompanied by a clean version (without markings) as 
set forth in 37 CFR 1.125(c) and a statement that the substitute specification contains no new matter (see 37 
CFR 1.125(b)). The specification, claims, and/or abstract page(s) submitted is not acceptable and cannot be 
scanned or properly stored because: 

• The application contains drawings, but the specification does not contain a brief description of the several 
views of the drawings as required by 37 CFR 1.74 and 37 CFR 1.77(b)(7). 

• Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121 (d) are required. The drawings 
submitted are not acceptable because: 

• The drawings must be reasonably free from erasures and must be free from alterations, overwriting, 
interlineations, folds, and copy marks. See Figure(s) 7. 

• More than one figure is present and each figure is not labeled "Fig." with a consecutive Arabic numeral (1, 
2, etc.) or an Arabic numeral and capital letter in the English alphabet (A, B, etc.)(see 37 CFR 1.84(u)(1 )). 
See Figure(s) 22, 23. A brief description of the several views of the drawings (see 37 CFR 1.74) should be 
added or amended to correspond to the corrected numbering of the figures. See also 37 CFR 1.77(b)(7). 

• The drawings submitted to the Office are not electronically reproducible because portions of figures 
2,4,9, 11, 13, 15 are missing and/or blurry. 

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to 
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required 
application size fee. 

The applicant needs to satisfy supplemental fees problems indicated below. 

The required item(s) identified below must be timely submitted to avoid abandonment: 

• A surcharge (for late submission of the basic filing fee, search fee, examination fee or inventor's oath or 
declaration) as set forth in 37 CFR 1.16(f) of$ 130 for a non-small entity, must be submitted. 
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SUMMARY OF FEES DUE: 

Total fee(s) required within TWO MONTHS from the date of this Notice is$ 130 for a non-small entity 
• $ 130 Surcharge. 

Items Required To Avoid Processing Delays: 

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for 
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's 
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute 
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the 
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f). 

• A properly executed inventor's oath or declaration has not been received for the following inventor(s): 
All 
Applicant may submit the inventor's oath or declaration at any time before the Notice of Allowance and Fee(s) 
Due, PTOL-85, is mailed. 

Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing 
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more 
information and a suggested format, see Form PTO/SB/92 and MPEP 512. 

Replies should be mailed to: 

Mail Stop Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA 22313-1450 

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web. 
https ://sportal. uspto .gov/authenticate/ AuthenticateUserlocal EP F. htm I 

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or 
visit our website at http://www.uspto.gov/ebc. 

If you are not using EFS-Web to submit your reply, you must include a copy of this notice. 

/mgabre/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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Attorney Docket No.: 47005-P040WUSC2 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

DECLARATION FOR PATENT APPLICATION 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am an original, first and joint inventor of the subject matter which is claimed and 
for which a patent is sought on the invention entitled: 

HANDHELD DEVICE WITH TWO ANTENNAS, AND METHOD OF ENHANCING THE 
ISOLATION BETWEEN THE ANTENNAS 

the specification of which was filed on December 18, 2012 as Application No. 13/718,348. 

The above-identified application was made or authorized to be made by me. 

In the event that the filing date and/or Application No. are not entered above at the time I 
execute this document, and if such information is deemed necessary, I hereby authorize and 
request my attorneys/agent(s) at Winstead PC, P.O. Box 131851, Dallas, Texas 75313, to 
insert above the filing date and/or Application No. of said application. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in 
the above-identified application. 

I hereby state that I have reviewed and understand the contents of the above identified 
specification, including the claims, as amended by an amendment, if any, specifically refeITed 
to herein. 

I acknowledge the duty to disclose all infonnation known to me that is material to 
patentability as defined in 37 C.F.R. § 1.56. 

I hereby acknowledge that any willful false statement made in this Declaration is punishable 
under 18 U.S.C. 1001 by fine or imprisonment of not more than five (5) years, or both. 

FOREIGN PRIORITY CLAIM 

I hereby claim foreign priority benefits under Title 35, United States Code § l l 9(a)-( d) of any 
foreign application(s) for patent or inventor's certificate listed below and have also identified 
below any foreign application for patent or inventor's certificate having a filing date before 
that of the application on which priority is claimed: 
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Attorney Docket No.: 47005-P040WUSC2 

[Jg no such foreign applications have been filed 

D such foreign applications have been filed as follows: 

EARLIEST FOREIGN APPLICATION(S), IF ANY FILED WITHIN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 

Application Number Country Date of Filing 
Priority Claimed 

Under 35 USC 119 

Yes No 

ALL FOREIGN APPLICATION(S), IF ANY FILED MORE THAN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 

Application Number Country Date of Filing 

CLAIM FOR BENEFIT OF EARLIER U.S. PROVISIONAL APPLICATIONS 

I hereby claim priority benefits under Title 35, United States Code § 119(e), of any United 
States provisional patent application(s) listed below: 

Q no such U.S. provisional applications have been filed. 

D such U.S. provisional applications have been filed as follows: 

Application Number Date of Filing 
Priority Claimed 

Under 35 USC 119 

CLAIM FOR BENEFIT OF EARLIER U .S./PCT APPLICA TION(S) 

I hereby claim the benefit under Title 35, United States Code,§ 120 of the United States 
application(s) listed below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States application in the manner provided by 
the first paragraph of Title 35, United States Code,§ 112, I acknowledge the duty to disclose 
all information that is material to patentability as defined in 37 C.F.R. § 1.56 which became 
available to me between the filing date of the prior application and the national or PCT 
international filing date of this application: 
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Attomey Docket No.: 47005-P040WUSC2 

D no such U.S./PCT applications have been filed. 

Q such U.S./PCT applications have been filed as follows: 

Application Number Relationship Parent Application Date ofFiling 

This Application Continuation I 3/341,05 I December 30, 2011 

13/341,05 I Continuation 11/988,888 July 18, 2006 

I 1/988,888 National Stage PCT /EP2006/00705 0 July 18, 2006 

PCT /EP2006/007050 Claims priority EP 05106694.2 July 21, 2005 

PCT /EP2006/007050 35 U.S.C I 19(e) 60/702,205 July 25, 2005 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine orimprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 

Please direct all c01Tespondence to Stanley R. Moore at the address associated with Customer 
Number 61060. 
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Attomey Docket No.: 47005-P040WUSC2 

Full name of sole or first inventor 

.Iosep Mumbru 
Sofonr first inven~tr's s[:hll~r , Diite 

. ---- -,:..r_ 1l~\..,; ~-.,,,,__-....... ,\a~. 2{ ?crl 3 
x, I 

Residence 

Barcelona, Spain 
Citizensl1ip Spain 
Mailing Address 

Consell de Cent,. 322 
08007 Barce.lona 
SPAIN 
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Attorney Docket No.: 47005-P040WUSC2 

Full name of second inventor, if any 

Jaume Anguera 
Second foventor's signet~' Date 

(+( /{Zott -· __,_.-.,,, 

Residence -
Castellon, Spain 
Citizenship Spain 
Mailing Address 

Paseo Blasco Ibanez 
15-2, Vinaros 
E-12500 Castellon 
SPAIN 
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FuU name of third inventor, ifru1y 

Jordi Soler 
Third inventor's signature 

Resident-e. 

Sant Cugat del Valles~ Spain 
Citizenshfp Spain 
Mailing Address 
Alcalde Bamils, 64~68 
Modul C, 3aplanta 
08174 Sant Cugat del Valles 
SPAIN 

5!:37E;i648v.2 47Q0.5/P040WUSC2 

AttomeyDocket No.: 47005-:P040WUSC2 

Date 

2"~ ;ft:._--..~O ~ 
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Attomey Docket No.: 47005-P040WUSC2 

Full na01e of fourth inventor, if any 

Carles Puente 
Fourth inventw's signature ~. ~ Date 

~
--· ."· J 1 / HJ zo,, 3 -

~ldei1ce 

Sant Cugat del Valles, Spain 
Citim1ship Spain 
Mailing. Address 

Alc~lde Bamils, 64-68 
Modul C, 3a planta 
08174 Sant Cugat delValles 
SPAIN 
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Electronic Patent Application Fee Transmittal 

Application Number: 13718348 

Filing Date: 18-Dec-2012 

Title of Invention: 
HAN DH ELD DEVICE WITH TWO ANTENNAS, AND METHOD OF ENHANCING 
THE ISOLATION BETWEEN THE ANTENNAS 

First Named Inventor/Applicant Name: Josep Mumbru 

Filer: Ross Robinson/Brenda Brown 

Attorney Docket Number: 47005-P040WUSC2 

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Late filing fee for oath or declaration 1051 1 130 130 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

Total in USD ($) 130 
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Electronic Acknowledgement Receipt 

EFSID: 14858909 

Application Number: 13718348 

International Application Number: 

Confirmation Number: 8109 

Title of Invention: 
HAN DH ELD DEVICE WITH TWO ANTENNAS, AND METHOD OF ENHANCING 
THE ISOLATION BETWEEN THE ANTENNAS 

First Named Inventor/Applicant Name: Josep Mumbru 

Customer Number: 61060 

Filer: Ross Robinson/Brenda Brown 

Filer Authorized By: Ross Robinson 

Attorney Docket Number: 47005-P040WUSC2 

Receipt Date: 01-FEB-2013 

Filing Date: 18-DEC-2012 

Time Stamp: 18:25:21 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $130 

RAM confirmation Number 6818 

Deposit Account 232426 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges) 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

1 
Submission_of_Executed_Decl 

a ration_ 1.PDF 

149157 

yes 9 
c3fd54bbf4204e43a2e5e08af45f082fc3aaf 

e2c 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Miscellaneous Incoming Letter 1 2 

Oath or Declaration filed 3 9 

Warnings: 

Information: 

30463 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
f8b83ae36f983c6f9fc4f4fec580d6039eedb 

4ac 

Warnings: 

Information: 

Total Files Size (in bytes) 179620 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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I hereby certify that this paper (along with any paper referred to as being attached 
or enclosed) is being deposited with the U.S. Postal Service on the date shown 
below with sufficient postage as First Class Mail, in an envelope addressed to: 
Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

Dated: February 1, 2013 
Electronic Signature for Brenda I. Brown: /Brenda I . Brown/ 

Docket No.: 47005-P040WUSC2 
(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Josep Mumbru et al. 

Application No.: 13/718,348 

Filed: December 18, 2012 

For: HANDHELD DEVICE WITH TWO 
ANTENNAS, AND METHOD OF 
ENHANCING THE ISOLATION BETWEEN 
THE ANTENNAS 

Confirmation No.: 8109 

Art Unit: 2821 

Examiner: Not Yet Assigned 

SUBMISSION OF EXECUTED DECLARATION 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Madam: 

Applicant hereby submits the required executed Declaration. 

COMPLETION FEES 

Please charge our Deposit Account No. 23-2426 in the amount of $130.00 for payment of 

the surcharge fee for providing the oath or declaration. The Commissioner is hereby authorized 

to charge the following additional fees that may be required by this paper and during the 

pendency of this application or to credit any overpayment in connection herewith to deposit 

account number 23-2426 of Winstead PC for any of the following fees: 
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Application No.: 13/718,348 Docket No.: 47005-P040WUSC2 

(1)37 CFR §1.16(a) for filing fees; 

(2)3 7 CFR § l .16(b ), ( c) and ( d) for presentation of extra claims; 

(3)3 7 CFR § 1.16( e) for payment of the surcharge fee; 

(4)37 CFR §1.17(a)(l) (5) for payment of extension fees pursuant to §1.136(a); and 

(5)37 CFR § 1.17 for payment of application processing fees. 

Dated: February 1, 2013 

5995096v.l 47005/P040WUSC2 

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 

2 
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. . PTO/SB/80 .(11::08) 
Approved for use lhmugh 11/30/2011. 0MB 0651-0035 

U.S. Palehj and Tradematk Office; U.S; DEPARTMENT OF COMMERCE 
Under 1h e p,merwork Reifoc!lon Ac! of 199'5,.no t>ernnns are required lo resoornfto a coUec!\on oflnl'ormailon unless ft·dis~lavsa vafid 0MB conttol number 

POWER OFA TTORNEY TO PROSECUTE APPUCATrONS BEFORE THE USPTO 

I hereby revoke.all prewious powers ofattorney given in the appficatlon ideritifie1d ln the al1ached statement under 
37 CFR3. 73tbt 
I hereby appoint 

0 ~;ctitionersassc,cfatedwJth the·.CustomerNumber: I 61060 I 
D P.ractitlcmer(s) named. below (tf more than ten patent pracUtJoners are to be. named, then a customer numb.er mui;;t be used): 

Name 
Reglslratlon 
Number Name Registration 

Number 

a; affo'mel'{s) oragent[sJto represent the undersigned before ihe United Staies Patent and trad~arktJffice(USPTO/[ri cpn~eciionwith 
any and aH patenfepplj~atlons ~ssigned ;QJili!_.to .the undersigned according to the US PTO asslgnmenl records or assignment documents 
a\taohedtolhls.fnrm in.ecccrdan00;wlth 37 C:FR 3.73\b). 

Filea&e change the correspondence address,fodhe application Identified ihlhe attach.ad statsment undet37 CFR3.73(b) to: 

0 Toe acldi-ess associated 1111th Customer Number: I I 
OR 

□ Firmer J 
Jnrih1ldual Nam.e· 

Addrei;s 

City 
CoUntry 

Assignee N~me and Address: 
Fraclus, S.A. 
G .. Alcalde Barnits, 64-68 
Edifido Testa - Mo~ulo C, 3° 

[state IZiP I 
!Telephone I Ema11 I 

Parque Empresarial Sant Joan; Sant Cugatdel Valles; E-08190 Barcelona; SPf\lN 

A copy of till!! form, together with a staten,ent1111der 37 CFR 3.73{b) (F9rm PTO/SB/9.6 o.r equivalent) Is required to be 
filed In ,aeh·appllc;ition .fnWhr!:h t!lfs.form Is used, The statement unde.r.37 CFR 3.73(&} tnay be i;omple(ed by one of 
the practitioners appolntedfn this form lfthtq1ppolnted practitioner Is authorl:i:ed to acton behalf of the aiisignee, 
i1nd must.fdimtlfy the a ppllc:ation in wh.ieh this Poi,,,er of Attorney ls; to be filed, 

Slgnatur~ 

. . .. ~NATl)RE ofAsslgnee of Record 
The ilidivJdilal Whose~it:Jt'\s supplied below is authorized· to &ct on beh.ilf of the ~~ignee 

• \I/_ {""' . , Date MAf2..C:.~ 5 , i.012.., 

Name 
Title 

58139;36v,1 47005/PQ.17WOSC2 
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Electronic Acknowledgement Receipt 

EFSID: 14859034 

Application Number: 13718348 

International Application Number: 

Confirmation Number: 8109 

Title of Invention: 
HAN DH ELD DEVICE WITH TWO ANTENNAS, AND METHOD OF ENHANCING 
THE ISOLATION BETWEEN THE ANTENNAS 

First Named Inventor/Applicant Name: Josep Mumbru 

Customer Number: 61060 

Filer: Ross Robinson/Brenda Brown 

Filer Authorized By: Ross Robinson 

Attorney Docket Number: 47005-P040WUSC2 

Receipt Date: 01-FEB-2013 

Filing Date: 18-DEC-2012 

Time Stamp: 18:36:09 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

136162 

1 
Assignee showing of ownership per 37 Statement_Under_37 _CFR_ 1. 

9 
CFR 3.73. PDF 

no 
8fa34e 1 0a9125a817d8d89a94c77497da30 

c6801 

Warnings: 

Information: 
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58360 

2 Power of Attorney Power_of_Attorney_2.PDF no 1 
04-e 75ca85bd5d5b7648c3e4 72432895c1 b 

8ef7c 

Warnings: 

Information: 

Total Files Size (in bytes) 194522 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless ii displays a valid 0MB control number 

STATEMENT UNDER 37 CFR 3.73(c) 

ApplicanUPatent Owner: Josep Mumbru et al. 

Application No./Patent No.: 13/718,348 Filed/Issue Date: December 18, 2012 

Titled: HAN DH ELD DEVICE WITH TWO ANTENNAS, AND METHOD OF ENHANCING THE 
ISOLATION BETWEEN THE ANTENNAS 

Fractus, S.A. , a Corporation 
(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.) 

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below): 

1. G The assignee of the entire right, title, and interest. 

2. D An assignee of less than the entire right, title, and interest (check applicable box): 

D (The extent (by percentage) of its ownership interest is ____ %). Additional Statement(s) by the owners 
holding the balance of the interest must be submitted to account for 100% of the ownership interest. 

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire 
right, title and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the 
entire right, title, and interest. 

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made). 
The other parties, including inventors, who together own the entire right, title, and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the 
entire right, title, and interest. 

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a 
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached. 

The interest identified in option 1, 2, or 3 above (not option 4) is evidence by either (choose QQg of options A or B below): 

A. G An assignment from the inventor(s) of the patent application/patent identified above. The assignment was 
recorded in the United States Patent and Trademark Office at Reel 
Frame , or for which a copy thereof is attached. 

B. n A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

1. From: _______________ To: 
The document was recorded in the United States Patent and Trademark Office at 
Reel _____ , Frame _____ , or for which a copy thereof is attached. 

2. From: ______________ To: 
The document was recorded in the United States Patent and Trademark Office at 
Reel , Frame , or for which a copy thereof is attached. 

[Page 1 of 2] 
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PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 

3. From: ______________ To: 
The document was recorded in the United States Patent and Trademark Office at 
Reel _____ , Frame _____ , or for which a copy thereof is attached. 

4. From: ______________ To: 
The document was recorded in the United States Patent and Trademark Office at 
Reel _____ , Frame _____ , or for which a copy thereof is attached. 

5. From: To: ----------------
The document was recorded in the United States Patent and Trademark Office at 
Reel _____ , Frame _____ , or for which a copy thereof is attached. 

6. From: ________________ To: 
The document was recorded in the United States Patent and Trademark Office at 
Reel _____ , Frame _____ , or for which a copy thereof is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

~ As required by 37 CFR 3.73(c)(1 )(i), the documentary evidence of the chain of title from the original owner to the assignee 
was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment Division 
in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/Shoaib A. Mithani/ February 1, 2013 
Signature Date 

Shoaib A. Mithani Attorney for Assignee 
Printed or Typed Name Title or Registration Number 

[Page 2 of2] 
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ASSIGNMENT 

THIS ASSIGNMENT, by Josep Mumbru; Jaume Anguera; Jordi Soler; and Carles 

Puente (hereinafter Assignors), of Consell de Cent, 322, 08007 Barcelona, SPAIN; Paseo 

Blasco Ibanez, 15-2, Vinaros, E-12500 Castellon, SPAIN; Alcalde Bamils, 64-68, Modul C, 3a 

planta, 08174 Sant Cugat del Valles, SPAIN; and Alcalde Barnils, 64-68, Modul C, 3a planta, 

08174 Sant Cugat del Valles, SPAIN, respectively; 

WHEREAS, Assignors have invented ce11:ain new and useful improvements in 

HANDHELD DEVICE WITH TWO ANTENNAS, AND METHOD OF ENHANCING THE 

ISOLATION BETWEEN THE ANTENNAS, set forth in a Patent application for Letters Patent 

of the United States, already filed on December 18, 2012 as U.S. Application No. 13/718,348; 

and 

WHEREAS, Fractus, S.A., of Alcalde Barnils, 64-68, Modul C, 3rd Floor, 08174 

Sant Cugat del Valles, SPAIN (hereinafter referred to as Assignee), is desirous of acquiring the 

entire right, title and interest in and to the inventions and the Application for Letters Patent of 

the United States, and in and to any Letters Patent of the United States to be obtained therefor 

and thereon. 

NOW, THEREFORE, in consideration of One Dollar ($1.00) and other good and 

sufficient consideration, the receipt of which is acknowledged, Assignors have sold, assigned, 

transferred and set over, and do sell, assign, transfer and set over, unto Assignee, its successors, 

legal representatives and assigns, the entire right, title and interest in and to the above­

mentioned inventions and application for Letters Patent, and in and to any and all direct and 

indirect divisions, continuations and continuations-in-part of the application, and any and all 

Letters Patent in the United States and all foreign countries which may be granted therefor and 

thereon, and reissues, reexaminations and extensions of said Letters Patent, and all rights under 

the-International Convention for the Protection oflndustrial Property, same to be held and 

enjoyed by Assignee, for its own use and benefit and the use and benefit of its successors, legal 

representatives and assigns, to the full end of the term or terms for which Letters Patent may be 

granted and/or extended, as fully and entirely as the same would have been held and enjoyed by 

Assignors, had this sale and assignment not been made. 

5976654v.2 47005/P040WUSC2 
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AND for the same consideration, Assignors represent and warrant to Assignee, its 

successors, legal representatives and assigns, that, at the time of execution and delivery of these 

presents, except for any rights, titles and/or interests that have arisen to Assignee under law or 

that have already been transferred to Assignee, Assignors are the sole and lawful owners of the 

entire tight, title and interest in and to the inventions and application for Letters Patent above­

mentioned, and that same are unencumbered and that Assignors have good and full right and 

lawful authority to sell and convey same in the manner set forth in this Assignment. 

AND for the same consideration, Assignors covenant and agree to and with 

Assignee, its successors, legal representatives and assigns, that Assignors will sign all papers 

and documents, take all lawful oaths and do all acts necessary or required to be done for the 

procurement, maintenance, enforcement and defense of any Letters Patent and applications for 

Letters Patent for said inventions, without charge to Assignee, its successors, legal 

representatives and assigns, whenever counsel of Assignee, or counsel of its successors, legal 

representatives and assigns, does advise: that any proceeding in connection with the 

inventions, or Patent application for Letters Patent, or any proceeding in connection with any 

Letters Patent or applications for Letters Patent for the inventions in any country, including but 

not limited to interference proceedings, is lawful and desirable; or, that any division, 

continuation or continuation-in-part of any application for Letters Patent, or any reissue, 

reexamination or extension of any Letters Patent, to be obtained thereon, is lawful and 

desirable. 

AND Assignors request the Commissioner of Patent and Trademarks to issue 

Letters Patent of the United States to Assignee, as Assignee of inventions and the Letters Patent 

to be issued thereon, for the sole use and benefit of Assignee, its successors, legal 

representatives and assigns. 

AND Assignors hereby grant the following individuals the power to insert on this 

Assignment any fmiher identification that may be necessary or desirable in order to comply 

with the rules of the United States Patent and Trademark Office for recordation of this 

document: 

WINSTEAD PC 

All practitioners at Customer Number 61060 

2 
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AND Assignors acknowledge an obligation of assigmnent of this invention to 

Assignee at the time the invention was made. 

3 
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Date Iosep M:urnbtu 

Witness: 

Date 
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/1 / r ll olj 
Date ~ 

Witness~ 

Date· 

5976654v2 47005/P040WUSC2 5 
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Date 

Witness: 
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Date Ca:des Puente 

Witness: 

Date ' \w't1A ~ 
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I hereby certify that this paper (along with any paper referred to as being attached 
or enclosed) is being transmitted via the Office electronic filing system in 
accordance with 37 CFR § 1.6(a)(4). 

Dated: April 22, 2013 
Electronic Signature for Shoaib A. Mithani: /Shoaib A. Mithani/ Docket No.: 47005-P040WUSC2 

(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Joseph Mumbru et al. 

Application No.: 13/718,348 

Filed: December 18, 2012 

For: HANDHELD DEVICE WITH TWO 
ANTENNAS, AND METHOD OF 
ENHANCING THE ISOLATION BETWEEN 
THE ANTENNAS 

Confirmation No.: 8109 

Art Unit: 2821 

Examiner: Not Yet Assigned 

RESPONSE TO NOTICE TO FILE CORRECTED APPLICATION PAPERS 

MS Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Madam: 

In response to the Notice to File Corrected Application Papers - Filing Date Granted 

mailed January 23, 2013, Applicant respectfully submits a Substitute Specification (marked up 

and clean versions), Drawing(s) (45 figures, 23 pages), and a Petition for Extension of Time. 

Applicant submitted the executed declaration on February 1, 2013 and paid the required 

fee amount of $130.00. 

Pleasae charge Deposit Account No. 23-2426 in the amount of $200.00 for the one month 

extension of time. The Director is hereby authorized to charge any deficiency in the fees filed, 

asserted to be filed or which should have been filed herewith ( or with any paper hereafter filed in 

this 
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Application No.: 13/718,348 Docket No.: 47005-P040WUSC2 

application by this firm) to our Deposit Account No. 23-2426, under Order No. 47005-

P040WUSC2. 

Dated: April 22, 2013 

6035937v.1 47005-P040WUSC2 

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 

2 
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Electronic Patent Application Fee Transmittal 

Application Number: 13718348 

Filing Date: 18-Dec-2012 

Title of Invention: 
HAN DH ELD DEVICE WITH TWO ANTENNAS, AND METHOD OF ENHANCING 
THE ISOLATION BETWEEN THE ANTENNAS 

First Named Inventor/Applicant Name: Josep Mumbru 

Filer: Shoaib Amirali Mithani 

Attorney Docket Number: 47005-P040WUSC2 

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Extension - 1 month with $0 paid 1251 1 200 200 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

Total in USD ($) 200 
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Electronic Acknowledgement Receipt 

EFSID: 15574709 

Application Number: 13718348 

International Application Number: 

Confirmation Number: 8109 

Title of Invention: 
HAN DH ELD DEVICE WITH TWO ANTENNAS, AND METHOD OF ENHANCING 
THE ISOLATION BETWEEN THE ANTENNAS 

First Named Inventor/Applicant Name: Josep Mumbru 

Customer Number: 61060 

Filer: Shoaib Amirali Mithani 

Filer Authorized By: 

Attorney Docket Number: 47005-P040WUSC2 

Receipt Date: 22-APR-2013 

Filing Date: 18-DEC-2012 

Time Stamp: 12:37:26 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $200 

RAM confirmation Number 11057 

Deposit Account 232426 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees) 
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Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

231081 

1 Specification 
6036105_ 1-CleanVersion - 1. 

46 
PDF 

no 
a2 6781 de 1 e 1f868e916e4d 24ef682d 85 d d4 

7ed77 

Warnings: 

Information: 

237683 

2 Specification 6036109_ 1-MarkedUp_2.PDF no 46 
d3c45c084b563f1 abd03885b5c8c32d457b 

3f1f4 

Warnings: 

Information: 

4229688 

3 
Drawings-only black and white line 

6037515_ 1-Drawings_3.PDF no 23 
drawings 

c88111ca93558f6431 ad8656f5e5b2c76d2t 
9bf7 

Warnings: 

Information: 

22169 

4 Extension of Time 
6037264_1-

ExtensionOfTime_ 4.PDF 
no 1 

89257d7dc88de84 708611058827a6c3a3c8 
1c997 

Warnings: 

Information: 

20091 

5 Miscellaneous Incoming Letter 6037265_ 1-Response_5.PDF no 2 
7165b28ad4148fa8165ed51 b 1 aa7f3c4875 

702f9 

Warnings: 

Information: 

30538 

6 Fee Worksheet (SB06) fee-info.pdf no 2 
edfac864b4bdb82b4bf5b788f08af76a20e2 

d24d 

Warnings: 

Information: 

Total Files Size (in bytes) 4771250 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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CLEAN VERSION OF SUBSTITUTE SPECIFICATION 

HANDHELD DEVICE WITH TWO ANTENNAS, AND METHOD OF 

ENHANCING THE ISOLATION BETWEEN THE ANTENNAS 

5 Object of the invention 

10 

The present invention relates to a handset and generally to any handheld 

device, which includes an antenna for receiving and transmitting 

electromagnetic wave signals. 

It is an object of the present invention to provide a handset or handheld device 

(such as, for instance, a mobile phone, a smartphone, a PDA, an MP3 player, a 

headset, a USB dongle, a laptop, a PCMCIA or Cardbus 32 card), which 

comprises a first antenna (for example, an antenna for mobile 

15 communications), and a second antenna (for mobile communications, and/or 

for at least one wireless connectivity service), said second antenna being a slot 

antenna. The second antenna can require a very small area on the printed 

circuit board (PCB) of the hand-held device. 

20 Another aspect of the invention relates to a technique to obtain good isolation 

between said first antenna and said second antenna. According to the present 

invention, good isolation between the antennas included in the handset or 

handheld device can be obtained by appropriately choosing the placement 

and orientation on the PCB of each one of the antennas comprised in the 

25 handset or handheld device, and/or by acting on the PCB (or, rather, on a 

conductive layer of the PCB, such as a metal layer of the PCB acting as a 

ground-plane for one or both of the antennas) of the handset or handheld 

device to reduce the electromagnetic coupling between antennas, and/or by 

other means 

30 
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Background of the invention 

The current trend in the sector of mobile phone manufacturers, and more 

generally handheld device manufacturers, is to incorporate added value 

5 wireless services, such as connectivity functionality and geolocalization (such 

as for example, but not limited to Bluetooth ™, IEEE802.11 a, IEEE802.11 b, 

IEEE802.11 g, WLAN, WiFi, UWB, ZigBee, GPS, Galileo, SDARs, XDARS, 

WiMAX, DAB, FM, DVB-H, or 0MB) in more and more of their products. An 

antenna arranged or configured to operate effectively in a frequency band 

1 0 suitable for one or more of these services or standards is sometimes referred to 

as a "wireless connectivity antenna" in this document. 

In some cases, these handheld devices also operate in at least one frequency 

band used for mobile communication services, such as GSM (GSM850, 

15 GSM900, GSM1800, American GSM or PCS1900, GSM450), UMTS, WCDMA, 

or CDMA, apart from having the ability to operate in the frequency band 

corresponding to the wireless connectivity service. 

Although it is possible to integrate all the operating bands of a particular 

handheld device in a single antenna, the trend in the handset manufacturing 

20 industry shows that it is preferred to have two separate antennas: A first 

antenna is used for the bands of the selected mobile communication services 

(such as, for example, GSM), and a second antenna is used to allow the device 

to operate at an additional communication service (such as, for instance, 

UMTS) or at the frequency bands of a wireless connectivity standard (such as, 

25 for example, WLAN or Bluetooth ™). 

30 

Using two separate antennas presents some advantages: 

• It can make the design of each one of the antennas easier, as a single 

multiband antenna covering all the bands of operation of the handset 

would require a more complicated design. 
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• It also simplifies the radiofrequency (RF) front-end for each one of the 

two antennas. If there is only one single antenna, the RF front-end to 

which the antenna is connected would have to include a diplexer or 

multiplexer capable of separating the frequency bands corresponding to 

the different services, for example, separating the mobile communication 

frequency bands from the wireless connectivity frequency bands. 

• Moreover, it offers more flexibility in the design of the PCB that carries 

the electronic components and circuitry of the handset or handheld 

device. In many cases, a PCB designer will preferably lay out the 

module or chipset providing the wireless connectivity functionality, and 

the module or chipset for the mobile communication services, in different 

parts of the PCB. 

The first antenna can typically be, for instance and without limitation, a 

monopole antenna, an inverted-F antenna (IFA), a patch antenna, or a planar 

inverted-F antenna (PIFA). Some known solutions for said second antenna 

include antennas printed on the PCB of the device (such as, for example, but 

20 not limited to, a printed IFA), or an antenna component, or a chip antenna. 

However, the integration in a handset of a second antenna dedicated to the 

wireless connectivity services is not trivial. As the space available on the PCB 

of the device is scarce, antenna solutions with small footprints are 

25 advantageous. Printed antennas are typically not small in size, since their 

dimensions are approximately a quarter of an operating wavelength of the 

antenna. Chip antennas may achieve some degree of miniaturization (for 

instance, by loading the antenna with a material with high dielectric constant), 

however, in many cases, they exhibit poor matching levels, and limited 

30 bandwidth, efficiency and/or gain. 
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One additional problem that further complicates the integration of the wireless 

connectivity antenna in a handset or handheld device is the low isolation that is 

usually obtained between this antenna and the antenna used for mobile 

communications. 

lnterband isolation can be improved by separating the two antennas further 

apart, although this might not be practical in typical handsets due to their small 

size and due to the limited positions that are available to integrate the wireless 

connectivity antenna. This is the case especially for more recent handset 

1 O topologies, like for example flip-type (also known as clamshell) phones and 

slider-type phones (as the one schematically illustrated in Figs. 1 (A-B)). As an 

alternative, a filter can be used to achieve the required level of isolation 

between antennas within the operating bands. However, this approach implies 

adding extra components on the PCB, thus using up more space on the PCB of 

15 the device, and resulting in an increase in cost of the handset. 

A conventional handset that includes an antenna for mobile communications 

and an antenna for wireless connectivity is depicted in Fig. 2. For this example, 

the handset has been selected to have a slider-type topology as schematically 

20 illustrated in Figs. 1 (A-B). A slider-type handset comprises typically a first PCB 

(100) placed substantially above and parallel to a second PCB (102). The first 

PCB (100) has the ability to slide above the second PCB (102), so that the 

handset can be in a closed position, as shown in Fig. 1 A or in an open position, 

as shown in Fig. 1 B. Generally, the first PCB (100) and the second PCB (102) 

25 are electrically connected, for example by means of a flexible conductive film 

(not illustrated in Figs. 1 (A-B)). An antenna 101 is mounted at one end of the 

first PCB. In this case, the antenna is a Planar lnverted-F Antenna (PIFA), with 

a short-circuit (101 B) to the ground-plane (in this case, to a conductive metal 

layer of the PCB) and with a feeding point (101 A) close to said short-circuit. 

30 
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For the purpose of the example illustrated in Fig. 2, the handset comprises a 

first antenna (201 ), placed on the top part of the first PCB (200), that operates 

at the frequency bands for mobile communications, and a second antenna 

(202) placed on the bottom right corner of the PCB (200) that operates at the 

5 frequency bands of the wireless connectivity services. The first antenna has a 

feeding point (201 A) and a short-circuit (201 B) to ground (namely, to a 

conductive metal layer of the PCB 200, constituting a ground-plane for the 

antenna). For illustrative purposes, in the example illustrated in Fig. 2, the 

second antenna (202) is a surface mount technology (SMT) component 

1 O mounted on the PCB (200), although it could have been replaced by, for 

example, an antenna printed on the PCB (200). 

Some typical electrical results for the handset of Fig. 2 are shown without any 

limiting purpose in Figs. 3(A-B). Fig. 3A presents typical results of the input 

15 parameters of the antennas (i.e., return losses of each antenna, and isolation 

between antennas) when the slider-type phone is in the closed position, while 

Fig. 3B presents the typical results of the antennas when the phone is in the 

open position. In this example, the first antenna (201) was designed to have a 

multiband behavior, with a first resonance around 900MHz to provide coverage 

20 for the GSM900 service, and a second resonance around 1900MHz to provide 

service to the GSM1800 and GSM1900 services. On the other hand, the 

second antenna was designed to be tuned in the 2500MHz band. These 

frequency ranges have been selected just to illustrate the example, but the 

antennas could work in any frequency band included in the range from 

25 approximately 400MHz to approximately 12GHz, including any subinterval. The 

isolation between the first antenna (201) and the second antenna (202) is 20dB 

in the 900MHz band, 18dB in the 1900MHz band. The isolation degrades to 

17dB at the center of the resonance of the second antenna around 2600MHz. 

30 

Space Filling Curves 
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In some embodiments of the invention, at least one antenna of the antennas 

included in the handset or handheld device may be miniaturized by shaping at 

least a portion of the conducting trace, conducting wire or contour of a 

5 conducting sheet of the antenna (e.g., a part of the arms of a dipole, the 

perimeter of the patch of a patch antenna, the slot in a slot antenna, the loop 

perimeter in a loop antenna, or other portions of the antenna) as a space-filling 

curve (SFC). 

1 0 An SFC is a curve that is large in terms of physical length but small in terms of 

the area in which the curve can be included. More precisely, for the purposes of 

this patent document, an SFC is defined as follows: a curve having at least five 

segments, or identifiable sections, that are connected in such a way that each 

segment forms an angle with any adjacent segments, such that no pair of 

15 adjacent segments defines a larger straight segment. In addition, an SFC does 

not intersect with itself at any point except possibly the initial and final point 

(that is, the whole curve can be arranged as a closed curve or loop, but none of 

the lesser parts of the curve form a closed curve or loop). 

20 A space-filling curve can be fitted over a flat or curved surface, and due to the 

angles between segments, the physical length of the curve is larger than that of 

any straight line that can be fitted in the same area (surface) as the space-filling 

curve. Additionally, to shape the structure of a miniature antenna, the segments 

of the SFCs should be shorter than at least one fifth of the free-space operating 

25 wavelength, and possibly shorter than one tenth of the free-space operating 

wavelength. The space-filling curve should include at least five segments in 

order to provide some antenna size reduction, however a larger number of 

segments may be used. In general, the larger the number of segments and the 

narrower the angles between them, the smaller the size of the final antenna. 

30 
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Box-Counting Curves 

In other embodiments of the invention, at least one antenna of the antennas 

included in the handset or handheld device may be miniaturized by shaping at 

5 least a portion of the conducting trace, conducting wire or contour of a 

conducting sheet of the antenna to have a selected box-counting dimension. 

For a given geometry lying on a surface, the box-counting dimension is 

computed as follows. First, a grid with substantially square identical cells or 

1 0 boxes of size L 1 is placed over the geometry, such that the grid completely 

covers the geometry, that is, no part of the curve is out of the grid. The number 

of boxes N1 that include at least a point of the geometry are then counted. 

Second, a grid with boxes of size L2 (L2 being smaller than L 1) is also placed 

over the geometry, such that the grid completely covers the geometry, and the 

15 number of boxes N2 that include at least a point of the geometry are counted. 

The box-counting dimension D is then computed as: 

D = _ Iog(N2) - Iog(Nl) 

Iog(L2) - log(Ll) 

20 For the purposes of the antennas included in the handset or handheld device 

described herein, the box-counting dimension may be computed by placing the 

first and second grids inside a minimum rectangular area enclosing the 

conducting trace, conducting wire or contour of a conducting sheet of the 

antenna and applying the above algorithm. The first grid should be chosen 

25 such that the rectangular area is meshed in an array of at least 5 x 5 boxes or 

cells, and the second grid should be chosen such that L2 = 1 /2 L and such that 

the second grid includes at least 1 0 x 1 0 boxes. The minimum rectangular area 

is an area in which there is not an entire row or column on the perimeter of the 

grid that does not contain any piece of the curve. 

30 
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The desired box-counting dimension for the curve may be selected to achieve a 

desired amount of miniaturization. The box-counting dimension should be 

larger than 1 .1 in order to achieve a substantial antenna size reduction. If a 

larger degree of miniaturization is desired, then a larger box-counting 

5 dimension may be selected, such as a box-counting dimension ranging from 

1.5 to 3. For the purposes of this patent document, curves in which at least a 

portion of the geometry of the curve has a box-counting dimension larger than 

1.1 are referred to as box-counting curves. 

1 O For very small antennas, for example antennas that fit within a rectangle the 

longest side of which does not exceed one-twentieth the longest free-space 

operating wavelength of the antenna, the box-counting dimension may be 

computed using a finer grid. In such a case, the first grid may include a mesh of 

1 O x 1 O equal cells, and the second grid may include a mesh of 20 x 20 equal 

15 cells. The box-counting dimension (D) may then be calculated using the above 

equation. 

In general, for a given resonant frequency of the antenna, the larger the box­

counting dimension, the higher the degree of miniaturization that will be 

20 achieved by the antenna. One way to enhance the miniaturization capabilities 

of the antenna is to arrange the several segments of the curve of the antenna 

pattern in such a way that the curve intersects at least one point of at least 14 

boxes of the first grid with 5 x 5 boxes or cells enclosing the curve. If a higher 

degree of miniaturization is desired, then the curve may be arranged to cross at 

25 least one of the boxes twice within the 5 x 5 grid, that is, the curve may include 

two non-adjacent portions inside at least one of the cells or boxes of the grid. 

Figs. 17(A-B) illustrates an example of how the box-counting dimension of a 

curve (1700) is calculated. The example curve (1700) is placed under a 5 x 5 

30 grid (1701) and under a 1 O x 1 O grid (1702). As illustrated, the curve (1700) 

touches N1=25 boxes in the 5 x 5 grid (1701) and touches N2=78 boxes in the 
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1 Ox 1 0 grid (1702). In this case, the size of the boxes in the 5 x 5 grid (1701) is 

twice the size of the boxes in the 1 0 x 1 0 grid (1702). By applying the above 

equation, the box-counting dimension of the example curve (1700) may be 

calculated as 0=1.6415. In addition, further miniaturization is achieved in this 

5 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-adjacent segments of the curve. More specifically, the curve 

(1700) in the illustrated example crosses twice in 13 boxes out of the 25 boxes. 

1 O Grid Dimension Curves 

In some embodiments of the invention, at least one antenna of the antennas 

included in the handset or handheld device may be miniaturized by shaping at 

least a portion of the conducting trace, conducting wire or contour of a 

15 conducting sheet of the antenna to include a grid dimension curve. 

For a given geometry lying on a planar or curved surface, the grid dimension of 

curve may be calculated as follows. First, a grid with substantially identical cells 

of size L 1 is placed over the geometry of the curve, such that the grid 

20 completely covers the geometry, and the number of cells N1 that include at 

least a point of the geometry are counted. Second, a grid with cells of size L2 

(L2 being smaller than L 1) is also placed over the geometry, such that the grid 

completely covers the geometry, and the number of cells N2 that include at 

least a point of the geometry are counted again. The grid dimension D 

25 (sometimes also referred to as D9) is then computed as: 

D = _ Iog(N2) - Iog(Nl) 

Iog(L2) - log(Ll) 

For the purposes of the antennas included in the handset or handheld device 

30 described herein, the grid dimension may be calculated by placing the first and 
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second grids inside the minimum rectangular area enclosing the curve of the 

antenna and applying the above algorithm. The minimum rectangular area is an 

area in which there is not an entire row or column on the perimeter of the grid 

that does not contain any piece of the curve. 

The first grid may, for example, be chosen such that the rectangular area is 

meshed in an array of at least 25 substantially equal cells. The second grid 

may, for example, be chosen such that each cell of the first grid is divided in 4 

equal cells, such that the size of the new cells is L2 = ½ L 1, and the second 

1 O grid includes at least 100 cells. 

The desired grid dimension for the curve may be selected to achieve a desired 

amount of miniaturization. The grid dimension should be larger than 1 in order 

to achieve some antenna size reduction. If a larger degree of miniaturization is 

15 desired, then a larger grid dimension may be selected, such as a grid 

dimension ranging from 1.5 - 3 (e.g., in case of volumetric structures). In some 

examples, a curve having a grid dimension of about 2 may be desired. For the 

purposes of this patent document, a curve having a grid dimension larger than 

1 is referred to as a grid dimension curve. 

20 

In general, for a given resonant frequency of the antenna, the larger the grid 

dimension, the higher the degree of miniaturization that will be achieved by the 

antenna. One example way of enhancing the miniaturization capabilities of the 

antenna is to arrange the several segments of the curve of the antenna pattern 

25 in such a way that the curve intersects at least one point of at least 50% of the 

cells of the first grid with at least 25 cells enclosing the curve. In another 

example, a high degree of miniaturization may be achieved by arranging the 

antenna such that the curve crosses at least one of the cells twice within the 

25-cell grid, that is, the curve includes two non-adjacent portions inside at least 

30 one of the cells or cells of the grid. 
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Fig. 18 shows an example of a two-dimensional antenna forming a grid 

dimension curve 1800 with a grid dimension of approximately two. Fig. 19 

shows the antenna of Fig. 18 enclosed in a first grid 1900 having thirty-two (32) 

square cells, each with a length L 1. Fig. 20 shows the same antenna enclosed 

5 in a second grid 2000 having one hundred twenty-eight (128) square cells, 

each with a length L2. The length (L 1) of each square cell in the first grid is 

twice the length (L2) of each square cell in the second grid (L 1 = 2 x L2). An 

examination of Fig. 19 and Fig. 20 reveals that at least a portion of the antenna 

is enclosed within every square cell in both the first and second grids. 

1 0 Therefore, the value of N1 in the above grid dimension (D, sometimes also 

referred to as D9) equation is thirty-two (32) (i.e., the total number of cells in the 

first grid), and the value of N2 is one hundred twenty-eight (128) (i.e., the total 

number of cells in the second grid). Using the above equation, the grid 

dimension of the antenna may be calculated as follows: 

15 

log(l28) - log(32) = 
2 

log(2 x LI) - log(Ll) 

For a more accurate calculation of the grid dimension, the number of square 

cells may be increased up to a maximum amount. The maximum number of 

20 cells in a grid is dependent 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 more than the maximum number of cells is selected, 

however, then the accuracy of the grid dimension calculation begins to 

decrease. Typically, the maximum number of cells in a grid is one thousand 

25 (1000). 

For example, Fig. 21 shows the same antenna as that of Fig. 18 enclosed in a 

third grid 2100 with five hundred twelve (512) square cells, each having a 

length L3. The length (L3) of the cells in the third grid is one half the length (L2) 

30 of the cells 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 
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value of N for the second grid is one hundred twenty-eight (128). An 

examination of Fig. 21, however, reveals that the antenna is enclosed within 

only five hundred nine (509) of the five hundred twelve (512) cells of the third 

grid. Therefore, the value of N for the third grid is five hundred nine (509). Using 

5 Fig. 20 and Fig. 21, a more accurate value for the grid dimension (D9) of the 

antenna may be calculated as follows: 

10 

log(509) -log(l28) ""1.
9915 

log(2 x L2) - log(L2) 

Multilevel Structures 

In some examples, at least a portion of the conducting trace, conducting wire or 

conducting sheet of at least one antenna of the antennas included in the 

15 handset or handheld device may be coupled, either through direct contact or 

electromagnetic coupling, to a conducting surface, such as a conducting 

polygonal or multilevel surface. A multilevel structure is formed by gathering 

several geometrical elements, such as polygons or polyhedrons of the same 

type (e.g., triangles, parallelepipeds, pentagons, hexagons, circles or ellipses -

20 in this context, circles and ellipses are considered to be polygons with a large 

number of sides-, as well as tetrahedral, hexahedra, prisms, dodecahedra, etc.) 

and coupling electromagnetically at least some of such geometrical elements to 

one or more other elements, whether by proximity or by direct contact between 

elements. The majority of the elements forming part of a multilevel structure 

25 have more than 50% of their perimeter (for polygon and surface like elements) 

not in contact with any of the other elements of the structure. Thus, the 

elements of a multilevel structure may typically be identified and distinguished, 

presenting at least two levels of detail: that of the overall structure and that of 

the polygon or polyhedron elements that form it. 

30 
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Additionally, several multilevel structures may be grouped and coupled 

electromagnetically to each other to form higher-level structures. In a single 

multilevel structure, all of the component elements are polygons with the same 

number of sides or are polyhedrons with the same number of faces. However, 

5 this characteristic is not present when several multilevel structures of different 

natures are grouped and electromagnetically coupled to form meta-structures 

of a higher level. 

A multilevel antenna includes at least two levels of detail in the body of the 

1 O antenna: that of the overall structure and that of the majority of the elements 

(polygons or polyhedrons) which make it up. This may be achieved by ensuring 

that the area of contact or intersection (if it exists) between the majority of the 

elements forming the antenna is only a fraction of the perimeter or surrounding 

area of said polygons or polyhedrons. 

15 

One property of multilevel antennae is that the radioelectric behavior of the 

antenna can be similar in more than one frequency band. Antenna input 

parameters (e.g., impedance and radiation pattern) remain similar for several 

frequency bands (i.e., the antenna has the same level of adaptation or standing 

20 wave relationship in each different band), and often the antenna presents 

almost identical radiation diagrams at different frequencies. The number of 

frequency bands is proportional to the number of scales or sizes of the 

polygonal elements or similar sets in which they are grouped contained in the 

geometry of the main radiating element. 

25 

In addition to their multiband behavior, multilevel structure antennae may have 

a smaller than usual size as compared to other antennae of a simpler structure 

(such as those consisting of a single polygon or polyhedron). Additionally, the 

edge-rich and discontinuity-rich structure of a multilevel antenna may enhance 

30 the radiation process, relatively increasing the radiation resistance of the 

antenna and reducing the quality factor Q (i.e., increasing its bandwidth). 
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A multilevel antenna structure may be used in many antenna configurations, 

such as dipoles, monopoles, patch or microstrip antennae, coplanar antennae, 

reflector antennae, wound antennae, antenna arrays, or other antenna 

5 configurations. In addition, multilevel antenna structures may be formed using 

many manufacturing techniques, such as printing on a dielectric substrate by 

photolithography (printed circuit technique); dieing on metal plate, repulsion on 

dielectric, or others. 

1 O Summary of the invention 

15 

The invention relates to a device and method as defined in the independent 

claims. Some embodiments of the invention are defined in respective 

dependent claims. 

The present invention relates inter alia to a handset or handheld device (such 

as for instance a mobile phone, a smartphone, a PDA, a MP3 player, a 

headset, a USB dongle, a laptop, a PCMCIA or Cardbus 32 card), which 

comprises a first antenna for mobile communications (hereinafter also referred 

20 to as the mobile antenna), and a second antenna for at least a mobile 

communication service or a wireless connectivity service (hereinafter also 

referred to as the wireless connectivity antenna), wherein the said second 

antenna is a slot antenna. The slot antenna can require a very small area on 

the PCB. 

25 

Slot antennas have conventionally not been considered appropriate for wireless 

handheld devices. Normally, conventional monopole antennas, patch 

antennas, inverted-F antennas (IFAs) and planar inverted-F antennas (PIFAs) 

have been considered more appropriate, maybe due to issues such as 

30 radiation efficiency and/or tradition. 
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However, it has been found that the use of a slot antenna as the wireless 

connectivity antenna for a handset or handheld device according to the present 

invention can be advantageous because: 

• it has a low profile and uses very little space of the PCB; 

• it is less sensitive to the size, shape or form factor of the PCB on which it 

is printed, etched, or mounted as an SMT component (see below). This 

can be particularly interesting for flip-type and slider-type 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; 

and/or 

• it can be polarized along a direction that is substantially orthogonal to 

the polarization of the mobile antenna. 

Actually, using a second antenna in the form of a slot antenna can be preferred 

15 inter alia in order to increase the isolation between the antennas. One reason 

for this is that in order to increase isolation, it can be advantageous to establish 

the at least two antennas so that the polarization of the radiation of one of the 

antennas is substantially orthogonal to the polarization of the radiation of 

another of said antennas. 

20 

At a fist look, it could seem that this could also be easily accomplished by 

using, for example, two monopole antennas, directed in appropriate directions 

so as to establish an orthogonal relationship between the polarization of their 

radiations. However, a problem involved with hand-held devices is that the 

25 radiation of an antenna is substantially conditioned by the ground-plane, that is, 

normally, by at least one conductive layer of the PCB. In practice, normally both 

antennas are placed on the same ground-plane, therefore obtaining 

substantially orthogonally polarized radiation using two antennas of the same 

type can be a difficult task, due to the influence of the common groundplane. 

30 Contrarily, when one of the antennas is a slot antenna, the radiation from said 
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antenna will depend substantially less on the ground-plane, thus facilitating 

obtaining the above-mentioned orthogonally polarized radiation. 

In the present document, the expression "mobile antenna" and similar are used 

5 to refer to an antenna arranged to operate in a band corresponding to a mobile 

communication service, such as one of the mobile communication services 

mentioned above (GSM -GSM850, GSM900, GSM1800, American GSM or 

PCS1900, GSM450-, UMTS, WCDMA, and CDMA). In some embodiments of 

the invention, the expression "mobile antenna" refers to an antenna arranged 

1 0 for or capable of fully functioning or operating in one, two, three or more 

communication standards, and in particular mobile or cellular communication 

standards, each standard allocated in one or more frequency bands. In some 

embodiments of the invention, each of said frequency bands is fully contained 

within one of the following regions of the electromagnetic spectrum: 

15 the 810MHz - 960MHz region, 

the 1710MHz - 1990MHz region, 

and the 1900MHz - 2170MHz region. 

The expression "wireless connectivity antenna" as used in this document is 

20 defined further above. In some embodiments of the invention, the expression 

"wireless connectivity antenna" refers to an antenna arranged for or capable of 

fully functioning or operating in one, two, three or more communication 

standards, and in particular wireless connectivity standards, each standard 

allocated in one or more frequency bands. In some embodiments of the 

25 invention, each of said frequency bands is contained within one of the following 

regions of the electromagnetic spectrum, indicated as examples and without 

limitation: 

• Industrial, Scientific, Medical (ISM) unlicensed bands, like for example 

30 the 915MHz ISM band (902-928 MHz), 2.4GHz ISM band (2400-2500 MHz), 

or 5.7GHz ISM band (5650-5925 MHz). 
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• Unlicensed general telemetry bands, like for example the 433.05-

434. 79MHz band, or the 868-870MHz band. 

According to the present invention, good isolation between antennas can be 

5 obtained by appropriately choosing the orientation on the PCB, and by 

selecting the antenna type (i.e., whether a given antenna substantially 

behaves as an electric current source, or as a magnetic current source) for 

each one of the antennas comprised in the handset or handheld device. In 

the present invention, slot antennas can be considered to substantially 

1 0 behave as magnetic current sources; when fed across the slot, an electric 

field is established over the slot (and electric currents are flowing along the 

edges of the slot), and an equivalent magnetic field is established 

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

15 In some cases, wherein the first antenna substantially behaves as an electric 

current source (such as for instance, but not limited to, a monopole antenna) 

and the second antenna substantially behaves as a magnetic current source 

(for instance, but not limited to, a slot antenna), good isolation between said 

first antenna and said second antenna can be obtained when the electric 

20 currents excited on at least a portion of the PCB (in this context, when 

referring to the PCB, reference is actually made to a conductive layer of the 

PCB, normally constituting a ground-plane of the handheld device) by the 

radiating mode of said first antenna are substantially parallel to the equivalent 

magnetic currents excited on at least a portion of the extension of said 

25 second antenna. 

In other cases, wherein the first and second antenna both behave as 

magnetic current sources, good isolation between said first antenna and 

second antenna is achieved when the magnetic currents excited on at least a 

30 portion of the extension of the first antenna are substantially orthogonal to the 
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magnetic currents excited on at least a portion of the extension of the second 

antenna. 

In order to improve isolation, the antennas can be placed separated as much 

5 as possible within the handset. In order to improve isolation, the antennas 

can be oriented with respect to each other so as to minimize coupling 

between the antennas. For example, the slot antenna can be placed on the 

PCB so that it is arranged substantially parallel to the currents induced in the 

PCB (in the ground-plane or conductive layer of the PCB) by the first 

1 0 antenna. This can imply, for example, arranging the slot (or slots) of the 

second antenna to be substantially or generally parallel to one of the sides of 

the ground-plane, for example, the longer sides of a substantially rectangular 

ground-plane. 

15 In this document, an antenna or the slot of a slot antenna is considered to 

extend (to be oriented) in the direction corresponding to the general 

longitudinal axis of symmetry of the smallest rectangle in which the radiating 

element of the antenna can be inscribed. Also, in this document, two 

directions are considered to be substantially parallel if they form an angle of 

20 less than or equal to approximately 30 degrees. Two directions are 

considered to be substantially orthogonal if they form an angle of not less 

than approximately 60 degrees and not more than approximately 120 

degrees. 

25 It can be advantageous to have the slot arranged so that at least two, three, 

four or more portions of the slot are parallel to each other. This may apply to 

straight and to non-straight segments. With this parallel arrangement, very 

compact antennas can be achieved, occupying less space. 

30 The slot antenna can be implemented as a slot printed on or etched in the 

ground plane of the PCB, while in other cases the slot will be contained in a 
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surface mount technology (SMT) type component mounted on the PCB of the 

handset or handheld device. When the slot is contained in a SMT type 

component, said component will comprise a conducting surface on which the 

slot is created. The SMT type component will provide at least one contact 

5 terminal accessible from the exterior of said SMT component to electrically 

connect said conducting surface with the ground plane of the PCB. In some 

embodiments, this contact terminal can take the form of a pad, or a pin, or a 

solder ball. It will be advantageous in some cases to define, on the PCB, a 

region of clearance of ground plane on the orthogonal projection of the 

1 0 component on the PCB on which it is mounted. In other cases, there will be 

ground plane on a portion of the orthogonal projection of the SMT component 

on the PCB, but not under the orthogonal projection of the slot on said PCB. 

Yet in other embodiments, there will be ground plane also in a portion of the 

15 orthogonal projection of said slot on the PCB. In some examples, the fraction of 

the projection of the slot occupied by ground plane will be less than, or 

approximately equal to, 50%, 40%, 30%, 25%, 20%, 10% or 5% of the 

projection of the slot on the PCB. 

20 A slot antenna integrated in an SMT component can be useful for minimizing 

the ground plane clearance region needed on the PCB. Embedding a slot 

antenna in a discrete SMT component can be difficult due to the necessity to 

ensure good grounding of the conducting sheet in which the slot has been 

created, and to the complexity to couple the feeding signal into the SMT 

25 component. 

30 

Some SMT component comprising slot antennas that can be used for the 

present invention are disclosed in PCT/EP06/062285, the content of which is 

incorporated herein, by reference. 
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Accordingly, SMT-type slot-antenna component useful in the present invention 

can comprise: 

■ at least one conductive surface (different from the conductive surface of 

the ground plane of the PCB) or a sheet of metal in which the pattern of 

a slot is created; and 

■ at least one contact terminal (also referred to as grounding terminal) 

accessible from the exterior of said component to electrically connect 

the conductive surface included in the slot-antenna component with the 

ground plane of the PCB. 

With this component it is possible to provide a slot antenna as a separate 

component which can be connected from the outside. The antenna may further 

comprise: 

■ at least one contact terminal (hereinafter referred to as feeding terminal) 

to couple an electrical signal from the outside of the SMT-type slot­

antenna component with the slot defined in said at least one conductive 

surface. 

It will in principle also be possible to couple a feeding signal into the component 

indirectly by a capacitive or inductive coupling. For a good feeding, however, a 

direct electrical connection can be preferred. This can be achieved by the 

feeding terminal. In any case, the component does not need to have any 

25 internal means for generating an RF signal with which the antenna may be fed. 

30 

Further, it can be preferred that the component further comprises a 

■ dielectric substrate that backs said at least one conductive surface or 

sheet of metal, or in which said at least one conducting surface or sheet 

of metal is embedded. 
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The dielectric substrate allows for the backing of thin metal layers and is a 

widely used technique for the preparation of components for the electronics 

industry. 

The terms sheet of metal and conductive surface are used as synonyms in the 

present document and relate to a conductive layer that can be supported by a 

circuit board or a piece of metal (for example, a rigid piece) such as e.g. a 

stamped metal piece. 

Additional pads may be provided which are not electrically connected inside the 

component or to the ground plane or a feeding element of the circuit board. 

Those pads may be useful fore mechanically holding the antenna component 

by the solder connection at that pad between the component and the circuit 

15 board. 

In some embodiments according to the present invention, the SMT component 

can also include one or several electronic elements or circuits, or the SMT 

component can take the form of an IC package. When the slot-antenna 

20 component takes the form of an IC package, then the slot contained in said IC 

package can preferably be excited with an RF feeding signal coupled from 

outside of said IC package, and not directly from a semiconductor die 

comprised inside said IC package. 

25 In certain of these embodiments, the electronic elements or circuits included in 

the SMT component or IC package will preferably be placed within the SMT 

component or IC package in such a way that they do not interfere with the 

projection of the slot contained in the SMT component. 

30 In some other embodiments, a slot-antenna component may comprise more 

than one, two or three conductive surfaces in which a slot or a portion of a slot 
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is created. By this technique it will be possible to "fold" the slot in the vertical 

direction, away from the PCB. Therefore, the footprint area on the PCB 

required for such an antenna can be significantly reduced in comparison to 

antennas where the slot is "folded" in a plane parallel to the PCB surface plane. 

5 Most conveniently, two conducting surfaces can be provided on the two 

opposite large sides of a circuit substrate. If a multilayer circuit substrate is 

used, further surfaces can be provided in order to form the slot antenna in the 

component. 

1 0 The different surfaces may be connected or may remain unconnected. The 

connection may be done by a hole or by a connection around the edge of a 

circuit substrate. 

In order to protect a conducting layer, it will be advantageous to cover that layer 

15 with a protective layer, to prevent corrosion. Further, such a protective layer 

can be used to define terminals on the conducting layer which are then 

available for, e.g., a solder connection. 

The antenna characteristics can further be chosen by using open-ended or 

20 closed-ended slot geometries. Any end of the antenna may be open or closed. 

In some embodiments it is advantageous to place grounding terminals to 

connect the conductive surface with the ground-plane of the PCB close to at 

least two opposite edges of the slot-antenna component, preferably those two 

25 opposite edges that are the farthest apart from each other, so that the electric 

currents induced by the operation of the slot antenna on the conductive surface 

can flow through grounding terminals into the ground-plane of the PCB as if the 

conductive surface and the ground-plane of the PCB were one single 

conductive surface. 

30 
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In certain cases it might be interesting to place a grounding terminal 

substantially close to at least two corners of said at least two opposite edges of 

the component, preferably the four corners of said two opposite edges of said 

component. 

Further it can be preferred to extend one or more ground terminals along a 

major part of the length of an edge of the component or of the conductive 

surface. For example, the ground terminal may extend along at least 40%, 

50%, 60%, 70%, 80%, 90% or 95% of the length of an edge. Thereby a good 

1 O connection of the conductive surface to the ground plane of the PCB can be 

achieved. This is in particular the case where two grounding terminals extend 

along opposite edges such as the short and/or the long edges. One ground 

terminal may also be bent such that it is L- ,U- or 0-shaped and is preferably 

provided along one, two, three or four neighboring edges. 

15 

Furthermore, in some embodiments it can be advantageous to place grounding 

terminals at two sides of a feeding terminal and substantially close to said 

feeding terminal. This arrangement can be used to effectively excite the slot. 

20 Further in some cases it can be advantageous to provide the feeding terminals 

on two sides of the slot. Then it is possible to combine the slot with another slot 

by connecting the respective two edges of the two slots, thereby forming a 

larger slot. 

25 In some embodiments the feeding means of the slot-antenna component 

comprise a feeding contact and a conductive strip. Said conductive strip can be 

advantageously printed or etched on the same conductive surface as the slot, 

thus making the feeding means coplanar with the slot. The conductive strip 

connects the feeding terminal with the edge of slot that is farther away from the 

30 contact terminal. 

6034559v.l 47005-P040WUSC1 

EX1002 - Page 168



5 

24 

A clearance region can be provided at least on one, two, or three sides of the 

feeding terminal. This is in particular useful if the terminal is only used for 

feeding purposes. If the feeding terminal is also used for grounding purposes 

such clearance might not be present. 

Also for the conductive strip a clearance may be provided. This clearance may 

not be necessary if the conductive strip is provided on a different level than the 

conductive surface with the slot. If the conductive strip is provided on a different 

level it may be connected to the conductive surface of the slot by a via hole or 

1 0 capacitive or inductive coupling. In the same way, the coupling between the 

feeding terminal and the conductive strip may be made by capacitive, inductive 

or direct electrical contact coupling. 

In order to form pads on the PCB for receiving the terminals of the antenna 

15 component without however unnecessarily reducing the ground plane 

clearance, it is advantageous to provided protrusions of the ground plane which 

extend into clearance. 

Further, the size of the area of the clearance may be smaller than the size of 

20 the antenna component. 

In certain embodiments, the slot-antenna component is electrically coupled, by 

means of feeding terminals, with a slot created on the ground-plane of the PCB 

of the wireless device. In other words, a slot antenna is formed by combining 

25 the slot pattern printed or etched in the ground plane of the PCB, with the slot 

pattern included in the SMT component. Having a portion of the slot antenna 

printed or etched in the ground plane of the PCB can be advantageous, 

particularly because this: 

30 • allows the fine tuning of the antenna to account for changes in the 

dimensions and/or form factor of the ground plane of the PCB to 
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which the slot-antenna component is connected, or the effects of 

dielectric (e.g., plastic) casings or enclosures, by simply acting on the 

portion of the slot antenna printed on the ground plane of the PCB. 

• provides the PCB designer with more flexibility when laying out the 

different electronic components on the PCB, as the shape of the 

portion of slot antenna created in the ground plane can be selected, 

for example, to meet space constraints, or to minimize the distance 

of the antenna to the RF circuit. 

Since this is achieved by acting only on the portion of the slot printed or etched 

on the ground plane of a PCB, while leaving the geometry of the slot contained 

in a conductive surface of an SMT component unchanged, such embodiments 

are effective in providing a standard component that can be used in a great 

15 variety of application environments. 

In order to arrange the antenna such that as much space as possible is left 

over for other components, it can be advantageous to orient an edge, 

especially a long edge, of the SMT-type slot antenna component substantially 

20 parallel to the short or long edge of the circuit board. 

25 

The antenna component should not be to far away from the edge of the PCB. 

This facilitates providing a clearance and assures good radiation 

characteristics. 

In some embodiments, the antenna component is preferably located on or 

close to the middle of an edge and in particular on or close to the middle of a 

long edge of the circuit board or the ground plane. A symmetric location with 

respect to the ground plane can provide a more predictable polarization 

30 characteristic since currents induced in the ground plane are not redirected in 

an asymmetric way by the shape of the ground plane. This may apply even if 
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the antenna itself is not symmetric but the location of the antenna on the 

ground plane is symmetric or almost symmetric. 

The slot of the component may be excited by balanced or unbalanced feeding. 

5 This can be done with the help of a coplanar or coaxial transmission line or a 

microstrip transmission line. 

By combining the slot of a ground plane and the slot of a slot-antenna 

component it is possible to obtain combined slots which are open at none, one, 

1 O or two ends. 

If such a combined slot is provided, this combined slot may be excited by 

exciting the slot portion of the antenna component or the slot portion of the 

ground plane. The latter may be preferred since with this technique it is 

15 possible to connect an RF-generator directly with the ground plane of the circuit 

board on which the RF-generator itself is arranged. 

Another aspect of the invention relates to a technique to further improve the 

isolation between a mobile antenna and a wireless connectivity antenna in a 

20 handset or handheld device, for example, by acting on the geometry of the 

mobile antenna to eliminate any resonance modes that might fall within any of 

the operating bands of the wireless connectivity antenna, in line with what is 

claimed and described below. In the present text, "operating band" especially 

implies a band in which the antenna features similar values for a number of 

25 parameters representative of the antenna performance. 
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List of figures 

Further characteristics and advantages of the invention will become apparent in 

view of the detailed description which follows of some preferred embodiments 

5 of the invention given for purposes of illustration only and in no way meant as a 

definition of the limits of the invention, made with reference to the 

accompanying drawings, in which: 

Figs. 1(A-8) - Example of a prior art slider-type handset carrying an antenna 

1 0 for mobile communications (101) and comprising a top PCB (100) (the 

dimensions of which could be, for example, 78mm x 40mm) and a bottom PCB 

(102) (for example, with the dimensions 70mm x 35mm): (Fig. 1A) General 

view of the PCBs of the handset in the closed position; and (Fig. 18) general 

view of the PCBs of the handset in the open position. 

15 

20 

25 

Fig. 2 - Top view of an example of a prior art handset comprising a first 

antenna for mobile communications placed on the top portion of the PCB of the 

handset and a second antenna for wireless connectivity services placed on the 

bottom right corner of the PCB. 

Figs. 3(A-8) - Typical electrical performance of the antennas of the handset 

shown in Fig. 3A: Return loss of each antenna and isolation between antennas 

when the handset is in closed position; and (Fig. 38) return loss of each 

antenna and isolation between antennas when the handset is in open position. 

Figs. 4(A-8) - Top view of a handset according to an embodiment of the 

present invention, including a first antenna for mobile communications placed 

on the top portion of the PCB of the handset and a second antenna for wireless 

connectivity services placed on the bottom right corner of the PCB, wherein the 

30 second antenna is a slot antenna: (Fig. 4A) General view of the PCB of the 

handset carrying the two antennas; and (Fig. 48) detailed view of the region 

that contains the slot antenna. 
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Figs. (A-8) - Typical electrical performance of the antennas of the handset 

shown in Figs. (A-B): (Fig. SA) Return loss of each antenna and isolation 

between antennas when the handset is in closed position; and (Fig. 58) return 

5 loss of each antenna and isolation between antennas when the handset is in 

open position. 

Fig. 6 - Typical radiation and antenna efficiency of the slot antenna for wireless 

connectivity integrated in the handset of Fig. 4. 

1 0 Fig. 7 (A-I) - Top view of some implementations of the handset comprising a 

mobile antenna 701 and a slot antenna (black line) 702 on the PCB (700) for 

wireless connectivity services. 

Figs. S(A-8) - Typical electrical performance of the antennas of the handset 

15 shown in Fig. 7B: (Fig. SA) Return loss of each antenna and isolation between 

antennas when the handset is in closed position; and (Fig. 88) return loss of 

each antenna and isolation between antennas when the handset is in open 

position. 

20 Figs. 9(A-C) Detailed view of an example of a handset comprising a first 

antenna for mobile communications and a second antenna for wireless 

connectivity services. The geometry of the antenna for mobile communications 

can be tailored according to the teachings of the present invention to enhance 

the isolation with the antenna for wireless connectivity services by (Fig. 98) 

25 modifying the dimensions of an arm of the mobile antenna; or (Fig. 9C) folding 

an arm of the mobile antenna. 

Fig. 10 - Comparison of typical levels of isolation between the mobile antenna 

and the wireless connectivity antenna that can be obtained before and after 

30 modifying the mobile antenna as depicted in Fig. 9B. 
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Figs. 11 (A-8) - Detailed view of an antenna for mobile communications whose 

geometry has been modified according to the teachings of the present 

invention to enhance the isolation with the antenna for wireless connectivity 

services by increasing the length of a slot defined in the structure of the mobile 

5 antenna by means of: (Fig. 11A) shaping the slot as a meander-like curve; or 

(Fig. 118) adding a conductive strip inside the aperture of the slot. 

Fig. 12 - Comparison of typical levels of isolation between the mobile antenna 

and the wireless connectivity antenna that can be obtained before and after 

1 0 modifying the mobile antenna as depicted in Fig. 11 B. 

Figs. 13(A-8) - Detailed view of the top portion of the PCB of a handset 

showing different embodiments according to the present invention to enhance 

the isolation between an antenna for mobile communications and an antenna 

15 for wireless connectivity services by: (Fig. 13A) introducing a slot on the PCB; 

or (Fig. 138) placing a conductive stripe above the PCB that is shorted on one 

end to the PCB. 

Fig. 14 - Comparison of typical levels of isolation between the mobile antenna 

20 and the wireless connectivity antenna that can be obtained before and after 

modifying the PCB of the handset as depicted in Fig. 13B. 

Figs. 15(A-8) - Embodiment of a handset according to the present invention 

including a mobile antenna, a wireless connectivity antenna, and parasitic 

25 element to enhance the isolation between antennas: (Fig. 15A) General view of 

the PCB of the handset; and (Fig. 158) detailed view of the top portion of the 

PCB of the handset showing the shape of the parasitic element. (For the sake 

of clarity, in Fig. 15B the parasitic element appears to be above the mobile 

antenna, although in reality it is placed below the mobile antenna but above the 

30 plane of the PCB of the handset, that is, between the mobile antenna and the 

PCB of the handset.) 
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Fig. 16 - Comparison of typical levels of isolation between the mobile antenna 

and the wireless connectivity antenna that can be obtained before and after 

introducing a parasitic element, like the one shown in Figs. 15(A-B), in the 

5 handset. 

Figs. 17(A-B) - Example of a box counting curve located in a first grid 

(Fig. 17 A) of 5x5 boxes and in a second grid (Fig. 178) of 1 0x1 0 boxes. 

1 0 Fig. 18 - Example of a grid dimension curve. 

Fig. 19 - Example of a grid dimension curve located in a first grid. 

Fig. 20 - Example of a grid dimension curve located in a second grid. 

15 

Fig. 21 - Example of a grid dimension curve located in a third grid. 

Figs. 22(A-B) - Example of a slot antenna component. 

20 Figs. 23(A-C) - Different examples of possible locations of a slot antenna 

component on the circuit board. 

Description of the preferred embodiments 

25 In some preferred embodiments of the handset 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 second antenna 

used for at least one wireless connectivity service, wherein the second antenna 

is a slot antenna (cf. for example Figs. 4(A-B)). In the example of Figs. 4(A-

30 B), and without being a limitation of the invention, the slot (402) has been 

created in the ground plane of the PCB (400) (namely, in a conductive metal 
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layer of the PCB) on its right hand side and near the bottom (considering a 

groundplance arranged in the vertical plane and with the mobile antenna 401 

at its top end, as illustrated in Figs. 4(A-B)). The shape of the slot (402), and 

the length and widths of each one of the segments that form the said slot 

5 (402), can be selected to meet the requirements of resonance frequency, 

electrical performance, and maximum PCB area constraint, of a given 

handset or handheld device. 

In the example of Figs. 4(A-B), the slot (402) intersects the perimeter of the 

1 0 ground plane of the PCB (400) at one point (406). In other words, the slot 

(402) is not completely surrounded by conducting materials. In some 

preferred cases, the unfolded length of the slot (402) will be approximately a 

quarter of an operating wavelength of the slot antenna. In some other cases, 

the unfolded length of the slot (402) will be approximately three times, or 

15 approximately five times, or approximately another odd integer number of 

times, the length of one quarter of an operating wavelength of the slot 

antenna. 

In other embodiments, the slot might intersect the perimeter of the ground 

20 plane of the PCB on which is placed at least at one point, such as for 

example at two points. In yet some other embodiments, the slot might not 

intersect the perimeter of the ground plane of the PCB on which is placed. 

That is, the slot is in these cases completely surrounded by conducting 

material (in the layer or layers containing the slot). In some embodiments, it 

25 might be advantageous that the unfolded length of the slot be approximately 

twice, or approximately four times, or approximately another even integer 

number of times, the length of one quarter of an operating wavelength of the 

slot antenna. 

30 In order to minimize the coupling between the first antenna (401) and the 

second antenna (402) (i.e., to maximize the isolation), the design of the slot 

6034559v.l 47005-P040WUSC1 

EX1002 - Page 176



32 

(402) and its orientation with respect to the PCB (400) is selected such that 

the slot (402) is substantially parallel to the direction of the currents excited 

on the PCB (400) by a resonating mode of the first antenna (401 ), at least on 

a portion of the PCB (400). In some cases, it is advantageous to design the 

5 slot (402) such that it is substantially parallel to the longer side of the 

conductive layer or ground-plane of the PCB (400), because the currents 

excited on said PCB (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 

context of this application, two directions are considered to be substantially 

1 0 parallel if they form an angle of less than, or equal to, approximately 30 

degrees. Also in the context of this application, the direction of a slot is defined 

by the direction of the longest side of the minimum rectangular area in which 

said slot is or can be inscribed. 

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

particular resonance frequency, so that said first antenna behaves substantially 

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

embodiments it will be advantageous to align the said slot of the first antenna 

along a first direction and the slot of the second antenna along a second 

20 direction, said first direction being substantially orthogonal to said second 

direction. In the context of this application, two directions are considered to be 

substantially orthogonal if they form an angle in the range from approximately 

60 degrees to approximately 120 degrees. 

25 The shape of the slot (402) can comprise straight and curved segments, not 

necessarily all segments being of the same length (see examples in Figs. ?(A­

l)). In the same way, the separation between the conductive edges of each 

segment of the slot (402) does not have to be the same for all segments, nor 

constant for any given segment (i.e., any segment of the slot (402) can be 

30 tapered). 
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In some examples, the slot (402) might have one, two, three, or more bends. 

In general, as the number of bends in the slot (402) increases, the shape of 

the slot (402) becomes more and more convoluted, leading to a higher 

degree of miniaturization of the resulting slot antenna. 

In some cases, the slot antenna can advantageously be excited by applying 

a voltage difference between the opposite conductive edges of the slot (402) 

at a particular point (408) along the geometry of the slot (hereinafter referred 

to as the feeding point). In some embodiments, the feeding point (408) will be 

1 0 closer to the closed end of the slot (407) than to the open end of the slot 

(406). In certain examples, the distance between the feeding point (408) and 

the closed end of the slot (407) will be less than, or equal to, 0.2%, 0.4%, 

0.8%, 1.2% 1.6%, 2.5%, 3.3%, 4% or 8% of a free-space operating 

wavelength of the slot antenna. 

15 

In some examples, it will be advantageous to have the slot antenna (402) 

inscribed in a rectangular area (403) of width (405) smaller than 1/50 of the 

free-space operating wavelength of the slot antenna (402), and length (404) 

smaller than 1 /4 of the free-space operating wavelength. Being more general, 

20 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 fractions: 1/10, 1/30, 1/50, 1/60, 1/70, or 1/80. In the same way, 

for some embodiments, said length (404) divided by the free-space operating 

wavelength of the slot antenna can be smaller than, or equal to, at least one of 

25 the following fractions: 1/2, 1/3, or 1/4. In some other instances, it will be 

advantageous that the sum of the length (404) and the width (405) of the 

rectangular area (403) in which the slot is inscribed be smaller than 1 /2 of the 

free-space operating wavelength, or even smaller than 1/4 of the free-space 

operating wavelength. Furthermore, it will be advantageous in some cases that 

30 the separation between the two edges of the slot (402) be within a range from 

approximately 0.08% of the free-space operating wavelength to approximately 
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8% of a longest free-space operating wavelength, including any subinterval of 

said range. 

Figs. 5(A-B) presents, without any limiting purpose, an example of electrical 

5 results for the handset of Figs. 4(A-B) according to the present invention. Fig. 

5A presents typical values of the input parameters of the antennas (i.e., return 

losses of each antenna, and isolation between antennas) when the slider-type 

phone is in the closed position, while Fig. 5B presents the typical results of the 

antennas when the phone is in the open position. In this example, the first 

1 O antenna (401) was designed to have a multiband behavior, with a first 

resonance around 900MHz to provide coverage for the GSM900 service, and a 

second resonance around 1900MHz to provide service under the GSM1800 

and GSM1900 standards. On the other hand the second antenna was 

designed to be tuned in the 2500MHz band. The isolation between the first 

15 antenna (401) and the second antenna (402) exceeds 30dB in the 900MHz 

band, is better than 23dB in the 1900MHz band, and better than 21 dB in the 

2500MHz band. The level of isolation attained between the antennas of the 

example shown in Figs. 4(A-B) is better than the results obtained for the 

example of a conventional prior-art arrangement in Fig. 2. A typical radiation 

20 performance of the slot antenna (402) is shown without any limiting purpose in 

Fig. 6. The slot antenna (402) has a level of radiation efficiency in excess of 

60% in its band of operation both in the open and closed positions of the 

handset. 

25 Figs. 7(A-I) present, without any limiting purpose, some embodiments for the 

present invention of a handset or handheld device comprising a slot antenna. 

Generally, it will be preferable to keep the separation between the mobile 

antenna (701) and the wireless connectivity antenna (702) as large as possible 

in order to maximize the isolation between the antennas. For example, isolation 

30 between the antennas on the PCB for the case of Fig. 7C is expected to be 

better than for the case of Fig. 7 A, as the separation between the antennas is 
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larger. However, in certain embodiments it may not be possible to place the 

mobile antenna (701) and the wireless connectivity antenna (702) further apart. 

In these cases it will be especially necessary or convenient to use additional 

techniques to further improve the isolation between the mobile antenna and the 

5 wireless connectivity antenna by acting either on the geometry of the mobile 

antenna, or on the PCB of the handset or the handheld device, or on both. 

The electrical performance of the antennas in the embodiment of Fig. 7B is 

presented without any limiting purpose in Figs. 8(A-B). As it can be observed, 

1 0 the return loss of each antenna is practically the same as the one already 

presented in Figs. 5(A-B). However, there is a degradation in the isolation 

between the mobile antenna (701) and the wireless connectivity antenna (702), 

predominantly around 2400MHz, linked to the smaller separation between the 

antennas. 

15 

Another aspect of the invention relates to techniques to enhance the isolation 

between the mobile antenna and the wireless connectivity antenna. Some of 

these techniques comprise the steps of shaping the geometry of the mobile 

antenna to eliminate higher order resonant modes or spurious modes that may 

20 fall within an operating band of the wireless connectivity antenna (or vice­

versa), giving rise to strong coupling of the mobile antenna with the wireless 

connectivity antenna. 

In some embodiments, the mobile antenna can comprise features (such as, for 

25 instance, a slot, or a strip of metal) with an electrical length close to 

approximately an integer multiple of a quarter of an operating wavelength of the 

wireless connectivity antenna. For example, in the embodiment of Fig. 9A, the 

mobile antenna (901) comprises a slot (903) that has a length of approximately 

a quarter of the wavelength at 2600MHz, corresponding to an operating band 

30 of the wireless connectivity antenna. For the purposes of this example and the 

following ones, a wireless connectivity antenna (902) (for example, embodied in 
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a slot antenna component) has been placed near the top left corner of the PCB 

(900) underneath the mobile antenna (901 ). As commented previously, this is 

not a particularly advantageous position for the wireless connectivity antenna 

(902), as the little distance with respect to the mobile antenna (901) can imply 

5 poor isolation. As it can be seen in Fig. 10, a typical level of isolation between 

antennas at 2600MHz is approximately 8dB. However, this antenna 

arrangement will help to illustrate the improvement in isolation between 

antennas that can be achieved by following the teachings disclosed in this 

patent application. 

10 

In order to increase the isolation between antennas, the length of the slot (903) 

can be shortened to force the associated resonance frequency to move 

towards higher frequencies, away from the wireless connectivity band. In the 

embodiment illustrated in Fig. 9B, the conducting arm of the mobile antenna 

15 (934) has been shortened by some amount with respect to the original arm 

(904), so that the resulting slot (933) is shorter or substantially shorter than a 

quarter of the relevant resonant wavelength of the wireless connectivity 

antenna and therefore resonates at a higher frequency. 

20 The resonance frequencies of the mobile antenna (931) might shift in frequency 

as a consequence of the shortening of the conducting arm (934). The operating 

bands of the mobile antenna (931) can be readily retuned using for example a 

matching network at the feeding point of the antenna. As an alternative, it can 

be preferred to lengthen the arm (934) to retune the operating bands of the 

25 mobile antenna (931 ), while keeping the length of slot (933) constant. In that 

sense, the embodiment in Fig. 9C shows a mobile antenna (961) in which the 

conducting arm (964) has been folded as a U shape, while ensuring that the 

length of the slot (963) is shorter than that of the slot (903) in Fig. 9A. In this 

case, the end of the conducting arm (964) does not coincide with the open end 

30 of the slot (963), as it was the case of embodiment in Fig. 9A, where the tip of 

arm (904) defined the open end of the slot (903). Fig. 1 0 presents without any 

6034559v.l 47005-P040WUSC1 

EX1002 - Page 181



37 

limiting purpose a typical antenna isolation that can be obtained with a modified 

mobile antenna like the one in Fig. 9C, and compares it with the isolation 

obtained with the original mobile antenna (Fig. 9A). 

5 In some cases, in order to achieve a good improvement in isolation between 

antennas, the length of a slot, or a conducting strip, or more generally a 

geometric feature of the mobile antenna which has an associated resonance 

within a band of the wireless connectivity antenna, will be modified (i.e., 

shortened or enlarged) about 12%, or about 20%, or even about a 30%, of the 

1 0 original length of said slot, or said conducting strip, or said geometrical feature 

of the mobile antenna. 

In some other embodiments it can be advantageous to increase a dimension of 

a feature of the mobile antenna with an associated resonance at a frequency 

15 within an operating band of the wireless connectivity antenna. Figs. 11 (A-B) 

discloses two embodiments of a handset comprising a mobile antenna and a 

wireless connectivity antenna that use this technique to improve the antenna 

isolation. In the case of Fig. 11 A, the slot (903) in the original mobile antenna 

(901) has been replaced by a meander-like slot (1103) to make it electrically 

20 longer and shift the resonance associated to 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-filling curve, a box-counting curve, a grid-dimension curve, or a 

fractal based curve, to achieve maximum size compression. 

25 

The embodiment in Fig. 11 B illustrates another way of increasing the electrical 

length of the slot (903) of the original mobile antenna (901 ). In this case, the 

mobile antenna (1151) comprises a metal strip (1154) that is placed between 

the edges of the slot (903) and shorted at one end to the main body of the 

30 mobile antenna (1151) in the region (1155). In certain cases, the metal strip 

(1154) will be long enough to cover substantially the slot (903), while in other 
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cases the metal strip (1154) will be shorter and be placed in just a portion of the 

slot (903). The resulting "Li-shaped" slot will have an associated resonance 

frequency lower than that of the original slot (903). Fig. 12 presents without any 

limiting purpose a typical antenna isolation that can be obtained with a modified 

5 mobile antenna like the one in Fig. 11 B, and compares it with the isolation 

obtained with the original mobile antenna (Fig. 9A). In some embodiments, 

such a technique improves the isolation by 4dB or more. 

Some other techniques to enhance the isolation between the mobile antenna 

1 0 and the wireless connectivity antenna in a handset or handheld device 

according to the present invention comprise the steps of modifying the 

geometry of the PCB of said handset or handheld device to introduce on said 

PCB a feature able to increase the isolation between antennas in a particular 

frequency band. 

15 

Fig. 13A presents an embodiment of a handset comprising a mobile antenna 

(1301 ), a wireless connectivity antenna (1302) and a PCB (1300), wherein a 

slot (1304) has been created in a ground plane of said PCB (1300). The slot 

(1304) features an open end. That is, the slot (1304) intersects the perimeter of 

20 the conducting pattern of the PCB (1300) in at least one point. In other words 

the slot (1304) is not completely surrounded by conducting materials. In this 

example, the unfolded length of the slot (1304) has been selected to be 

approximately a quarter of the wavelength at the frequency for which the 

isolation between antennas needs to be enhanced. More generally, the length 

25 of the slot (1304) can be adjusted to be approximately an odd integer multiple 

of a quarter of the wavelength at the frequency for which a higher level of 

isolation is needed. 

A purpose of the slot (1304) is to present a high impedance path to the currents 

30 flowing on the perimeter of the ground plane of the PCB (1300) on which the 

slot (1304) is placed and/or along a preferred path between the feeding points 
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of the first and second antennas (the feeding point of said second antenna 

(1302) is placed under the first antenna (1301 ), at the left of the slot (1304) in 

Fig. 13A). Therefore, it will be preferred in certain embodiments, in order to 

increase the isolation, to place the slot (1304) at a point along the perimeter of 

5 the ground plane of the PCB (1300) in which the currents flowing from the 

wireless connectivity antenna (1302) towards the mobile antenna (1301) along 

the perimeter of the ground plane of the PCB (1300) are strong. In other 

embodiments, a purpose of shaping the ground plane with for instance one or 

more slots is to alter the phase and amplitude of the coupling and to generate 

1 0 multiple signal coupling paths such that those multiple signals cancel or 

partially cancel each other. 

Fig. 13B discloses another embodiment of a handset comprising a mobile 

antenna (1301 ), a wireless connectivity antenna (1302) and a PCB (1350), 

15 wherein a conductive stripe (1354) has been placed above, and substantially 

parallel to, the ground plane of the said PCB (1350) and shorted at one end to 

the said PCB (1350). In the example of the figure, the unfolded length of the 

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

wavelength at the frequency for which the isolation between antennas needs to 

20 be enhanced. Being more general, the length of the conducting stripe (1354) 

can be adjusted to be approximately an odd integer multiple of a quarter of the 

wavelength at the frequency for which a higher level of isolation is needed. 

Similarly to the slot (1304) in Fig. 13A, a purpose of the conducting strip (1354) 

25 is to present a high impedance path to the currents flowing on the ground plane 

of the PCB (1350) from the wireless connectivity antenna (1302) towards the 

mobile antenna (1301) (or viceversa). Therefore, it will be advantageous in 

some cases, to place the shorted end of the conducting stripe (1354) at least a 

distance of approximately a quarter of the wavelength at the frequency for 

30 which a higher level of isolation is needed, on the path that the currents flowing 
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from the wireless connectivity antenna (1302) towards the mobile antenna 

(1301) follow on the ground plane of the PCB (1350) (or viceversa). 

Fig. 14 presents, without any limiting purpose, typical antenna isolation that can 

5 be obtained by using a handset with a modified PCB as the one disclosed in 

Fig. 13B. Compared with the isolation curve obtained in the original handset 

(Fig. 9A), the presence of the shorted conducting strip (1354) introduces a deep 

notch in the isolation in the region between 2600MHz and 2800MHz, where the 

original handset had a poor isolation. 

10 

In other embodiments, the ground plane of the PCB of the handset or handheld 

device can have two or more slots, like the slot (1304) in Fig. 13A, or two or 

more conducting strips shorted to the ground plane of the PCB, like the 

conducting stripe (1354) in Fig. 13B. By adjusting the number and length of the 

15 slots or the conducting strips, the frequency behavior of the isolation between 

antennas can be tailored. In general, for a wide-band behavior, the length of the 

slots or the conducting strips will be substantially similar. For a multiband 

response with no overlapping between frequency bands, the length of each slot 

or each conducting strip is associated mainly with the center frequency of a 

20 particular band at which the isolation between antennas needs to be increased. 

In yet other embodiments, a single slot (or a single conducting strip) with 

multiple branches can be used to obtain an improvement in the isolation with a 

wideband or multiband behavior. 

25 In yet other embodiments, the handset or handheld device comprises a mobile 

antenna (1501 ), a wireless connectivity antenna (1502), and a conducting strip 

(1504) placed in the vicinity of the mobile antenna (1501) and the wireless 

connectivity antenna (1502), but differently from what is disclosed in Fig. 13B, 

said conducting strip (also referred to as parasitic element) is not connected to 

30 the ground plane of the PCB (1500). In the example of the Fig. 15(A-B), the 

unfolded length of the conducting strip (1504) has been selected to be 
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approximately half of the wavelength at the frequency for which the isolation 

between antennas needs to be enhanced. The resonance introduced by said 

conducting strip (1504) enhances the curve of isolation between antennas (see 

Fig. 16, which is provided for the purposes of illustration only and in no way 

5 meant as a definition of the limits of the invention), improving substantially the 

isolation in the desired band (the 2600MHz - 2800MHz region in this particular 

example). This conductive strip (1504) basically functions as a shield for the 

electromagnetic radiation between the two antennas. 

1 0 In some embodiments of the present invention (see for example Figs. 13(A-B) 

and 15(A-B)) at least a portion of the slot (1304), or a portion of the conducting 

strip (1354, 1504) will preferably be shaped as a space-filling curve, a box­

counting curve, a grid-dimension curve, or a fractal based curve, to achieve 

maximum size compression. 

15 

A person skilled in the art will recognize that the techniques disclosed in this 

patent application can be advantageously used to enhance the isolation 

between an antenna for mobile communications and an antenna for wireless 

connectivity services not only when the latter is a slot antenna but also for other 

20 types of antenna topology such as for instance, but not limited to, a monopole 

antenna, an IFA, a patch antenna or a PIFA. 

Figs. (A-B) shows an example of slot-antenna component 221 0 according 

useful for present invention, including a conductive surface 2211, in which a 

25 slot 2213 has been created, a dielectric substrate2212, five grounding terminals 

2215 and feeding means comprising a feeding terminal 2214. In Fig. 22A a 

perspective bottom view of the slot-antenna component (i.e., as seen from the 

side of the component facing the PCB on which it is to be mounted) is shown. 

Fig. 22B is a top view of the component (i.e., as seen from the side of the 

30 component not facing the PCB on which it is to be mounted). 
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The conductive surface 2211 is backed by a dielectric substrate 2212. In this 

particular embodiment, and without limiting purposes, the contour of the slot 

2213 is inspired in the Hilbert curve; however, other shapes could also be 

used. In fact, the shape of the slot 2213, and the length and width of each 

5 one of the segments that form said slot 2213, can be selected to meet the 

requirements of resonance frequency, electrical performance, and maximum 

size, of a given SMT component. 

In a preferred embodiment, the conductive surface 2211 is covered by another 

1 0 dielectric layer (such as for example a layer of ink, or a layer of protective epoxy 

coating for environmental protection), in which some windows are left in order 

to create one or more contact terminals 2214, 2215 of the component 2210. In 

Figs. 22(A-B), the slot-antenna component 221 0 comprises one feeding 

terminal 2214 and several grounding terminals 2215. The contact terminals 

15 2214, 2215 have been depicted as square pads, although they could be 

shaped differently, or take the form of pins or BGA balls. 

All contact terminals 2214, 2215 are arranged on or close to the edge of the 

conductive surface 2211 and at the same time on or close to the edge of 

20 antenna component 2210. 

In Figs. 22(A-B), the feeding means of the slot-antenna component 221 0 

comprise a feeding contact 2214 and a conductive strip 2218 that can be 

advantageously printed or etched on the same conductive surface 2211 as the 

25 slot 2213, thus making the feeding means coplanar with the slot 2213. The 

conductive strip 2218 connects the feeding terminal 2214 with the edge of the 

slot 2213 that is farther from the contact terminal 2214 in region 2219 along the 

slot 2213. In the example of Fig. 12, the connection of the conductive strip 2218 

with the edge of the slot 2213 that is farther from the contact terminal 2214 

30 occurs at a substantially right angle (i.e., an angle of approximately 90Q), 

however said connection could also occur at angles smaller or larger than 90Q. 
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In said region 2219, the edge of the slot 2213 that is closer to the feeding 

terminal 2214 is interrupted, so that the conductive strip 2218 can cross the slot 

2213 reaching the farther edge of said slot 2213. A clearance region 2220 is 

5 created at both sides of the conductive strip 2218 and the feeding terminal 

2214. The width of the clearance region 2220 does not need to be necessarily 

the same on both sides of the conductive strip 218 and the feeding terminal 

2214. The input impedance of the slot antenna can be appropriately selected 

by means of the distance of the region 2219 to an end of slot 2217, the width of 

1 0 the conductive strip 2218 and the widths of the clearance region 2220 on each 

side of the conductive strip 2218, and the feeding terminal 2214. 

In certain embodiments, said widths can be substantially equal. In some cases, 

the width of the conductive strip 2218 and the widths of the clearance regions 

15 on each side thereof can be advantageously selected so as to form a coplanar 

transmission line. The width of the conductive strip 2218 and the widths of said 

clearance regions will preferably be smaller than a maximum width. Some 

possible values for said maximum width comprise 1 /2400, 1 /1200, 1 /800, 

1 /600, 1 /480, 1 /400, 1 /300, 1 /240, 1 /200, 1 /150 and 1 /120 of a free-space 

20 operating wavelength of the slot antenna. 

In some cases, it will be advantageous to place a grounding terminal 2215 at 

each side of the feeding terminal 2214. In other examples, the feeding terminal 

2214 might not be coplanar with the slot 2213, making it necessary to couple a 

25 feeding signal from the feeding terminal 2214 to the conductive strip 2218 

either by direct contact (such as for instance by means of a via hole), or by 

electromagnetic coupling (either capacitive or inductive). Capacitive (or 

inductive) coupling can be preferred in some cases to compensate for an 

inductive (or capacitive) component of the input impedance of the slot antenna, 

30 without having to use external circuit elements such as capacitors or inductors. 
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Figs. 22(A-B) shows an example of the slot-antenna component 221 0 in which 

the slot antenna is excited in an unbalanced manner. In some other examples, 

a slot-antenna component could be excited in a balanced manner by including 

a first feeding terminal to provide a positive potential (referenced to a ground 

5 potential) and a second feeding terminal to provide a negative potential 

(referenced to said ground potential). In some cases, the component can also 

include a third feeding terminal to provide said ground potential. 

In the embodiment of Figs. 22(A-B), the slot 2213 has a first end 2216 that 

1 0 intersects the perimeter of the conductive surface 2211. That is, the slot 2213 

is open-ended at said first end 2216. Furthermore, the second end 2217 of 

the slot does not intersect the perimeter of the conductive surface 2211 (i.e., 

it is closed-ended). 

15 In Figs. 23(A-B) examples of how a slot-antenna component 221 0 can be 

placed on a substantially rectangular PCB 2300 of a wireless (e.g. handheld or 

portable) device are shown. In Fig. 23A the longer dimension of the slot­

antenna component 221 0 is aligned with one of the longer edges of the PCB 

2300, and substantially centered along said edge. Fig. 23B relates to the case 

20 where the longer dimension of the slot-antenna component 221 0 is aligned with 

one of the longer edges of the PCB 2300, and substantially close to a corner of 

said edge and in Fig. 23C the longer dimension of the slot-antenna component 

221 0 is aligned with one of the shorter edges of the PCB 2300, and 

substantially close to a corner of said edge. It may also be centered along the 

25 short edge. 

In Figs. 23(A-C), the conductive layer of the PCB 2300 has been removed or, 

at least, partly removed under the slot-antenna component 2210, that is, in 

correspondence with the footprint of the slot-antenna component on the PCB, 

30 that is, in correspondence with its projection on the PCB 2300. 
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Generally, the present invention can facilitate the integration of the antennas 

inside several kinds of handsets or handheld devices so that the antennas can 

be arranged in a way that it is compatible with high density of components on 

the PCB of the device. For miniaturization purposes, at least a portion of the 

5 curve defining the conducting trace, conducting wire or contour of the 

conducting sheet of at least one antenna of the handset or handheld device will 

advantageously be a space-filling curve, a box-counting curve, a grid­

dimension curve, or a fractal based curve. The conducting trace, conducting 

wire or contour of the conducting sheet of said at least one antenna might take 

1 0 the form of a single curve, or might branch-out in two or more curves, which at 

the same time in some embodiments will be also of the space-filling, box­

counting, grid-dimension, or fractal kinds. Additionally, in some embodiments a 

part of the curve will be coupled either through direct contact or electromagnetic 

coupling to a conducting polygonal or multilevel surface. 

15 

The teachings disclosed in the present patent application facilitate the adoption 

of the wireless functionality in handsets and other handheld devices. Handset 

and handheld device manufactures will benefit from the commercialization of 

such products with value-added features and that enjoy of stronger customer 

20 preference. In a platform like the one of a handset for mobile communications 

in which the efficient use of small-sized PCBs is paramount, the integration of a 

wireless connectivity antenna according to the present invention offers the 

benefit of small area overheads (i.e., smaller overall size of the handheld 

device), which translates into lower cost. Moreover, the enhanced isolation 

25 between antennas attainable using the techniques and teachings of the present 

invention provide handset and handheld device manufacturers with more 

flexibility when designing the layout of the PCB of the devices and the 

placement of the antennas and neighboring electronics on the PCB of the 

devices, reducing the costs of integration of the antenna, simplifying the new 

30 product development cycle, and accelerating the time to market of their new 

products. 
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In some preferred embodiments the handset or handheld device is operating at 

one, two, three or more of the following communication and connectivity 

services: GSM (GSM850, GSM900, GSM1800, American GSM or PCS1900, 

5 GSM450), UMTS, WCDMA, CDMA, Bluetooth™, IEEE802.11ba, 

IEEE802.11 b, IEEE802.11 g, WLAN, WiFi, UWB, Zig Bee, GPS, Galileo, 

SDARs, XDARS, WiMAX, DAB, FM, 0MB, DVB-H. 

6034559v.l 47005-P040WUSC1 

EX1002 - Page 191



5 

MARKED UP VERSION OF SUBSTITUTE 

SPECIFICATION 

HANDHELD DEVICE WITH TWO ANTENNAS, AND METHOD OF 

ENHANCING THE ISOLATION BETWEEN THE ANTENNAS 

Object of the invention 

The present invention relates to a handset and generally to any handheld 

1 0 device, which includes an antenna for receiving and transmitting 

electromagnetic wave signals. 

It is an object of the present invention to provide a handset or handheld device 

(such as, for instance, a mobile phone, a smartphone, a PDA, an MP3 player, a 

15 headset, a USB dongle, a laptop, a PCMCIA or Cardbus 32 card), which 

comprises a first antenna (for example, an antenna for mobile 

communications), and a second antenna (for mobile communications, and/or 

for at least one wireless connectivity service), said second antenna being a slot 

antenna. The second antenna can require a very small area on the printed 

20 circuit board (PCB) of the hand-held device. 

Another aspect of the invention relates to a technique to obtain good isolation 

between said first antenna and said second antenna. According to the present 

invention, good isolation between the antennas included in the handset or 

25 handheld device can be obtained by appropriately choosing the placement 

and orientation on the PCB of each one of the antennas comprised in the 

handset or handheld device, and/or by acting on the PCB (or, rather, on a 

conductive layer of the PCB, such as a metal layer of the PCB acting as a 

ground-plane for one or both of the antennas) of the handset or handheld 

30 device to reduce the electromagnetic coupling between antennas, and/or by 

other means 
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Background of the invention 

The current trend in the sector of mobile phone manufacturers, and more 

generally handheld device manufacturers, is to incorporate added value 

5 wireless services, such as connectivity functionality and geolocalization (such 

as for example, but not limited to Bluetooth ™, IEEE802.11 a, IEEE802.11 b, 

IEEE802.11 g, WLAN, WiFi, UWB, ZigBee, GPS, Galileo, SDARs, XDARS, 

WiMAX, DAB, FM, DVB-H, or 0MB) in more and more of their products. An 

antenna arranged or configured to operate effectively in a frequency band 

1 0 suitable for one or more of these services or standards is sometimes referred to 

as a "wireless connectivity antenna" in this document. 

In some cases, these handheld devices also operate in at least one frequency 

band used for mobile communication services, such as GSM (GSM850, 

15 GSM900, GSM1800, American GSM or PCS1900, GSM450), UMTS, WCDMA, 

or CDMA, apart from having the ability to operate in the frequency band 

corresponding to the wireless connectivity service. 

Although it is possible to integrate all the operating bands of a particular 

handheld device in a single antenna, the trend in the handset manufacturing 

20 industry shows that it is preferred to have two separate antennas: A first 

antenna is used for the bands of the selected mobile communication services 

(such as, for example, GSM), and a second antenna is used to allow the device 

to operate at an additional communication service (such as, for instance, 

UMTS) or at the frequency bands of a wireless connectivity standard (such as, 

25 for example, WLAN or Bluetooth ™). 

30 

Using two separate antennas presents some advantages: 

• It can make the design of each one of the antennas easier, as a single 

multiband antenna covering all the bands of operation of the handset 

would require a more complicated design. 
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3 

• It also simplifies the radiofrequency (RF) front-end for each one of the 

two antennas. If there is only one single antenna, the RF front-end to 

which the antenna is connected would have to include a diplexer or 

multiplexer capable of separating the frequency bands corresponding to 

the different services, for example, separating the mobile communication 

frequency bands from the wireless connectivity frequency bands. 

• Moreover, it offers more flexibility in the design of the PCB that carries 

the electronic components and circuitry of the handset or handheld 

device. In many cases, a PCB designer will preferably lay out the 

module or chipset providing the wireless connectivity functionality, and 

the module or chipset for the mobile communication services, in different 

parts of the PCB. 

The first antenna can typically be, for instance and without limitation, a 

monopole antenna, an inverted-F antenna (IFA), a patch antenna, or a planar 

inverted-F antenna (PIFA). Some known solutions for said second antenna 

include antennas printed on the PCB of the device (such as, for example, but 

20 not limited to, a printed IFA), or an antenna component, or a chip antenna. 

However, the integration in a handset of a second antenna dedicated to the 

wireless connectivity services is not trivial. As the space available on the PCB 

of the device is scarce, antenna solutions with small footprints are 

25 advantageous. Printed antennas are typically not small in size, since their 

dimensions are approximately a quarter of an operating wavelength of the 

antenna. Chip antennas may achieve some degree of miniaturization (for 

instance, by loading the antenna with a material with high dielectric constant), 

however, in many cases, they exhibit poor matching levels, and limited 

30 bandwidth, efficiency and/or gain. 
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One additional problem that further complicates the integration of the wireless 

connectivity antenna in a handset or handheld device is the low isolation that is 

usually obtained between this antenna and the antenna used for mobile 

communications. 

lnterband isolation can be improved by separating the two antennas further 

apart, although this might not be practical in typical handsets due to their small 

size and due to the limited positions that are available to integrate the wireless 

connectivity antenna. This is the case especially for more recent handset 

1 O topologies, like for example flip-type (also known as clamshell) phones and 

slider-type phones (as the one schematically illustrated in Figure 1 Figs. 1 (A­

fil). As an alternative, a filter can be used to achieve the required level of 

isolation between antennas within the operating bands. However, this approach 

implies adding extra components on the PCB, thus using up more space on the 

15 PCB of the device, and resulting in an increase in cost of the handset. 

A conventional handset that includes an antenna for mobile communications 

and an antenna for wireless connectivity is depicted in Figure .Elg,_ 2. For this 

example, the handset has been selected to have a slider-type topology as 

20 schematically illustrated in Figure 1 Figs. 1 (A-B}. A slider-type handset 

comprises typically a first PCB (100) placed substantially above and parallel to 

a second PCB (102). The first PCB (100) has the ability to slide above the 

second PCB (102), so that the handset can be in a closed position, as shown in 

Figure 1 a Fig. 1 A or in an open position, as shown in Figure 1 b Fig. 1 B. 

25 Generally, the first PCB (100) and the second PCB (102) are electrically 

connected, for example by means of a flexible conductive film (not illustrated in 

Figure 1 Figs. 1 (A-B)). An antenna 101 is mounted at one end of the first PCB. 

In this case, the antenna is a Planar lnverted-F Antenna (PIFA), with a short­

circuit (101 B) to the ground-plane (in this case, to a conductive metal layer of 

30 the PCB) and with a feeding point (101 A) close to said short-circuit. 
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For the purpose of the example illustrated in Figure Fig. 2, the handset 

comprises a first antenna (201 ), placed on the top part of the first PCB (200), 

that operates at the frequency bands for mobile communications, and a second 

antenna (202) placed on the bottom right corner of the PCB (200) that operates 

5 at the frequency bands of the wireless connectivity services. The first antenna 

has a feeding point (201 A) and a short-circuit (201 B) to ground (namely, to a 

conductive metal layer of the PCB 200, constituting a ground-plane for the 

antenna). For illustrative purposes, in the example illustrated in f.i§-Hfe Fig. 2, the 

second antenna (202) is a surface mount technology (SMT) component 

1 O mounted on the PCB (200), although it could have been replaced by, for 

example, an antenna printed on the PCB (200). 

Some typical electrical results for the handset of Figure .Eig,____g are shown 

without any limiting purpose in Figure 3 Figs. 3(A-B}. Figure 3a Fig. 3A 

15 presents typical results of the input parameters of the antennas (i.e., return 

losses of each antenna, and isolation between antennas) when the slider-type 

phone is in the closed position, while Figure 3b Fig. 3B presents the typical 

results of the antennas when the phone is in the open position. In this example, 

the first antenna (201) was designed to have a multiband behavior, with a first 

20 resonance around 900MHz to provide coverage for the GSM900 service, and a 

second resonance around 1900MHz to provide service to the GSM1800 and 

GSM1900 services. On the other hand, the second antenna was designed to 

be tuned in the 2500MHz band. These frequency ranges have been selected 

just to illustrate the example, but the antennas could work in any frequency 

25 band included in the range from approximately 400MHz to approximately 

12GHz, including any subinterval. The isolation between the first antenna (201) 

and the second antenna (202) is 20dB in the 900MHz band, 18dB in the 

1900MHz band. The isolation degrades to 17dB at the center of the resonance 

of the second antenna around 2600MHz. 

30 
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Space Filling Curves 

In some embodiments of the invention, at least one antenna of the antennas 

included in the handset or handheld device may be miniaturized by shaping at 

5 least a portion of the conducting trace, conducting wire or contour of a 

conducting sheet of the antenna (e.g., a part of the arms of a dipole, the 

perimeter of the patch of a patch antenna, the slot in a slot antenna, the loop 

perimeter in a loop antenna, or other portions of the antenna) as a space-filling 

curve (SFC). 

10 

An SFC is a curve that is large in terms of physical length but small in terms of 

the area in which the curve can be included. More precisely, for the purposes of 

this patent document, an SFC is defined as follows: a curve having at least five 

segments, or identifiable sections, that are connected in such a way that each 

15 segment forms an angle with any adjacent segments, such that no pair of 

adjacent segments defines a larger straight segment. In addition, an SFC does 

not intersect with itself at any point except possibly the initial and final point 

(that is, the whole curve can be arranged as a closed curve or loop, but none of 

the lesser parts of the curve form a closed curve or loop). 

20 

A space-filling curve can be fitted over a flat or curved surface, and due to the 

angles between segments, the physical length of the curve is larger than that of 

any straight line that can be fitted in the same area (surface) as the space-filling 

curve. Additionally, to shape the structure of a miniature antenna, the segments 

25 of the SFCs should be shorter than at least one fifth of the free-space operating 

wavelength, and possibly shorter than one tenth of the free-space operating 

wavelength. The space-filling curve should include at least five segments in 

order to provide some antenna size reduction, however a larger number of 

segments may be used. In general, the larger the number of segments and the 

30 narrower the angles between them, the smaller the size of the final antenna. 
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Box-Counting Curves 

In other embodiments of the invention, at least one antenna of the antennas 

5 included in the handset or handheld device may be miniaturized by shaping at 

least a portion of the conducting trace, conducting wire or contour of a 

conducting sheet of the antenna to have a selected box-counting dimension. 

For a given geometry lying on a surface, the box-counting dimension is 

1 0 computed as follows. First, a grid with substantially square identical cells or 

boxes of size L 1 is placed over the geometry, such that the grid completely 

covers the geometry, that is, no part of the curve is out of the grid. The number 

of boxes N1 that include at least a point of the geometry are then counted. 

Second, a grid with boxes of size L2 (L2 being smaller than L 1) is also placed 

15 over the geometry, such that the grid completely covers the geometry, and the 

number of boxes N2 that include at least a point of the geometry are counted. 

The box-counting dimension D is then computed as: 

20 

D = _ Iog(N2) - Iog(Nl) 

Iog(L2) - log(Ll) 

For the purposes of the antennas included in the handset or handheld device 

described herein, the box-counting dimension may be computed by placing the 

first and second grids inside a minimum rectangular area enclosing the 

conducting trace, conducting wire or contour of a conducting sheet of the 

25 antenna and applying the above algorithm. The first grid should be chosen 

such that the rectangular area is meshed in an array of at least 5 x 5 boxes or 

cells, and the second grid should be chosen such that L2 = 1 /2 L and such that 

the second grid includes at least 1 0 x 1 0 boxes. The minimum rectangular area 

is an area in which there is not an entire row or column on the perimeter of the 

30 grid that does not contain any piece of the curve. 
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The desired box-counting dimension for the curve may be selected to achieve a 

desired amount of miniaturization. The box-counting dimension should be 

larger than 1 .1 in order to achieve a substantial antenna size reduction. If a 

5 larger degree of miniaturization is desired, then a larger box-counting 

dimension may be selected, such as a box-counting dimension ranging from 

1.5 to 3. For the purposes of this patent document, curves in which at least a 

portion of the geometry of the curve has a box-counting dimension larger than 

1.1 are referred to as box-counting curves. 

10 

For very small antennas, for example antennas that fit within a rectangle the 

longest side of which does not exceed one-twentieth the longest free-space 

operating wavelength of the antenna, the box-counting dimension may be 

computed using a finer grid. In such a case, the first grid may include a mesh of 

15 1 O x 1 O equal cells, and the second grid may include a mesh of 20 x 20 equal 

cells. The box-counting dimension (D) may then be calculated using the above 

equation. 

In general, for a given resonant frequency of the antenna, the larger the box-

20 counting dimension, the higher the degree of miniaturization that will be 

achieved by the antenna. One way to enhance the miniaturization capabilities 

of the antenna is to arrange the several segments of the curve of the antenna 

pattern in such a way that the curve intersects at least one point of at least 14 

boxes of the first grid with 5 x 5 boxes or cells enclosing the curve. If a higher 

25 degree of miniaturization is desired, then the curve may be arranged to cross at 

least one of the boxes twice within the 5 x 5 grid, that is, the curve may include 

two non-adjacent portions inside at least one of the cells or boxes of the grid. 

Figure 17 Figs. 17(A-B} illustrates an example of how the box-counting 

30 dimension of a curve (1700) is calculated. The example curve (1700) is placed 

under a 5 x 5 grid (1701) and under a 1 O x 1 O grid (1702). As illustrated, the 
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curve (1700) touches N 1 =25 boxes in the 5 x 5 grid (1701) and touches N2= 78 

boxes in the 1 O x 1 O grid (1702). In this case, the size of the boxes in the 5 x 5 

grid (1701) is twice the size of the boxes in the 1 Ox 1 O grid (1702). By applying 

the above equation, the box-counting dimension of the example curve (1700) 

5 may be calculated as D= 1.6415. In addition, further miniaturization is achieved 

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-adjacent segments of the curve. More specifically, 

the curve (1700) in the illustrated example crosses twice in 13 boxes out of the 

10 25 boxes. 

Grid Dimension Curves 

In some embodiments of the invention, at least one antenna of the antennas 

15 included in the handset or handheld device may be miniaturized by shaping at 

least a portion of the conducting trace, conducting wire or contour of a 

conducting sheet of the antenna to include a grid dimension curve. 

For a given geometry lying on a planar or curved surface, the grid dimension of 

20 curve may be calculated as follows. First, a grid with substantially identical cells 

of size L 1 is placed over the geometry of the curve, such that the grid 

completely covers the geometry, and the number of cells N1 that include at 

least a point of the geometry are counted. Second, a grid with cells of size L2 

(L2 being smaller than L 1) is also placed over the geometry, such that the grid 

25 completely covers the geometry, and the number of cells N2 that include at 

least a point of the geometry are counted again. The grid dimension D 

(sometimes also referred to as D9) is then computed as: 

30 
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For the purposes of the antennas included in the handset or handheld device 

described herein, the grid dimension may be calculated by placing the first and 

second grids inside the minimum rectangular area enclosing the curve of the 

antenna and applying the above algorithm. The minimum rectangular area is an 

5 area in which there is not an entire row or column on the perimeter of the grid 

that does not contain any piece of the curve. 

The first grid may, for example, be chosen such that the rectangular area is 

meshed in an array of at least 25 substantially equal cells. The second grid 

1 O may, for example, be chosen such that each cell of the first grid is divided in 4 

equal cells, such that the size of the new cells is L2 = ½ L 1, and the second 

grid includes at least 100 cells. 

The desired grid dimension for the curve may be selected to achieve a desired 

15 amount of miniaturization. The grid dimension should be larger than 1 in order 

to achieve some antenna size reduction. If a larger degree of miniaturization is 

desired, then a larger grid dimension may be selected, such as a grid 

dimension ranging from 1.5 - 3 (e.g., in case of volumetric structures). In some 

examples, a curve having a grid dimension of about 2 may be desired. For the 

20 purposes of this patent document, a curve having a grid dimension larger than 

1 is referred to as a grid dimension curve. 

In general, for a given resonant frequency of the antenna, the larger the grid 

dimension, the higher the degree of miniaturization that will be achieved by the 

25 antenna. One example way of enhancing the miniaturization capabilities of the 

antenna is to arrange the several segments of the curve of the antenna pattern 

in such a way that the curve intersects at least one point of at least 50% of the 

cells of the first grid with at least 25 cells enclosing the curve. In another 

example, a high degree of miniaturization may be achieved by arranging the 

30 antenna such that the curve crosses at least one of the cells twice within the 
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25-cell grid, that is, the curve includes two non-adjacent portions inside at least 

one of the cells or cells of the grid. 

Figure Fig. 18 shows an example of a two-dimensional antenna forming a grid 

dimension curve 1800 with a grid dimension of approximately two. Fig. 19 

5 shows the antenna of Figure Fig. 18 enclosed in a first grid 1900 having thirty­

two (32) square cells, each with a length L 1. Figure Fig. 20 shows the same 

antenna enclosed in a second grid 2000 having one hundred twenty-eight (128) 

square cells, each with a length L2. The length (L 1) of each square cell in the 

first grid is twice the length (L2) of each square cell in the second grid (L 1 = 2 x 

1 0 L2). An examination of Figure Fig. 19 and Figure Fig. 20 reveals that at least a 

portion of the antenna is enclosed within every square cell in both the first and 

second grids. Therefore, the value of N1 in the above grid dimension (D, 

sometimes also referred to as D9) equation is thirty-two (32) (i.e., the total 

number of cells in the first grid), and the value of N2 is one hundred twenty-

15 eight (128) (i.e., the total number of cells in the second grid). Using the above 

equation, the grid dimension of the antenna may be calculated as follows: 

log(128) - log(32) = 
2 

log(2 x L 1) - log(L 1) 

20 For a more accurate calculation of the grid dimension, the number of square 

cells may be increased up to a maximum amount. The maximum number of 

cells in a grid is dependent 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 more than the maximum number of cells is selected, 

25 however, then the accuracy of the grid dimension calculation begins to 

decrease. Typically, the maximum number of cells in a grid is one thousand 

(1000). 

For example, Fig. 21 shows the same antenna as that of Fig. 18 enclosed in a 

30 third grid 2100 with five hundred twelve (512) square cells, each having a 

length L3. The length (L3) of the cells in the third grid is one half the length (L2) 
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of the cells 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 of N for the second grid is one hundred twenty-eight (128). An 

examination of Fig. 21, however, reveals that the antenna is enclosed within 

5 only five hundred nine (509) of the five hundred twelve (512) cells of the third 

grid. Therefore, the value of N for the third grid is five hundred nine (509). Using 

~ Fig. 20 and Fig. 21, a more accurate value for the grid dimension (D9) of 

the antenna may be calculated as follows: 

10 
log(509) - log(128) ""1.

9915 
log(2 x L2) - log(L2) 

Multilevel Structures 

15 In some examples, at least a portion of the conducting trace, conducting wire or 

conducting sheet of at least one antenna of the antennas included in the 

handset or handheld device may be coupled, either through direct contact or 

electromagnetic coupling, to a conducting surface, such as a conducting 

polygonal or multilevel surface. A multilevel structure is formed by gathering 

20 several geometrical elements, such as polygons or polyhedrons of the same 

type (e.g., triangles, parallelepipeds, pentagons, hexagons, circles or ellipses -

in this context, circles and ellipses are considered to be polygons with a large 

number of sides-, as well as tetrahedral, hexahedra, prisms, dodecahedra, etc.) 

and coupling electromagnetically at least some of such geometrical elements to 

25 one or more other elements, whether by proximity or by direct contact between 

elements. The majority of the elements forming part of a multilevel structure 

have more than 50% of their perimeter (for polygon and surface like elements) 

not in contact with any of the other elements of the structure. Thus, the 

elements of a multilevel structure may typically be identified and distinguished, 

30 presenting at least two levels of detail: that of the overall structure and that of 

the polygon or polyhedron elements that form it. 
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Additionally, several multilevel structures may be grouped and coupled 

electromagnetically to each other to form higher-level structures. In a single 

multilevel structure, all of the component elements are polygons with the same 

5 number of sides or are polyhedrons with the same number of faces. However, 

this characteristic is not present when several multilevel structures of different 

natures are grouped and electromagnetically coupled to form meta-structures 

of a higher level. 

1 O A multilevel antenna includes at least two levels of detail in the body of the 

antenna: that of the overall structure and that of the majority of the elements 

(polygons or polyhedrons) which make it up. This may be achieved by ensuring 

that the area of contact or intersection (if it exists) between the majority of the 

elements forming the antenna is only a fraction of the perimeter or surrounding 

15 area of said polygons or polyhedrons. 

One property of multilevel antennae is that the radioelectric behavior of the 

antenna can be similar in more than one frequency band. Antenna input 

parameters (e.g., impedance and radiation pattern) remain similar for several 

20 frequency bands (i.e., the antenna has the same level of adaptation or standing 

wave relationship in each different band), and often the antenna presents 

almost identical radiation diagrams at different frequencies. The number of 

frequency bands is proportional to the number of scales or sizes of the 

polygonal elements or similar sets in which they are grouped contained in the 

25 geometry of the main radiating element. 

In addition to their multiband behavior, multilevel structure antennae may have 

a smaller than usual size as compared to other antennae of a simpler structure 

(such as those consisting of a single polygon or polyhedron). Additionally, the 

30 edge-rich and discontinuity-rich structure of a multilevel antenna may enhance 
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the radiation process, relatively increasing the radiation resistance of the 

antenna and reducing the quality factor Q (i.e., increasing its bandwidth). 

A multilevel antenna structure may be used in many antenna configurations, 

5 such as dipoles, monopoles, patch or microstrip antennae, coplanar antennae, 

reflector antennae, wound antennae, antenna arrays, or other antenna 

configurations. In addition, multilevel antenna structures may be formed using 

many manufacturing techniques, such as printing on a dielectric substrate by 

photolithography (printed circuit technique); dieing on metal plate, repulsion on 

1 0 dielectric, or others. 

Summary of the invention 

The invention relates to a device and method as defined in the independent 

15 claims. Some embodiments of the invention are defined in respective 

dependent claims. 

The present invention relates inter alia to a handset or handheld device (such 

as for instance a mobile phone, a smartphone, a PDA, a MP3 player, a 

20 headset, a USB dongle, a laptop, a PCMCIA or Cardbus 32 card), which 

comprises a first antenna for mobile communications (hereinafter also referred 

to as the mobile antenna), and a second antenna for at least a mobile 

communication service or a wireless connectivity service (hereinafter also 

referred to as the wireless connectivity antenna), wherein the said second 

25 antenna is a slot antenna. The slot antenna can require a very small area on 

the PCB. 

Slot antennas have conventionally not been considered appropriate for wireless 

handheld devices. Normally, conventional monopole antennas, patch 

30 antennas, inverted-F antennas (IFAs) and planar inverted-F antennas (PIFAs) 
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have been considered more appropriate, maybe due to issues such as 

radiation efficiency and/or tradition. 

However, it has been found that the use of a slot antenna as the wireless 

5 connectivity antenna for a handset or handheld device according to the present 

invention can be advantageous because: 

10 

15 

• it has a low profile and uses very little space of the PCB; 

• it is less sensitive to the size, shape or form factor of the PCB on which it 

is printed, etched, or mounted as an SMT component (see below). This 

can be particularly interesting for flip-type and slider-type 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; 

and/or 

• it can be polarized along a direction that is substantially orthogonal to 

the polarization of the mobile antenna. 

Actually, using a second antenna in the form of a slot antenna can be preferred 

inter alia in order to increase the isolation between the antennas. One reason 

for this is that in order to increase isolation, it can be advantageous to establish 

20 the at least two antennas so that the polarization of the radiation of one of the 

antennas is substantially orthogonal to the polarization of the radiation of 

another of said antennas. 

At a fist look, it could seem that this could also be easily accomplished by 

25 using, for example, two monopole antennas, directed in appropriate directions 

so as to establish an orthogonal relationship between the polarization of their 

radiations. However, a problem involved with hand-held devices is that the 

radiation of an antenna is substantially conditioned by the ground-plane, that is, 

normally, by at least one conductive layer of the PCB. In practice, normally both 

30 antennas are placed on the same ground-plane, therefore obtaining 

substantially orthogonally polarized radiation using two antennas of the same 
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type can be a difficult task, due to the influence of the common groundplane. 

Contrarily, when one of the antennas is a slot antenna, the radiation from said 

antenna will depend substantially less on the ground-plane, thus facilitating 

obtaining the above-mentioned orthogonally polarized radiation. 

In the present document, the expression "mobile antenna" and similar are used 

to refer to an antenna arranged to operate in a band corresponding to a mobile 

communication service, such as one of the mobile communication services 

mentioned above (GSM -GSM850, GSM900, GSM1800, American GSM or 

10 PCS1900, GSM450-, UMTS, WCDMA, and CDMA). In some embodiments of 

the invention, the expression "mobile antenna" refers to an antenna arranged 

for or capable of fully functioning or operating in one, two, three or more 

communication standards, and in particular mobile or cellular communication 

standards, each standard allocated in one or more frequency bands. In some 

15 embodiments of the invention, each of said frequency bands is fully contained 

20 

within one of the following regions of the electromagnetic spectrum: 

the 810MHz - 960MHz region, 

the 1710MHz - 1990MHz region, 

and the 1900MHz - 2170MHz region. 

The expression "wireless connectivity antenna" as used in this document is 

defined further above. In some embodiments of the invention, the expression 

"wireless connectivity antenna" refers to an antenna arranged for or capable of 

fully functioning or operating in one, two, three or more communication 

25 standards, and in particular wireless connectivity standards, each standard 

allocated in one or more frequency bands. In some embodiments of the 

invention, each of said frequency bands is contained within one of the following 

regions of the electromagnetic spectrum, indicated as examples and without 

limitation: 

30 
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• Industrial, Scientific, Medical (ISM) unlicensed bands, like for example 

the 915MHz ISM band (902-928 MHz), 2.4GHz ISM band (2400-2500 MHz), 

or 5.7GHz ISM band (5650-5925 MHz). 

• Unlicensed general telemetry bands, like for example the 433.05-

5 434.79MHz band, or the 868-870MHz band. 

According to the present invention, good isolation between antennas can be 

obtained by appropriately choosing the orientation on the PCB, and by 

selecting the antenna type (i.e., whether a given antenna substantially 

1 0 behaves as an electric current source, or as a magnetic current source) for 

each one of the antennas comprised in the handset or handheld device. In 

the present invention, slot antennas can be considered to substantially 

behave as magnetic current sources; when fed across the slot, an electric 

field is established over the slot (and electric currents are flowing along the 

15 edges of the slot), and an equivalent magnetic field is established 

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

In some cases, wherein the first antenna substantially behaves as an electric 

current source (such as for instance, but not limited to, a monopole antenna) 

20 and the second antenna substantially behaves as a magnetic current source 

(for instance, but not limited to, a slot antenna), good isolation between said 

first antenna and said second antenna can be obtained when the electric 

currents excited on at least a portion of the PCB (in this context, when 

referring to the PCB, reference is actually made to a conductive layer of the 

25 PCB, normally constituting a ground-plane of the handheld device) by the 

radiating mode of said first antenna are substantially parallel to the equivalent 

magnetic currents excited on at least a portion of the extension of said 

second antenna. 

30 In other cases, wherein the first and second antenna both behave as 

magnetic current sources, good isolation between said first antenna and 
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second antenna is achieved when the magnetic currents excited on at least a 

portion of the extension of the first antenna are substantially orthogonal to the 

magnetic currents excited on at least a portion of the extension of the second 

antenna. 

In order to improve isolation, the antennas can be placed separated as much 

as possible within the handset. In order to improve isolation, the antennas 

can be oriented with respect to each other so as to minimize coupling 

between the antennas. For example, the slot antenna can be placed on the 

1 0 PCB so that it is arranged substantially parallel to the currents induced in the 

PCB (in the ground-plane or conductive layer of the PCB) by the first 

antenna. This can imply, for example, arranging the slot (or slots) of the 

second antenna to be substantially or generally parallel to one of the sides of 

the ground-plane, for example, the longer sides of a substantially rectangular 

15 ground-plane. 

In this document, an antenna or the slot of a slot antenna is considered to 

extend (to be oriented) in the direction corresponding to the general 

longitudinal axis of symmetry of the smallest rectangle in which the radiating 

20 element of the antenna can be inscribed. Also, in this document, two 

directions are considered to be substantially parallel if they form an angle of 

less than or equal to approximately 30 degrees. Two directions are 

considered to be substantially orthogonal if they form an angle of not less 

than approximately 60 degrees and not more than approximately 120 

25 degrees. 

It can be advantageous to have the slot arranged so that at least two, three, 

four or more portions of the slot are parallel to each other. This may apply to 

straight and to non-straight segments. With this parallel arrangement, very 

30 compact antennas can be achieved, occupying less space. 
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The slot antenna can be implemented as a slot printed on or etched in the 

ground plane of the PCB, while in other cases the slot will be contained in a 

surface mount technology (SMT) type component mounted on the PCB of the 

handset or handheld device. When the slot is contained in a SMT type 

5 component, said component will comprise a conducting surface on which the 

slot is created. The SMT type component will provide at least one contact 

terminal accessible from the exterior of said SMT component to electrically 

connect said conducting surface with the ground plane of the PCB. In some 

embodiments, this contact terminal can take the form of a pad, or a pin, or a 

1 0 solder ball. It will be advantageous in some cases to define, on the PCB, a 

region of clearance of ground plane on the orthogonal projection of the 

component on the PCB on which it is mounted. In other cases, there will be 

ground plane on a portion of the orthogonal projection of the SMT component 

on the PCB, but not under the orthogonal projection of the slot on said PCB. 

15 

Yet in other embodiments, there will be ground plane also in a portion of the 

orthogonal projection of said slot on the PCB. In some examples, the fraction of 

the projection of the slot occupied by ground plane will be less than, or 

approximately equal to, 50%, 40%, 30%, 25%, 20%, 10% or 5% of the 

20 projection of the slot on the PCB. 

A slot antenna integrated in an SMT component can be useful for minimizing 

the ground plane clearance region needed on the PCB. Embedding a slot 

antenna in a discrete SMT component can be difficult due to the necessity to 

25 ensure good grounding of the conducting sheet in which the slot has been 

created, and to the complexity to couple the feeding signal into the SMT 

component. 

Some SMT component comprising slot antennas that can be used for the 

30 present invention are disclosed in PCT/EP06/062285, the content of which is 

incorporated herein, by reference. 

6029066v.l 47005-P040WUSC2 

EX1002 - Page 210



5 

10 

20 

Accordingly, SMT-type slot-antenna component useful in the present invention 

can comprise: 

■ at least one conductive surface (different from the conductive surface of 

the ground plane of the PCB) or a sheet of metal in which the pattern of 

a slot is created; and 

■ at least one contact terminal (also referred to as grounding terminal) 

accessible from the exterior of said component to electrically connect 

the conductive surface included in the slot-antenna component with the 

ground plane of the PCB. 

With this component it is possible to provide a slot antenna as a separate 

component which can be connected from the outside. The antenna may further 

15 comprise: 

20 

■ at least one contact terminal (hereinafter referred to as feeding terminal) 

to couple an electrical signal from the outside of the SMT-type slot­

antenna component with the slot defined in said at least one conductive 

surface. 

It will in principle also be possible to couple a feeding signal into the component 

indirectly by a capacitive or inductive coupling. For a good feeding, however, a 

direct electrical connection can be preferred. This can be achieved by the 

25 feeding terminal. In any case, the component does not need to have any 

internal means for generating an RF signal with which the antenna may be fed. 

Further, it can be preferred that the component further comprises a 
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■ dielectric substrate that backs said at least one conductive surface or 

sheet of metal, or in which said at least one conducting surface or sheet 

of metal is embedded. 

5 The dielectric substrate allows for the backing of thin metal layers and is a 

widely used technique for the preparation of components for the electronics 

industry. 

The terms sheet of metal and conductive surface are used as synonyms in the 

1 0 present document and relate to a conductive layer that can be supported by a 

circuit board or a piece of metal (for example, a rigid piece) such as e.g. a 

stamped metal piece. 

Additional pads may be provided which are not electrically connected inside the 

15 component or to the ground plane or a feeding element of the circuit board. 

Those pads may be useful fore mechanically holding the antenna component 

by the solder connection at that pad between the component and the circuit 

board. 

20 In some embodiments according to the present invention, the SMT component 

can also include one or several electronic elements or circuits, or the SMT 

component can take the form of an IC package. When the slot-antenna 

component takes the form of an IC package, then the slot contained in said IC 

package can preferably be excited with an RF feeding signal coupled from 

25 outside of said IC package, and not directly from a semiconductor die 

comprised inside said IC package. 

In certain of these embodiments, the electronic elements or circuits included in 

the SMT component or IC package will preferably be placed within the SMT 

30 component or IC package in such a way that they do not interfere with the 

projection of the slot contained in the SMT component. 
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In some other embodiments, a slot-antenna component may comprise more 

than one, two or three conductive surfaces in which a slot or a portion of a slot 

is created. By this technique it will be possible to "fold" the slot in the vertical 

5 direction, away from the PCB. Therefore, the footprint area on the PCB 

required for such an antenna can be significantly reduced in comparison to 

antennas where the slot is "folded" in a plane parallel to the PCB surface plane. 

Most conveniently, two conducting surfaces can be provided on the two 

opposite large sides of a circuit substrate. If a multilayer circuit substrate is 

1 0 used, further surfaces can be provided in order to form the slot antenna in the 

component. 

The different surfaces may be connected or may remain unconnected. The 

connection may be done by a via hole or by a connection around the edge of a 

15 circuit substrate. 

In order to protect a conducting layer, it will be advantageous to cover that layer 

with a protective layer, to prevent corrosion. Further, such a protective layer 

can be used to define terminals on the conducting layer which are then 

20 available for, e.g., a solder connection. 

The antenna characteristics can further be chosen by using open-ended or 

closed-ended slot geometries. Any end of the antenna may be open or closed. 

25 In some embodiments it is advantageous to place grounding terminals to 

connect the conductive surface with the ground-plane of the PCB close to at 

least two opposite edges of the slot-antenna component, preferably those two 

opposite edges that are the farthest apart from each other, so that the electric 

currents induced by the operation of the slot antenna on the conductive surface 

30 can flow through grounding terminals into the ground-plane of the PCB as if the 
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conductive surface and the ground-plane of the PCB were one single 

conductive surface. 

In certain cases it might be interesting to place a grounding terminal 

5 substantially close to at least two corners of said at least two opposite edges of 

the component, preferably the four corners of said two opposite edges of said 

component. 

Further it can be preferred to extend one or more ground terminals along a 

1 O major part of the length of an edge of the component or of the conductive 

surface. For example, the ground terminal may extend along at least 40%, 

50%, 60%, 70%, 80%, 90% or 95% of the length of an edge. Thereby a good 

connection of the conductive surface to the ground plane of the PCB can be 

achieved. This is in particular the case where two grounding terminals extend 

15 along opposite edges such as the short and/or the long edges. One ground 

terminal may also be bent such that it is L- ,U- or O-shaped and is preferably 

provided along one, two, three or four neighboring edges. 

Furthermore, in some embodiments it can be advantageous to place grounding 

20 terminals at two sides of a feeding terminal and substantially close to said 

feeding terminal. This arrangement can be used to effectively excite the slot. 

Further in some cases it can be advantageous to provide the feeding terminals 

on two sides of the slot. Then it is possible to combine the slot with another slot 

25 by connecting the respective two edges of the two slots, thereby forming a 

larger slot. 

In some embodiments the feeding means of the slot-antenna component 

comprise a feeding contact and a conductive strip. Said conductive strip can be 

30 advantageously printed or etched on the same conductive surface as the slot, 

thus making the feeding means coplanar with the slot. The conductive strip 
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connects the feeding terminal with the edge of slot that is farther away from the 

contact terminal. 

A clearance region can be provided at least on one, two, or three sides of the 

5 feeding terminal. This is in particular useful if the terminal is only used for 

feeding purposes. If the feeding terminal is also used for grounding purposes 

such clearance might not be present. 

Also for the conductive strip a clearance may be provided. This clearance may 

1 0 not be necessary if the conductive strip is provided on a different level than the 

conductive surface with the slot. If the conductive strip is provided on a different 

level it may be connected to the conductive surface of the slot by a via hole or 

capacitive or inductive coupling. In the same way, the coupling between the 

feeding terminal and the conductive strip may be made by capacitive, inductive 

15 or direct electrical contact coupling. 

In order to form pads on the PCB for receiving the terminals of the antenna 

component without however unnecessarily reducing the ground plane 

clearance, it is advantageous to provided protrusions of the ground plane which 

20 extend into clearance. 

Further, the size of the area of the clearance may be smaller than the size of 

the antenna component. 

25 In certain embodiments, the slot-antenna component is electrically coupled, by 

means of feeding terminals, with a slot created on the ground-plane of the PCB 

of the wireless device. In other words, a slot antenna is formed by combining 

the slot pattern printed or etched in the ground plane of the PCB, with the slot 

pattern included in the SMT component. Having a portion of the slot antenna 

30 printed or etched in the ground plane of the PCB can be advantageous, 

particularly because this: 
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• allows the fine tuning of the antenna to account for changes in the 

dimensions and/or form factor of the ground plane of the PCB to 

which the slot-antenna component is connected, or the effects of 

dielectric (e.g., plastic) casings or enclosures, by simply acting on the 

portion of the slot antenna printed on the ground plane of the PCB. 

• provides the PCB designer with more flexibility when laying out the 

different electronic components on the PCB, as the shape of the 

portion of slot antenna created in the ground plane can be selected, 

for example, to meet space constraints, or to minimize the distance 

of the antenna to the RF circuit. 

Since this is achieved by acting only on the portion of the slot printed or etched 

15 on the ground plane of a PCB, while leaving the geometry of the slot contained 

in a conductive surface of an SMT component unchanged, such embodiments 

are effective in providing a standard component that can be used in a great 

variety of application environments. 

20 In order to arrange the antenna such that as much space as possible is left 

over for other components, it can be advantageous to orient an edge, 

especially a long edge, of the SMT-type slot antenna component substantially 

parallel to the short or long edge of the circuit board. 

25 The antenna component should not be to far away from the edge of the PCB. 

This facilitates providing a clearance and assures good radiation 

characteristics. 

In some embodiments, the antenna component is preferably located on or 

30 close to the middle of an edge and in particular on or close to the middle of a 

long edge of the circuit board or the ground plane. A symmetric location with 

6029066v.l 47005-P040WUSC2 

EX1002 - Page 216



26 

respect to the ground plane can provide a more predictable polarization 

characteristic since currents induced in the ground plane are not redirected in 

an asymmetric way by the shape of the ground plane. This may apply even if 

the antenna itself is not symmetric but the location of the antenna on the 

5 ground plane is symmetric or almost symmetric. 

10 

The slot of the component may be excited by balanced or unbalanced feeding. 

This can be done with the help of a coplanar or coaxial transmission line or a 

microstrip transmission line. 

By combining the slot of a ground plane and the slot of a slot-antenna 

component it is possible to obtain combined slots which are open at none, one, 

or two ends. 

15 If such a combined slot is provided, this combined slot may be excited by 

exciting the slot portion of the antenna component or the slot portion of the 

ground plane. The latter may be preferred since with this technique it is 

possible to connect an RF-generator directly with the ground plane of the circuit 

board on which the RF-generator itself is arranged. 

20 

Another aspect of the invention relates to a technique to further improve the 

isolation between a mobile antenna and a wireless connectivity antenna in a 

handset or handheld device, for example, by acting on the geometry of the 

mobile antenna to eliminate any resonance modes that might fall within any of 

25 the operating bands of the wireless connectivity antenna, in line with what is 

claimed and described below. In the present text, "operating band" especially 

implies a band in which the antenna features similar values for a number of 

parameters representative of the antenna performance. 

30 
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List of figures 

Further characteristics and advantages of the invention will become apparent in 

view of the detailed description which follows of some preferred embodiments 

5 of the invention given for purposes of illustration only and in no way meant as a 

definition of the limits of the invention, made with reference to the 

accompanying drawings, in which: 

Fig.--4 Figs. HA-B) - Example of a prior art slider-type handset carrying an 

1 0 antenna for mobile communications (101) and comprising a top PCB (100) (the 

dimensions of which could be, for example, 78mm x 40mm) and a bottom PCB 

(102) (for example, with the dimensions 70mm x 35mm): {a} (Fig. 1A) General 

view of the PCBs of the handset in the closed position; and {b} (Fig. 1 B) 

general view of the PCBs of the handset in the open position. 

15 

20 

Fig. 2 - Top view of an example of a prior art handset comprising a first 

antenna for mobile communications placed on the top portion of the PCB of the 

handset and a second antenna for wireless connectivity services placed on the 

bottom right corner of the PCB. 

Fig. 3 Figs. 3(A-B) - Typical electrical performance of the antennas of the 

handset shown in {a} Fig. 3A: Return loss of each antenna and isolation 

between antennas when the handset is in closed position; and {b} (Fig. 38) 

return loss of each antenna and isolation between antennas when the handset 

25 is in open position. 

Fig..--4 Figs. 4(A-B) - Top view of a handset according to an embodiment of the 

present invention, including a first antenna for mobile communications placed 

on the top portion of the PCB of the handset and a second antenna for wireless 

30 connectivity services placed on the bottom right corner of the PCB, wherein the 

second antenna is a slot antenna: {a} (Fig. 4A) General view of the PCB of the 
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handset carrying the two antennas; and {I» (Fig. 48) detailed view of the region 

that contains the slot antenna. 

Fig. 5 Figs. (A-8) - Typical electrical performance of the antennas of the 

5 handset shown in -F-i§--,-4 Figs. (A-B}: {a} (Fig. SA) Return loss of each antenna 

and isolation between antennas when the handset is in closed position; and {b} 

(Fig. 58) return loss of each antenna and isolation between antennas when the 

handset is in open position. 

Fig. 6 - Typical radiation and antenna efficiency of the slot antenna for wireless 

1 0 connectivity integrated in the handset of Fig. 4. 

15 

Fig. 7 (A-1) - Top view of some implementations of the handset comprising a 

mobile antenna 701 and a slot antenna (black line) 702 on the PCB (700) for 

wireless connectivity services. 

Fig. 8 Figs. S(A-8) - Typical electrical performance of the antennas of the 

handset shown in Figure 7b Fig. 7B: {a} (Fig. SA) Return loss of each antenna 

and isolation between antennas when the handset is in closed position; and {b} 

(Fig. 88) return loss of each antenna and isolation between antennas when the 

20 handset is in open position. 

Fig. 9 (a) Figs. 9(A-C) Detailed view of an example of a handset comprising 

a first antenna for mobile communications and a second antenna for wireless 

connectivity services. The geometry of the antenna for mobile communications 

25 can be tailored according to the teachings of the present invention to enhance 

the isolation with the antenna for wireless connectivity services by ~ (Fig. 98) 

modifying the dimensions of an arm of the mobile antenna; or {G} (Fig. 9C) 

folding an arm of the mobile antenna. 
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Fig. 10 - Comparison of typical levels of isolation between the mobile antenna 

and the wireless connectivity antenna that can be obtained before and after 

modifying the mobile antenna as depicted in Fig. 9e-9B. 

Fig. 11 Figs. 11 (A-8) - Detailed view of an antenna for mobile 

communications whose geometry has been modified according to the 

teachings of the present invention to enhance the isolation with the antenna for 

wireless connectivity services by increasing the length of a slot defined in the 

structure of the mobile antenna by means of: {a} (Fig. 11 A) shaping the slot as 

1 0 a meander-like curve; or {b} (Fig. 118) adding a conductive strip inside the 

aperture of the slot. 

Fig. 12 - Comparison of typical levels of isolation between the mobile antenna 

and the wireless connectivity antenna that can be obtained before and after 

15 modifying the mobile antenna as depicted in Fig. 4---+a-11 B. 

Fig. 13 Figs. 13(A-8) - Detailed view of the top portion of the PCB of a 

handset showing different embodiments according to the present invention to 

enhance the isolation between an antenna for mobile communications and an 

20 antenna for wireless connectivity services by: {a} (Fig. 13A) introducing a slot 

on the PCB; or {b} (Fig. 138) placing a conductive stripe above the PCB that is 

shorted on one end to the PCB. 

Fig. 14 - Comparison of typical levels of isolation between the mobile antenna 

25 and the wireless connectivity antenna that can be obtained before and after 

modifying the PCB of the handset as depicted in Fig. -+dB 13B. 

Fig. 15 Figs. 1 S(A-8) - Embodiment of a handset according to the present 

invention including a mobile antenna, a wireless connectivity antenna, and 

30 parasitic element to enhance the isolation between antennas: {a} (Fig. 15A) 

General view of the PCB of the handset; and fbt-(Fig. 158) detailed view of the 
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top portion of the PCB of the handset showing the shape of the parasitic 

element. (For the sake of clarity, in Fig. +§la 15B the parasitic element appears 

to be above the mobile antenna, although in reality it is placed below the mobile 

antenna but above the plane of the PCB of the handset, that is, between the 

5 mobile antenna and the PCB of the handset.) 

Fig. 16 - Comparison of typical levels of isolation between the mobile antenna 

and the wireless connectivity antenna that can be obtained before and after 

introducing a parasitic element, like the one shown in Fig. 15 Figs. 15(A-B}, in 

1 0 the handset. 

Fig. 17 Figs. 17(A-B) - Example of a box counting curve located in a first 

grid (Fig. 17 A) of 5x5 boxes and in a second grid (Fig. 178) of 1 0x1 0 boxes. 

15 Fig. 18 - Example of a grid dimension curve. 

20 

25 

Fig. 19 - Example of a grid dimension curve located in a first grid. 

Fig. 20 - Example of a grid dimension curve located in a second grid. 

Fig. 21 - Example of a grid dimension curve located in a third grid. 

Fig. 22 Figs. 22(A-B) - Example of a slot antenna component. 

Fig. 23 Figs. 23(A-C) - Different examples of possible locations of a slot 

antenna component on the circuit board. 

Description of the preferred embodiments 

30 In some preferred embodiments of the handset or handheld device of the 

present invention, said handset or handheld device comprises a first antenna 
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used for at least one mobile communication service, and a second antenna 

used for at least one wireless connectivity service, wherein the second antenna 

is a slot antenna (cf. for example Figure 4 Figs. 4(A-B}). In the example of 

Figure 4 Figs. 4(A-B}, and without being a limitation of the invention, the slot 

5 (402) has been created in the ground plane of the PCB (400) (namely, in a 

conductive metal layer of the PCB) on its right hand side and near the bottom 

(considering a groundplance arranged in the vertical plane and with the 

mobile antenna 401 at its top end, as illustrated in Figure 4 Figs. 4(A-B}). The 

shape of the slot (402), and the length and widths of each one of the 

1 0 segments that form the said slot (402), can be selected to meet the 

requirements of resonance frequency, electrical performance, and maximum 

PCB area constraint, of a given handset or handheld device. 

In the example of Figure 4 Figs. 4(A-B}. the slot (402) intersects the perimeter 

15 of the ground plane of the PCB (400) at one point (406). In other words, the 

slot (402) is not completely surrounded by conducting materials. In some 

preferred cases, the unfolded length of the slot (402) will be approximately a 

quarter of an operating wavelength of the slot antenna. In some other cases, 

the unfolded length of the slot (402) will be approximately three times, or 

20 approximately five times, or approximately another odd integer number of 

times, the length of one quarter of an operating wavelength of the slot 

antenna. 

In other embodiments, the slot might intersect the perimeter of the ground 

25 plane of the PCB on which is placed at least at one point, such as for 

example at two points. In yet some other embodiments, the slot might not 

intersect the perimeter of the ground plane of the PCB on which is placed. 

That is, the slot is in these cases completely surrounded by conducting 

material (in the layer or layers containing the slot). In some embodiments, it 

30 might be advantageous that the unfolded length of the slot be approximately 

twice, or approximately four times, or approximately another even integer 
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number of times, the length of one quarter of an operating wavelength of the 

slot antenna. 

In order to minimize the coupling between the first antenna (401) and the 

5 second antenna (402) (i.e., to maximize the isolation), the design of the slot 

(402) and its orientation with respect to the PCB (400) is selected such that 

the slot (402) is substantially parallel to the direction of the currents excited 

on the PCB (400) by a resonating mode of the first antenna (401 ), at least on 

a portion of the PCB (400). In some cases, it is advantageous to design the 

1 0 slot (402) such that it is substantially parallel to the longer side of the 

conductive layer or ground-plane of the PCB (400), because the currents 

excited on said PCB (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 

context of this application, two directions are considered to be substantially 

15 parallel if they form an angle of less than, or equal to, approximately 30 

degrees. Also in the context of this application, the direction of a slot is defined 

by the direction of the longest side of the minimum rectangular area in which 

said slot is or can be inscribed. 

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

particular resonance frequency, so that said first antenna behaves substantially 

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

embodiments it will be advantageous to align the said slot of the first antenna 

along a first direction and the slot of the second antenna along a second 

25 direction, said first direction being substantially orthogonal to said second 

direction. In the context of this application, two directions are considered to be 

substantially orthogonal if they form an angle in the range from approximately 

60 degrees to approximately 120 degrees. 

30 The shape of the slot (402) can comprise straight and curved segments, not 

necessarily all segments being of the same length (see examples in Figure 7 
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Figs. 7(A-I)). In the same way, the separation between the conductive edges of 

each segment of the slot (402) does not have to be the same for all segments, 

nor constant for any given segment (i.e., any segment of the slot (402) can be 

tapered). 

In some examples, the slot (402) might have one, two, three, or more bends. 

In general, as the number of bends in the slot (402) increases, the shape of 

the slot (402) becomes more and more convoluted, leading to a higher 

degree of miniaturization of the resulting slot antenna. 

In some cases, the slot antenna can advantageously be excited by applying 

a voltage difference between the opposite conductive edges of the slot (402) 

at a particular point (408) along the geometry of the slot (hereinafter referred 

to as the feeding point). In some embodiments, the feeding point (408) will be 

15 closer to the closed end of the slot (407) than to the open end of the slot 

(406). In certain examples, the distance between the feeding point (408) and 

the closed end of the slot (407) will be less than, or equal to, 0.2%, 0.4%, 

0.8%, 1.2% 1.6%, 2.5%, 3.3%, 4% or 8% of a free-space operating 

wavelength of the slot antenna. 

20 

In some examples, it will be advantageous to have the slot antenna (402) 

inscribed in a rectangular area (403) of width (405) smaller than 1/50 of the 

free-space operating wavelength of the slot antenna (402), and length (404) 

smaller than 1 /4 of the free-space operating wavelength. Being more general, 

25 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 fractions: 1/10, 1/30, 1/50, 1/60, 1/70, or 1/80. In the same way, 

for some embodiments, said length (404) divided by the free-space operating 

wavelength of the slot antenna can be smaller than, or equal to, at least one of 

30 the following fractions: 1/2, 1/3, or 1/4. In some other instances, it will be 

advantageous that the sum of the length (404) and the width (405) of the 
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rectangular area (403) in which the slot is inscribed be smaller than 1 /2 of the 

free-space operating wavelength, or even smaller than 1/4 of the free-space 

operating wavelength. Furthermore, it will be advantageous in some cases that 

the separation between the two edges of the slot (402) be within a range from 

5 approximately 0.08% of the free-space operating wavelength to approximately 

8% of a longest free-space operating wavelength, including any subinterval of 

said range. 

~ Figs. 5(A-B} presents, without any limiting purpose, an example of 

1 O electrical results for the handset of ~ Figs. 4(A-B} according to the present 

invention. Figure 5a Fig. 5A presents typical values of the input parameters of 

the antennas (i.e., return losses of each antenna, and isolation between 

antennas) when the slider-type phone is in the closed position, while Figure 5b 

Fig. 5B presents the typical results of the antennas when the phone is in the 

15 open position. In this example, the first antenna (401) was designed to have a 

multiband behavior, with a first resonance around 900MHz to provide coverage 

for the GSM900 service, and a second resonance around 1900MHz to provide 

service under the GSM1800 and GSM1900 standards. On the other hand the 

second antenna was designed to be tuned in the 2500MHz band. The isolation 

20 between the first antenna (401) and the second antenna (402) exceeds 30dB in 

the 900MHz band, is better than 23dB in the 1900MHz band, and better than 

21 dB in the 2500MHz band. The level of isolation attained between the 

antennas of the example shown in Figure 4 Figs. 4(A-B} is better than the 

results obtained for the example of a conventional prior-art arrangement in 

25 Figure .Eig,_ 2. A typical radiation performance of the slot antenna (402) is shown 

without any limiting purpose in Figure~- The slot antenna (402) has a level 

of radiation efficiency in excess of 60% in its band of operation both in the open 

and closed positions of the handset. 

30 Figure 7 presents Figs. 7(A-I} present, without any limiting purpose, some 

embodiments for the present invention of a handset or handheld device 
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comprising a slot antenna. Generally, it will be preferable to keep the 

separation between the mobile antenna (701) and the wireless connectivity 

antenna (702) as large as possible in order to maximize the isolation between 

the antennas. For example, isolation between the antennas on the PCB for the 

5 case of Figure 7c Fig. 7C is expected to be better than for the case of Figure 7a 

Fig. 7 A, as the separation between the antennas is larger. However, in certain 

embodiments it may not be possible to place the mobile antenna (701) and the 

wireless connectivity antenna (702) further apart. In these cases it will be 

especially necessary or convenient to use additional techniques to further 

1 0 improve the isolation between the mobile antenna and the wireless connectivity 

antenna by acting either on the geometry of the mobile antenna, or on the PCB 

of the handset or the handheld device, or on both. 

The electrical performance of the antennas in the embodiment of Figure 7b 

15 Fig. 7B is presented without any limiting purpose in Figure 8 Figs. 8(A-B}. As it 

can be observed, the return loss of each antenna is practically the same as the 

one already presented in Figure 5 Figs. 5(A-B}. However, there is a 

degradation in the isolation between the mobile antenna (701) and the wireless 

connectivity antenna (702), predominantly around 2400MHz, linked to the 

20 smaller separation between the antennas. 

Another aspect of the invention relates to techniques to enhance the isolation 

between the mobile antenna and the wireless connectivity antenna. Some of 

these techniques comprise the steps of shaping the geometry of the mobile 

25 antenna to eliminate higher order resonant modes or spurious modes that may 

fall within an operating band of the wireless connectivity antenna (or vice­

versa), giving rise to strong coupling of the mobile antenna with the wireless 

connectivity antenna. 

30 In some embodiments, the mobile antenna can comprise features (such as, for 

instance, a slot, or a strip of metal) with an electrical length close to 
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approximately an integer multiple of a quarter of an operating wavelength of the 

wireless connectivity antenna. For example, in the embodiment of Figure 9a 

Fig. 9A, the mobile antenna (901) comprises a slot (903) that has a length of 

approximately a quarter of the wavelength at 2600MHz, corresponding to an 

5 operating band of the wireless connectivity antenna. For the purposes of this 

example and the following ones, a wireless connectivity antenna (902) (for 

example, embodied in a slot antenna component) has been placed near the top 

left corner of the PCB (900) underneath the mobile antenna (901 ). As 

commented previously, this is not a particularly advantageous position for the 

1 O wireless connectivity antenna (902), as the little distance with respect to the 

mobile antenna (901) can imply poor isolation. As it can be seen in Figure 

Fig. 10, a typical level of isolation between antennas at 2600MHz is 

approximately 8dB. However, this antenna arrangement will help to illustrate 

the improvement in isolation between antennas that can be achieved by 

15 following the teachings disclosed in this patent application. 

In order to increase the isolation between antennas, the length of the slot (903) 

can be shortened to force the associated resonance frequency to move 

towards higher frequencies, away from the wireless connectivity band. In the 

20 embodiment illustrated in Figure 9b Fig. 9B, the conducting arm of the mobile 

antenna (934) has been shortened by some amount with respect to the original 

arm (904), so that the resulting slot (933) is shorter or substantially shorter than 

a quarter of the relevant resonant wavelength of the wireless connectivity 

antenna and therefore resonates at a higher frequency. 

25 

The resonance frequencies of the mobile antenna (931) might shift in frequency 

as a consequence of the shortening of the conducting arm (934). The operating 

bands of the mobile antenna (931) can be readily retuned using for example a 

matching network at the feeding point of the antenna. As an alternative, it can 

30 be preferred to lengthen the arm (934) to retune the operating bands of the 

mobile antenna (931 ), while keeping the length of slot (933) constant. In that 
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sense, the embodiment in Figure 9c Fig. 9C shows a mobile antenna (961) in 

which the conducting arm (964) has been folded as a U shape, while ensuring 

that the length of the slot (963) is shorter than that of the slot (903) in Figure 9a 

Fig. 9A. In this case, the end of the conducting arm (964) does not coincide 

5 with the open end of the slot (963), as it was the case of embodiment in 

Figure 9a Fig. 9A, where the tip of arm (904) defined the open end of the slot 

(903). Figure Fig. 1 0 presents without any limiting purpose a typical antenna 

isolation that can be obtained with a modified mobile antenna like the one in 

Figure 9c Fig. 9C, and compares it with the isolation obtained with the original 

1 0 mobile antenna Figure 9a (Fig. 9A). 

In some cases, in order to achieve a good improvement in isolation between 

antennas, the length of a slot, or a conducting strip, or more generally a 

geometric feature of the mobile antenna which has an associated resonance 

15 within a band of the wireless connectivity antenna, will be modified (i.e., 

shortened or enlarged) about 12%, or about 20%, or even about a 30%, of the 

original length of said slot, or said conducting strip, or said geometrical feature 

of the mobile antenna. 

20 In some other embodiments it can be advantageous to increase a dimension of 

a feature of the mobile antenna with an associated resonance at a frequency 

within an operating band of the wireless connectivity antenna. Figure 11 

Figs. 11 (A-B} discloses two embodiments of a handset comprising a mobile 

antenna and a wireless connectivity antenna that use this technique to improve 

25 the antenna isolation. In the case of Figure 11 a Fig. 11 A, the slot (903) in the 

original mobile antenna (901) has been replaced by a meander-like slot (1103) 

to make it electrically longer and shift the resonance associated to 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 

30 preferably shaped as a space-filling curve, a box-counting curve, a grid-
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dimension curve, or a fractal based curve, to achieve maximum size 

compression. 

The embodiment in Figure 11 b Fig. 11 B illustrates another way of increasing 

5 the electrical length of the slot (903) of the original mobile antenna (901 ). In this 

case, the mobile antenna (1151) comprises a metal strip (1154) that is placed 

between the edges of the slot (903) and shorted at one end to the main body of 

the mobile antenna (1151) in the region (1155). In certain cases, the metal strip 

(1154) will be long enough to cover substantially the slot (903), while in other 

1 O cases the metal strip (1154) will be shorter and be placed in just a portion of the 

slot (903). The resulting "Li-shaped" slot will have an associated resonance 

frequency lower than that of the original slot (903). Figure .Eig,_ 12 presents 

without any limiting purpose a typical antenna isolation that can be obtained 

with a modified mobile antenna like the one in Figure 11 b Fig. 11 B, and 

15 compares it with the isolation obtained with the original mobile antenna 

Figure 9a (Fig. 9A). In some embodiments, such a technique improves the 

isolation by 4dB or more. 

Some other techniques to enhance the isolation between the mobile antenna 

20 and the wireless connectivity antenna in a handset or handheld device 

according to the present invention comprise the steps of modifying the 

geometry of the PCB of said handset or handheld device to introduce on said 

PCB a feature able to increase the isolation between antennas in a particular 

frequency band. 

25 

Figure 13a Fig. 13A presents an embodiment of a handset comprising a mobile 

antenna (1301 ), a wireless connectivity antenna (1302) and a PCB (1300), 

wherein a slot (1304) has been created in a ground plane of said PCB (1300). 

The slot (1304) features an open end. That is, the slot (1304) intersects the 

30 perimeter of the conducting pattern of the PCB (1300) in at least one point. In 

other words the slot (1304) is not completely surrounded by conducting 
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materials. In this example, the unfolded length of the slot (1304) has been 

selected to be approximately a quarter of the wavelength at the frequency for 

which the isolation between antennas needs to be enhanced. More generally, 

the length of the slot (1304) can be adjusted to be approximately an odd integer 

5 multiple of a quarter of the wavelength at the frequency for which a higher level 

of isolation is needed. 

A purpose of the slot (1304) is to present a high impedance path to the currents 

flowing on the perimeter of the ground plane of the PCB (1300) on which the 

1 0 slot (1304) is placed and/or along a preferred path between the feeding points 

of the first and second antennas (the feeding point of said second antenna 

(1302) is placed under the first antenna (1301 ), at the left of the slot (1304) in 

Figure 13a Fig. 13A). Therefore, it will be preferred in certain embodiments, in 

order to increase the isolation, to place the slot (1304) at a point along the 

15 perimeter of the ground plane of the PCB (1300) in which the currents flowing 

from the wireless connectivity antenna (1302) towards the mobile antenna 

(1301) along the perimeter of the ground plane of the PCB (1300) are strong. In 

other embodiments, a purpose of shaping the ground plane with for instance 

one or more slots is to alter the phase and amplitude of the coupling and to 

20 generate multiple signal coupling paths such that those multiple signals cancel 

or partially cancel each other. 

Figure 13b Fig. 13B discloses another embodiment of a handset comprising a 

mobile antenna (1301 ), a wireless connectivity antenna (1302) and a PCB 

25 (1350), wherein a conductive stripe (1354) has been placed above, and 

substantially parallel to, the ground plane of the said PCB (1350) and shorted at 

one end to the said PCB (1350). In the example of the figure, the unfolded 

length of the conducting stripe (1354) has been selected to be approximately a 

quarter of the wavelength at the frequency for which the isolation between 

30 antennas needs to be enhanced. Being more general, the length of the 

conducting stripe (1354) can be adjusted to be approximately an odd integer 
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multiple of a quarter of the wavelength at the frequency for which a higher level 

of isolation is needed. 

Similarly to the slot (1304) in Figure 13a Fig. 13A, a purpose of the conducting 

5 strip (1354) is to present a high impedance path to the currents flowing on the 

ground plane of the PCB (1350) from the wireless connectivity antenna (1302) 

towards the mobile antenna (1301) (or viceversa). Therefore, it will be 

advantageous in some cases, to place the shorted end of the conducting stripe 

(1354) at least a distance of approximately a quarter of the wavelength at the 

1 O frequency for which a higher level of isolation is needed, on the path that the 

currents flowing from the wireless connectivity antenna (1302) towards the 

mobile antenna (1301) follow on the ground plane of the PCB (1350) (or 

viceversa). 

15 Figure Ei9.,_ 14 presents, without any limiting purpose, typical antenna isolation 

that can be obtained by using a handset with a modified PCB as the one 

disclosed in Figure 13b Fig. 13B. Compared with the isolation curve obtained in 

the original handset Figure 9a (Fig. 9A), the presence of the shorted conducting 

strip (1354) introduces a deep notch in the isolation in the region between 

20 2600MHz and 2800MHz, where the original handset had a poor isolation. 

In other embodiments, the ground plane of the PCB of the handset or handheld 

device can have two or more slots, like the slot (1304) in Figure 13a Fig. 13A, 

or two or more conducting strips shorted to the ground plane of the PCB, like 

25 the conducting stripe (1354) in Figure 13b Fig. 13B. By adjusting the number 

and length of the slots or the conducting strips, the frequency behavior of the 

isolation between antennas can be tailored. In general, for a wide-band 

behavior, the length of the slots or the conducting strips will be substantially 

similar. For a multiband response with no overlapping between frequency 

30 bands, the length of each slot or each conducting strip is associated mainly with 

the center frequency of a particular band at which the isolation between 
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antennas needs to be increased. In yet other embodiments, a single slot (or a 

single conducting strip) with multiple branches can be used to obtain an 

improvement in the isolation with a wideband or multiband behavior. 

5 In yet other embodiments, the handset or handheld device comprises a mobile 

antenna (1501 ), a wireless connectivity antenna (1502), and a conducting strip 

(1504) placed in the vicinity of the mobile antenna (1501) and the wireless 

connectivity antenna (1502), but differently from what is disclosed in Figure 13b 

Fig. 13B, said conducting strip (also referred to as parasitic element) is not 

1 0 connected to the ground plane of the PCB (1500). In the example of the 

Figure 15 Fig. 15(A-B), the unfolded length of the conducting strip (1504) has 

been selected to be approximately half of the wavelength at the frequency for 

which the isolation between antennas needs to be enhanced. The resonance 

introduced by said conducting strip (1504) enhances the curve of isolation 

15 between antennas (see Figure & 16, which is provided for the purposes of 

illustration only and in no way meant as a definition of the limits of the 

invention), improving substantially the isolation in the desired band (the 

2600MHz - 2800MHz region in this particular example). This conductive strip 

(1504) basically functions as a shield for the electromagnetic radiation between 

20 the two antennas. 

In some embodiments of the present invention (see for example Figures13 and 

+&-Figs. 13(A-B} and 15(A-B}) at least a portion of the slot (1304), or a portion 

of the conducting strip (1354, 1504) will preferably be shaped as a space-filling 

25 curve, a box-counting curve, a grid-dimension curve, or a fractal based curve, 

to achieve maximum size compression. 

A person skilled in the art will recognize that the techniques disclosed in this 

patent application can be advantageously used to enhance the isolation 

30 between an antenna for mobile communications and an antenna for wireless 

connectivity services not only when the latter is a slot antenna but also for other 
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types of antenna topology such as for instance, but not limited to, a monopole 

antenna, an IFA, a patch antenna or a PIFA. 

Fig. 22 Figs. (A-B} shows an example of slot-antenna component 221 0 

5 according useful for present invention, including a conductive surface 2211, in 

which a slot 2213 has been created, a dielectric substrate2212, five grounding 

terminals 2215 and feeding means comprising a feeding terminal 2214. In Fig. 

~22A a perspective bottom view of the slot-antenna component (i.e., as 

seen from the side of the component facing the PCB on which it is to be 

1 O mounted) is shown. Fig. ~22B is a top view of the component (i.e., as seen 

from the side of the component not facing the PCB on which it is to be 

mounted). 

The conductive surface 2211 is backed by a dielectric substrate 2212. In this 

15 particular embodiment, and without limiting purposes, the contour of the slot 

2213 is inspired in the Hilbert curve; however, other shapes could also be 

used. In fact, the shape of the slot 2213, and the length and width of each 

one of the segments that form said slot 2213, can be selected to meet the 

requirements of resonance frequency, electrical performance, and maximum 

20 size, of a given SMT component. 

In a preferred embodiment, the conductive surface 2211 is covered by another 

dielectric layer (such as for example a layer of ink, or a layer of protective epoxy 

coating for environmental protection), in which some windows are left in order 

25 to create one or more contact terminals 2214, 2215 of the component 2210. In 

Fig. 22 Figs. 22(A-B}. the slot-antenna component 221 0 comprises one feeding 

terminal 2214 and several grounding terminals 2215. The contact terminals 

2214, 2215 have been depicted as square pads, although they could be 

shaped differently, or take the form of pins or BGA balls. 

30 
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All contact terminals 2214, 2215 are arranged on or close to the edge of the 

conductive surface 2211 and at the same time on or close to the edge of 

antenna component 2210. 

5 In Fig. 22 Figs. 22(A-B}. the feeding means of the slot-antenna component 

221 O comprise a feeding contact 2214 and a conductive strip 2218 that can be 

advantageously printed or etched on the same conductive surface 2211 as the 

slot 2213, thus making the feeding means coplanar with the slot 2213. The 

conductive strip 2218 connects the feeding terminal 2214 with the edge of the 

1 O slot 2213 that is farther from the contact terminal 2214 in region 2219 along the 

slot 2213. In the example of Fig. 12, the connection of the conductive strip 2218 

with the edge of the slot 2213 that is farther from the contact terminal 2214 

occurs at a substantially right angle (i.e., an angle of approximately 90Q), 

however said connection could also occur at angles smaller or larger than 90Q. 

15 

In said region 2219, the edge of the slot 2213 that is closer to the feeding 

terminal 2214 is interrupted, so that the conductive strip 2218 can cross the slot 

2213 reaching the farther edge of said slot 2213. A clearance region 2220 is 

created at both sides of the conductive strip 2218 and the feeding terminal 

20 2214. The width of the clearance region 2220 does not need to be necessarily 

the same on both sides of the conductive strip 218 and the feeding terminal 

2214. The input impedance of the slot antenna can be appropriately selected 

by means of the distance of the region 2219 to an end of slot 2217, the width of 

the conductive strip 2218 and the widths of the clearance region 2220 on each 

25 side of the conductive strip 2218, and the feeding terminal 2214. 

In certain embodiments, said widths can be substantially equal. In some cases, 

the width of the conductive strip 2218 and the widths of the clearance regions 

on each side thereof can be advantageously selected so as to form a coplanar 

30 transmission line. The width of the conductive strip 2218 and the widths of said 

clearance regions will preferably be smaller than a maximum width. Some 
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possible values for said maximum width comprise 1 /2400, 1 /1200, 1 /800, 

1 /600, 1 /480, 1 /400, 1 /300, 1 /240, 1 /200, 1 /150 and 1 /120 of a free-space 

operating wavelength of the slot antenna. 

5 In some cases, it will be advantageous to place a grounding terminal 2215 at 

each side of the feeding terminal 2214. In other examples, the feeding terminal 

2214 might not be coplanar with the slot 2213, making it necessary to couple a 

feeding signal from the feeding terminal 2214 to the conductive strip 2218 

either by direct contact (such as for instance by means of a via hole), or by 

1 0 electromagnetic coupling (either capacitive or inductive). Capacitive (or 

inductive) coupling can be preferred in some cases to compensate for an 

inductive (or capacitive) component of the input impedance of the slot antenna, 

without having to use external circuit elements such as capacitors or inductors. 

15 Fig. 22 Figs. 22(A-B} shows an example of the slot-antenna component 221 0 in 

which the slot antenna is excited in an unbalanced manner. In some other 

examples, a slot-antenna component could be excited in a balanced manner by 

including a first feeding terminal to provide a positive potential (referenced to a 

ground potential) and a second feeding terminal to provide a negative potential 

20 (referenced to said ground potential). In some cases, the component can also 

include a third feeding terminal to provide said ground potential. 

In the embodiment of Fig. 22 Figs. 22(A-B}, the slot 2213 has a first end 2216 

that intersects the perimeter of the conductive surface 2211. That is, the slot 

25 2213 is open-ended at said first end 2216. Furthermore, the second end 

2217 of the slot does not intersect the perimeter of the conductive surface 

2211 (i.e., it is closed-ended). 

In Fig. 23 Figs. 23(A-B) examples of how a slot-antenna component 221 0 can 

30 be placed on a substantially rectangular PCB 2300 of a wireless (e.g. handheld 

or portable) device are shown. In Fig.~ 23A the longer dimension of the slot-
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antenna component 221 0 is aligned with one of the longer edges of the PCB 

2300, and substantially centered along said edge. Fig. ~ 23B relates to the 

case where the longer dimension of the slot-antenna component 221 0 is 

aligned with one of the longer edges of the PCB 2300, and substantially close 

5 to a corner of said edge and in Fig. ~ 23C the longer dimension of the slot­

antenna component 221 0 is aligned with one of the shorter edges of the PCB 

2300, and substantially close to a corner of said edge. It may also be centered 

along the short edge. 

1 0 In Fig. 23 Figs. 23(A-C}, the conductive layer of the PCB 2300 has been 

removed or, at least, partly removed under the slot-antenna component 2210, 

that is, in correspondence with the footprint of the slot-antenna component on 

the PCB, that is, in correspondence with its projection on the PCB 2300. 

15 Generally, the present invention can facilitate the integration of the antennas 

inside several kinds of handsets or handheld devices so that the antennas can 

be arranged in a way that it is compatible with high density of components on 

the PCB of the device. For miniaturization purposes, at least a portion of the 

curve defining the conducting trace, conducting wire or contour of the 

20 conducting sheet of at least one antenna of the handset or handheld device will 

advantageously be a space-filling curve, a box-counting curve, a grid­

dimension curve, or a fractal based curve. The conducting trace, conducting 

wire or contour of the conducting sheet of said at least one antenna might take 

the form of a single curve, or might branch-out in two or more curves, which at 

25 the same time in some embodiments will be also of the space-filling, box­

counting, grid-dimension, or fractal kinds. Additionally, in some embodiments a 

part of the curve will be coupled either through direct contact or electromagnetic 

coupling to a conducting polygonal or multilevel surface. 

30 The teachings disclosed in the present patent application facilitate the adoption 

of the wireless functionality in handsets and other handheld devices. Handset 
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and handheld device manufactures will benefit from the commercialization of 

such products with value-added features and that enjoy of stronger customer 

preference. In a platform like the one of a handset for mobile communications 

in which the efficient use of small-sized PCBs is paramount, the integration of a 

5 wireless connectivity antenna according to the present invention offers the 

benefit of small area overheads (i.e., smaller overall size of the handheld 

device), which translates into lower cost. Moreover, the enhanced isolation 

between antennas attainable using the techniques and teachings of the present 

invention provide handset and handheld device manufacturers with more 

1 0 flexibility when designing the layout of the PCB of the devices and the 

placement of the antennas and neighboring electronics on the PCB of the 

devices, reducing the costs of integration of the antenna, simplifying the new 

product development cycle, and accelerating the time to market of their new 

products. 

15 

In some preferred embodiments the handset or handheld device is operating at 

one, two, three or more of the following communication and connectivity 

services: GSM (GSM850, GSM900, GSM1800, American GSM or PCS1900, 

GSM450), UMTS, WCDMA, CDMA, Bluetooth™, IEEE802.11ba, 

20 IEEE802.11 b, IEEE802.11g, WLAN, WiFi, UWB, ZigBee, GPS, Galileo, 

SDARs, XDARS, WiMAX, DAB, FM, 0MB, DVB-H. 
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PTO/SB/22 (03-13) 
Approved for use through 03/31/2013. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless if displays a valid 0MB control number. 

Docket Number (Optional) 
PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) 4 7OO5-PO4OWUSC2 

Application Number 13/718,348-Conf. #8109 Filed December 18, 2012 

For HAN DH ELD DEVICE WITH TWO ANTENNAS, AND METHOD OF ENHANCING THE ISOLATION BETWEEN 
THE ANTENNAS 

Art Unit 2821 Examiner Not Yet Assigned 

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above-identified application. 

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below): 

Fee Small Entitt Fee Micro Entitt Fee 

[] One month (37 CFR 1.17(a)(1 )) $200 $100 $50 $ 200.00 

□ Two months (37 CFR 1.17(a)(2)) $600 $300 $150 $ 

□ Three months (37 CFR 1.17(a)(3)) $1,400 $700 $350 $ 

□ Four months (37 CFR 1.17(a)(4)) $2,200 $1,100 $550 $ 

□ Five months (37 CFR 1.17(a)(5)) $3,000 $1,500 $750 $ 

D Applicant asserts small entity status. See 37 CFR 1.27. 

D Applicant certifies micro entity status. See 37 CFR 1.29. 
Form PTO/SB/15A or B or equivalent must either be enclosed or have been submitted previously. 

□ A check in the amount of the fee is enclosed. 

□ Payment by credit card. Form PT0-2O38 is attached. 

[] The Director has already been authorized to charge fees in this application to a Deposit Account. 

[] The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to 

Deposit Account Number 23-2426 

G Payment made via EFS-Web. 

WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide credit 
card information and authorization on PTO-2038. 

I am the 

□ applicant/inventor. 

□ assignee of record of the entire interest. See 37 CFR 3.71. 37 CFR 3.73(b) statement is enclosed (Form PTO/SB/96). 

[] attorney or agent of record. Registration number 61,654 

□ attorney or agent acting under 37 CFR 1.34. Registration number 

/Shoaib A. Mithani/ A12ril 22, 2013 
Signature Date 

Shoaib A. Mithani (214) 745-5403 
Typed or printed name Telephone Number 

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. Submit 
multiple forms if more than one signature is required, see below*. 

□ *Total of 1 forms are submitted. 
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DocCode - SCORE 

SCORE Placeholder Sheet for IFW Content 

Application Number: 13718348 Document Date: 04/22/2013 

The presence of this form in the IFW record indicates that the following document type was received in 
electronic format on the date identified above. This content is stored in the SCORE database. 

• Drawings - Other than Black and White Line Drawings 

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is recorded in 
PALM, and no paper documents or physical media exist. The TIFF images in the IFW record were created 
from the original documents that are stored in SCORE. 

To access the documents in the SCORE database, refer to instructions developed by SIRA. 

At the time of document entry (noted above): 
• Examiners may access SCORE content via the eDAN interface. 
• Other USPTO employees can bookmark the current SCORE URL (http://es/ScoreAccessWeb/). 
• External customers may access SCORE content via the Public and Private PAIR interfaces. 

Form Revision Date: February 8, 2006 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

13/718,348 

61060 
WINSTEAD PC 
P.O. BOX 131851 
DALLAS, TX 75313 

FILING OR 3 71 (C) DATE 

12/18/2012 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Josep Mumbru 47005-P040WUSC2 
CONFIRMATION NO. 8109 

FORMALITIES LETTER 

11111111111111111 lllll ll]~!l]!~l!~l!~Hi,1!1111111111111111111111 IIII IIII 

Date Mailed: 04/29/2013 

NOTICE OF INCOMPLETE REPLY (NONPROVISIONAL) 

Filing Date Granted 

The U.S. Patent and Trademark Office has received your reply on 04/22/2013 to the Notice to File Missing Parts 
(Notice) mailed 01/23/2013 and it has been entered into the nonprovisional application. The reply, however, 
does not include the following items required in the Notice. A complete reply must be timely filed to prevent 
ABANDONMENT of the above-identified application. Replies should be mailed to: Mail Stop Missing Parts, 
Commissioner for Patents, P.O. Box 1450, Alexandria VA 22313-1450. 

Applicant is given TWO MONTHS from the date of the Notice to File Missing Parts (Notice) mailed 01/23/2013 
within which to file all required items and pay any fees required below to avoid abandonment. Extensions of time 
may be obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a). 

Items Required to Avoid Abandonment: 

The required items noted below SHOULD be filed along with any items required above. The filing date of this 
nonprovisional application will be the date of receipt of the items required above. 

The application is informal since it does not comply with the regulations for the reason(s) indicated below. 

The required item(s) identified below must be timely submitted to avoid abandonment: 

• A substitute specification in compliance with 37 CFR 1.52, 1.121 (b)(3), and 1.125, is required. The substitute 
specification must be submitted with markings and be accompanied by a clean version (without markings) as 
set forth in 37 CFR 1.125(c) and a statement that the substitute specification contains no new matter (see 37 
CFR 1.125(b)). The specification, claims, and/or abstract page(s) submitted is not acceptable and cannot be 
scanned or properly stored because: 

• The application contains drawings, but the specification does not contain a brief description of the several 
views of the drawings as required by 37 CFR 1.74 and 37 CFR 1.77(b)(7). 

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to 
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required 
application size fee. 
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Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing 
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more 
information and a suggested format, see Form PTO/SB/92 and MPEP 512. 

Replies should be mailed to: 

Mail Stop Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA 22313-1450 

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web. 
https ://sportal. uspto .gov/authenticate/ AuthenticateUserlocal EP F. htm I 

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or 
visit our website at http://www.uspto.gov/ebc. 

If you are not using EFS-Web to submit your reply, you must include a copy of this notice. 

/ygizaw/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 13/718,348 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 280 (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 600 (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 720 (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 20 (37 CFR 1.16(i)) 
minus 20= OR X 80 = 0.00 

INDEPENDENT CLAIMS 3 minus 3 = X 420 = 0.00 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 1600 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR 
~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

13/718,348 

61060 
WINSTEAD PC 
P.O. BOX 131851 
DALLAS, TX 75313 

FILING OR 3 71 (C) DATE 

12/18/2012 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Josep Mumbru 47005-P040WUSC2 
CONFIRMATION NO. 8109 

MISCELLANEOUS NOTICE 

Date Mailed: 04/29/2013 

A communication which cannot be delivered in electronic form has been mailed to the applicant. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

13/718,348 

61060 
WINSTEAD PC 
P.O. BOX 131851 
DALLAS, TX 75313 

FILING OR 3 71 (C) DATE 

12/18/2012 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Josep Mumbru 47005-P040WUSC2 
CONFIRMATION NO. 8109 

POA ACCEPTANCE LETTER 

11111111111111111 lllll ll]~!l]!~l!~l!~Hill!l~i~ll 11111111111111111111111 

Date Mailed: 04/29/2013 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 02/01/2013. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

/tchaka/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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~} UNITED STATES PATENT AND ThADEMARK OFFICE 
UNITED STAT~ DEPARTMENT 01'' COMMERCE 
United States Patent and Trademark Office 
Addrca,COMMISSIONER FOR PATia;NTS 

P.O.Box USO 
~~22313-100 

APPLICATION NUMBER FILING DATE FIRST NAMED APPLICANT A TTY. DOCKET NO.rrITLE 

13/718,348 12/18/2012 Josep Mumbru 47005-P040WUSC2 

CONFIRMATION NO. 8109 
61060 
WINSTEAD PC 
P.O. BOX 131851 
DALLAS, TX 75313 
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Date Mailed: 04/29/13 

NOTICE OF INCOMPLETE REPLY 

. Filing Date Granted 

Applicant's reply to the Notice mailed on 01/23/13 was received in the U.S. Patent and Trademark 
Office on 04/22/13 and has been entered into the application. The reply, however, does not include 
the following item(s) required in the Notice. 

The period for reply continues to run from the mailing date of the prior Notice. The item(s) listed below 
must be timely filed to avoid abandonment of the application. No new time period for reply is provided in 
this communication. If the period for reply set forth in the prior Notice has expired,· this application will 
become abandoned unless applicant: (1) submits the following checked item(s), and (2) obtains.an 
extension of time under 37 CFR 1. 136(a) (including the appropriate fee (37 CFR 1.17(a)). In no case 
may an applicant obtain an extension of time for more than FIVE (5) MONTHS b'eyond the date for reply 
set forth in the prior Notice. 

A complete reply which includes the following checked item(s) must be timely filed to prevent 
ABANDONMENT of the above-identified application: 

D A substitute specification. 

~ A statement that the substitute specification contains no new matter. 

D A replacement abstract commencing on a separate sheet in compliance with 37 CFR 
1. 72(b) and 1.121 (deleting the drawings or flow diagrams). 

D New and replacement drawing sheets. 

□ Replacement drawing sheets with the figures renumbered. 

□ A complete claim listing or a replacement claim listing with the claims renumbered. 

D An amendment to the claims in compliance with 37 CFR 1.121 (deleting the drawings or 
flow diagrams). 

□ A replacement transmittal letter listing all of the files except the missing or unreadable file. 

D A duplicate copy of the CD. 

D A statement that the replacement CD contains no new matter. 
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UNITED STATES PATENT AND 'IRADEMARK OFFICE 

Replies should be mailed to: Mail Stop Missing Parts 

Commissioner for Patents 

P.O. Box 1450 

Alexandria VA 22313-1450 

UNITJ,:D STATES Dfil'AR'fMJ,:NT OF COMMJ,:RCJ,: 
United St.ato• Pa.tent. and Trademark Offloo 
Addro•, COMMISSIONER FOR PATENTS 

t~~ :Z:Z.lll-1'$0 
www.upto.gov 

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web. 
https://sportal.uspto.gov/authenticate/AuthenticateUserlocalEPF.html 

For more information about EFS-Web, please call the USPTO Electronic Business Center at 1-866-217-
9197 or visit our website at http://www.uspto.gov/ebc. 

~ 
Application Assistance Unit (571) 272-4200 
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I hereby certify that this paper (along with any paper referred to as being attached 
or enclosed) is being transmitted via the Office electronic filing system in 
accordance with 37 CFR § 1.6(a)(4). 

Dated: May 22, 2013 
Electronic Signature for Shoaib A. Mithani: /Shoaib A. Mithani/ Docket No.: 47005-P040WUSC2 

(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Joseph Mumbru et al. 

Application No.: 13/718,348 

Filed: December 18, 2012 

For: HANDHELD DEVICE WITH TWO 
ANTENNAS, AND METHOD OF 
ENHANCING THE ISOLATION BETWEEN 
THE ANTENNAS 

Confirmation No.: 8109 

Art Unit: 2821 

Examiner: Not Yet Assigned 

RESPONSE TO NOTICE OF INCOMPLETE REPLY 

MS Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Madam: 

In response to the Notice of Incomplete Reply and the Notice to File Corrected 

Application Papers - Filing Date Granted mailed January 23, 2013, Applicant respectfully 

submits a Substitute Specification (marked up and clean versions) and Drawing(s) (45 figures, 23 

pages). Applicant respectfully submits that no new matter has been added by the amendments to 

the Substitute Specification. 

Applicant submitted the executed declaration on February 1, 2013 and paid the required 

fee amount of $130.00. 
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Application No.: 13/718,348 Docket No.: 47005-P040WUSC2 

Please charge Deposit Account No. 23-2426 in the amount of $400.00 for the two month 

extension of time ( one month extension of time fee $200 previously paid). The Director is 

hereby authorized to charge any deficiency in the fees filed, asserted to be filed or which should 

have been filed herewith ( or with any paper hereafter filed in this application by this firm) to our 

Deposit Account No. 23-2426, under Order No. 47005-P040WUSC2. 

Dated: May 22, 2013 

6055510v.l 47005/P040WUSC2 

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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Electronic Patent Application Fee Transmittal 

Application Number: 13718348 

Filing Date: 18-Dec-2012 

Title of Invention: 
HAN DH ELD DEVICE WITH TWO ANTENNAS, AND METHOD OF ENHANCING 
THE ISOLATION BETWEEN THE ANTENNAS 

First Named Inventor/Applicant Name: Josep Mumbru 

Filer: Shoaib Amirali Mithani 

Attorney Docket Number: 47005-P040WUSC2 

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Extension - 2 months with $200 paid 1252 1 400 400 
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USO($) 
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Electronic Acknowledgement Receipt 

EFSID: 15838629 

Application Number: 13718348 

International Application Number: 

Confirmation Number: 8109 

Title of Invention: 
HAN DH ELD DEVICE WITH TWO ANTENNAS, AND METHOD OF ENHANCING 
THE ISOLATION BETWEEN THE ANTENNAS 

First Named Inventor/Applicant Name: Josep Mumbru 
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Filer Authorized By: 
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Receipt Date: 22-MAY-2013 
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b 1aba8a814d448ab4655957880f470e 1 b4f 

73063 

Warnings: 

Information: 

Total Files Size (in bytes) 4749572 

EX1002 - Page 275



This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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CLEAN VERSION OF SUBSTITUTE SPECIFICATION 

HANDHELD DEVICE WITH TWO ANTENNAS, AND METHOD OF 

ENHANCING THE ISOLATION BETWEEN THE ANTENNAS 

5 Object of the invention 

10 

The present invention relates to a handset and generally to any handheld 

device, which includes an antenna for receiving and transmitting 

electromagnetic wave signals. 

It is an object of the present invention to provide a handset or handheld device 

(such as, for instance, a mobile phone, a smartphone, a PDA, an MP3 player, a 

headset, a USB dongle, a laptop, a PCMCIA or Cardbus 32 card), which 

comprises a first antenna (for example, an antenna for mobile 

15 communications), and a second antenna (for mobile communications, and/or 

for at least one wireless connectivity service), said second antenna being a slot 

antenna. The second antenna can require a very small area on the printed 

circuit board (PCB) of the hand-held device. 

20 Another aspect of the invention relates to a technique to obtain good isolation 

between said first antenna and said second antenna. According to the present 

invention, good isolation between the antennas included in the handset or 

handheld device can be obtained by appropriately choosing the placement 

and orientation on the PCB of each one of the antennas comprised in the 

25 handset or handheld device, and/or by acting on the PCB (or, rather, on a 

conductive layer of the PCB, such as a metal layer of the PCB acting as a 

ground-plane for one or both of the antennas) of the handset or handheld 

device to reduce the electromagnetic coupling between antennas, and/or by 

other means 

30 
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2 

Background of the invention 

The current trend in the sector of mobile phone manufacturers, and more 

generally handheld device manufacturers, is to incorporate added value 

5 wireless services, such as connectivity functionality and geolocalization (such 

as for example, but not limited to Bluetooth ™, IEEE802.11 a, IEEE802.11 b, 

IEEE802.11 g, WLAN, WiFi, UWB, ZigBee, GPS, Galileo, SDARs, XDARS, 

WiMAX, DAB, FM, DVB-H, or 0MB) in more and more of their products. An 

antenna arranged or configured to operate effectively in a frequency band 

1 0 suitable for one or more of these services or standards is sometimes referred to 

as a "wireless connectivity antenna" in this document. 

In some cases, these handheld devices also operate in at least one frequency 

band used for mobile communication services, such as GSM (GSM850, 

15 GSM900, GSM1800, American GSM or PCS1900, GSM450), UMTS, WCDMA, 

or CDMA, apart from having the ability to operate in the frequency band 

corresponding to the wireless connectivity service. 

Although it is possible to integrate all the operating bands of a particular 

handheld device in a single antenna, the trend in the handset manufacturing 

20 industry shows that it is preferred to have two separate antennas: A first 

antenna is used for the bands of the selected mobile communication services 

(such as, for example, GSM), and a second antenna is used to allow the device 

to operate at an additional communication service (such as, for instance, 

UMTS) or at the frequency bands of a wireless connectivity standard (such as, 

25 for example, WLAN or Bluetooth ™). 

30 

Using two separate antennas presents some advantages: 

• It can make the design of each one of the antennas easier, as a single 

multiband antenna covering all the bands of operation of the handset 

would require a more complicated design. 

6034559v.l 47005-P040WUSC1 
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5 

10 

15 

3 

• It also simplifies the radiofrequency (RF) front-end for each one of the 

two antennas. If there is only one single antenna, the RF front-end to 

which the antenna is connected would have to include a diplexer or 

multiplexer capable of separating the frequency bands corresponding to 

the different services, for example, separating the mobile communication 

frequency bands from the wireless connectivity frequency bands. 

• Moreover, it offers more flexibility in the design of the PCB that carries 

the electronic components and circuitry of the handset or handheld 

device. In many cases, a PCB designer will preferably lay out the 

module or chipset providing the wireless connectivity functionality, and 

the module or chipset for the mobile communication services, in different 

parts of the PCB. 

The first antenna can typically be, for instance and without limitation, a 

monopole antenna, an inverted-F antenna (IFA), a patch antenna, or a planar 

inverted-F antenna (PIFA). Some known solutions for said second antenna 

include antennas printed on the PCB of the device (such as, for example, but 

20 not limited to, a printed IFA), or an antenna component, or a chip antenna. 

However, the integration in a handset of a second antenna dedicated to the 

wireless connectivity services is not trivial. As the space available on the PCB 

of the device is scarce, antenna solutions with small footprints are 

25 advantageous. Printed antennas are typically not small in size, since their 

dimensions are approximately a quarter of an operating wavelength of the 

antenna. Chip antennas may achieve some degree of miniaturization (for 

instance, by loading the antenna with a material with high dielectric constant), 

however, in many cases, they exhibit poor matching levels, and limited 

30 bandwidth, efficiency and/or gain. 
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One additional problem that further complicates the integration of the wireless 

connectivity antenna in a handset or handheld device is the low isolation that is 

usually obtained between this antenna and the antenna used for mobile 

communications. 

lnterband isolation can be improved by separating the two antennas further 

apart, although this might not be practical in typical handsets due to their small 

size and due to the limited positions that are available to integrate the wireless 

connectivity antenna. This is the case especially for more recent handset 

1 O topologies, like for example flip-type (also known as clamshell) phones and 

slider-type phones (as the one schematically illustrated in Figs. 1 (A-B)). As an 

alternative, a filter can be used to achieve the required level of isolation 

between antennas within the operating bands. However, this approach implies 

adding extra components on the PCB, thus using up more space on the PCB of 

15 the device, and resulting in an increase in cost of the handset. 

A conventional handset that includes an antenna for mobile communications 

and an antenna for wireless connectivity is depicted in Fig. 2. For this example, 

the handset has been selected to have a slider-type topology as schematically 

20 illustrated in Figs. 1 (A-B). A slider-type handset comprises typically a first PCB 

(100) placed substantially above and parallel to a second PCB (102). The first 

PCB (100) has the ability to slide above the second PCB (102), so that the 

handset can be in a closed position, as shown in Fig. 1 A or in an open position, 

as shown in Fig. 1 B. Generally, the first PCB (100) and the second PCB (102) 

25 are electrically connected, for example by means of a flexible conductive film 

(not illustrated in Figs. 1 (A-B)). An antenna 101 is mounted at one end of the 

first PCB. In this case, the antenna is a Planar lnverted-F Antenna (PIFA), with 

a short-circuit (101 B) to the ground-plane (in this case, to a conductive metal 

layer of the PCB) and with a feeding point (101 A) close to said short-circuit. 

30 
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For the purpose of the example illustrated in Fig. 2, the handset comprises a 

first antenna (201 ), placed on the top part of the first PCB (200), that operates 

at the frequency bands for mobile communications, and a second antenna 

(202) placed on the bottom right corner of the PCB (200) that operates at the 

5 frequency bands of the wireless connectivity services. The first antenna has a 

feeding point (201 A) and a short-circuit (201 B) to ground (namely, to a 

conductive metal layer of the PCB 200, constituting a ground-plane for the 

antenna). For illustrative purposes, in the example illustrated in Fig. 2, the 

second antenna (202) is a surface mount technology (SMT) component 

1 O mounted on the PCB (200), although it could have been replaced by, for 

example, an antenna printed on the PCB (200). 

Some typical electrical results for the handset of Fig. 2 are shown without any 

limiting purpose in Figs. 3(A-B). Fig. 3A presents typical results of the input 

15 parameters of the antennas (i.e., return losses of each antenna, and isolation 

between antennas) when the slider-type phone is in the closed position, while 

Fig. 3B presents the typical results of the antennas when the phone is in the 

open position. In this example, the first antenna (201) was designed to have a 

multiband behavior, with a first resonance around 900MHz to provide coverage 

20 for the GSM900 service, and a second resonance around 1900MHz to provide 

service to the GSM1800 and GSM1900 services. On the other hand, the 

second antenna was designed to be tuned in the 2500MHz band. These 

frequency ranges have been selected just to illustrate the example, but the 

antennas could work in any frequency band included in the range from 

25 approximately 400MHz to approximately 12GHz, including any subinterval. The 

isolation between the first antenna (201) and the second antenna (202) is 20dB 

in the 900MHz band, 18dB in the 1900MHz band. The isolation degrades to 

17dB at the center of the resonance of the second antenna around 2600MHz. 

30 

Space Filling Curves 
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In some embodiments of the invention, at least one antenna of the antennas 

included in the handset or handheld device may be miniaturized by shaping at 

least a portion of the conducting trace, conducting wire or contour of a 

5 conducting sheet of the antenna (e.g., a part of the arms of a dipole, the 

perimeter of the patch of a patch antenna, the slot in a slot antenna, the loop 

perimeter in a loop antenna, or other portions of the antenna) as a space-filling 

curve (SFC). 

1 0 An SFC is a curve that is large in terms of physical length but small in terms of 

the area in which the curve can be included. More precisely, for the purposes of 

this patent document, an SFC is defined as follows: a curve having at least five 

segments, or identifiable sections, that are connected in such a way that each 

segment forms an angle with any adjacent segments, such that no pair of 

15 adjacent segments defines a larger straight segment. In addition, an SFC does 

not intersect with itself at any point except possibly the initial and final point 

(that is, the whole curve can be arranged as a closed curve or loop, but none of 

the lesser parts of the curve form a closed curve or loop). 

20 A space-filling curve can be fitted over a flat or curved surface, and due to the 

angles between segments, the physical length of the curve is larger than that of 

any straight line that can be fitted in the same area (surface) as the space-filling 

curve. Additionally, to shape the structure of a miniature antenna, the segments 

of the SFCs should be shorter than at least one fifth of the free-space operating 

25 wavelength, and possibly shorter than one tenth of the free-space operating 

wavelength. The space-filling curve should include at least five segments in 

order to provide some antenna size reduction, however a larger number of 

segments may be used. In general, the larger the number of segments and the 

narrower the angles between them, the smaller the size of the final antenna. 

30 
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Box-Counting Curves 

In other embodiments of the invention, at least one antenna of the antennas 

included in the handset or handheld device may be miniaturized by shaping at 

5 least a portion of the conducting trace, conducting wire or contour of a 

conducting sheet of the antenna to have a selected box-counting dimension. 

For a given geometry lying on a surface, the box-counting dimension is 

computed as follows. First, a grid with substantially square identical cells or 

1 0 boxes of size L 1 is placed over the geometry, such that the grid completely 

covers the geometry, that is, no part of the curve is out of the grid. The number 

of boxes N1 that include at least a point of the geometry are then counted. 

Second, a grid with boxes of size L2 (L2 being smaller than L 1) is also placed 

over the geometry, such that the grid completely covers the geometry, and the 

15 number of boxes N2 that include at least a point of the geometry are counted. 

The box-counting dimension D is then computed as: 

D = _ Iog(N2) - Iog(Nl) 

Iog(L2) - log(Ll) 

20 For the purposes of the antennas included in the handset or handheld device 

described herein, the box-counting dimension may be computed by placing the 

first and second grids inside a minimum rectangular area enclosing the 

conducting trace, conducting wire or contour of a conducting sheet of the 

antenna and applying the above algorithm. The first grid should be chosen 

25 such that the rectangular area is meshed in an array of at least 5 x 5 boxes or 

cells, and the second grid should be chosen such that L2 = 1 /2 L and such that 

the second grid includes at least 1 0 x 1 0 boxes. The minimum rectangular area 

is an area in which there is not an entire row or column on the perimeter of the 

grid that does not contain any piece of the curve. 

30 
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The desired box-counting dimension for the curve may be selected to achieve a 

desired amount of miniaturization. The box-counting dimension should be 

larger than 1 .1 in order to achieve a substantial antenna size reduction. If a 

larger degree of miniaturization is desired, then a larger box-counting 

5 dimension may be selected, such as a box-counting dimension ranging from 

1.5 to 3. For the purposes of this patent document, curves in which at least a 

portion of the geometry of the curve has a box-counting dimension larger than 

1.1 are referred to as box-counting curves. 

1 O For very small antennas, for example antennas that fit within a rectangle the 

longest side of which does not exceed one-twentieth the longest free-space 

operating wavelength of the antenna, the box-counting dimension may be 

computed using a finer grid. In such a case, the first grid may include a mesh of 

1 O x 1 O equal cells, and the second grid may include a mesh of 20 x 20 equal 

15 cells. The box-counting dimension (D) may then be calculated using the above 

equation. 

In general, for a given resonant frequency of the antenna, the larger the box­

counting dimension, the higher the degree of miniaturization that will be 

20 achieved by the antenna. One way to enhance the miniaturization capabilities 

of the antenna is to arrange the several segments of the curve of the antenna 

pattern in such a way that the curve intersects at least one point of at least 14 

boxes of the first grid with 5 x 5 boxes or cells enclosing the curve. If a higher 

degree of miniaturization is desired, then the curve may be arranged to cross at 

25 least one of the boxes twice within the 5 x 5 grid, that is, the curve may include 

two non-adjacent portions inside at least one of the cells or boxes of the grid. 

Figs. 17(A-B) illustrates an example of how the box-counting dimension of a 

curve (1700) is calculated. The example curve (1700) is placed under a 5 x 5 

30 grid (1701) and under a 1 O x 1 O grid (1702). As illustrated, the curve (1700) 

touches N1=25 boxes in the 5 x 5 grid (1701) and touches N2=78 boxes in the 
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1 Ox 1 0 grid (1702). In this case, the size of the boxes in the 5 x 5 grid (1701) is 

twice the size of the boxes in the 1 0 x 1 0 grid (1702). By applying the above 

equation, the box-counting dimension of the example curve (1700) may be 

calculated as 0=1.6415. In addition, further miniaturization is achieved in this 

5 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-adjacent segments of the curve. More specifically, the curve 

(1700) in the illustrated example crosses twice in 13 boxes out of the 25 boxes. 

1 O Grid Dimension Curves 

In some embodiments of the invention, at least one antenna of the antennas 

included in the handset or handheld device may be miniaturized by shaping at 

least a portion of the conducting trace, conducting wire or contour of a 

15 conducting sheet of the antenna to include a grid dimension curve. 

For a given geometry lying on a planar or curved surface, the grid dimension of 

curve may be calculated as follows. First, a grid with substantially identical cells 

of size L 1 is placed over the geometry of the curve, such that the grid 

20 completely covers the geometry, and the number of cells N1 that include at 

least a point of the geometry are counted. Second, a grid with cells of size L2 

(L2 being smaller than L 1) is also placed over the geometry, such that the grid 

completely covers the geometry, and the number of cells N2 that include at 

least a point of the geometry are counted again. The grid dimension D 

25 (sometimes also referred to as D9) is then computed as: 

D = _ Iog(N2) - Iog(Nl) 

Iog(L2) - log(Ll) 

For the purposes of the antennas included in the handset or handheld device 

30 described herein, the grid dimension may be calculated by placing the first and 
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second grids inside the minimum rectangular area enclosing the curve of the 

antenna and applying the above algorithm. The minimum rectangular area is an 

area in which there is not an entire row or column on the perimeter of the grid 

that does not contain any piece of the curve. 

The first grid may, for example, be chosen such that the rectangular area is 

meshed in an array of at least 25 substantially equal cells. The second grid 

may, for example, be chosen such that each cell of the first grid is divided in 4 

equal cells, such that the size of the new cells is L2 = ½ L 1, and the second 

1 O grid includes at least 100 cells. 

The desired grid dimension for the curve may be selected to achieve a desired 

amount of miniaturization. The grid dimension should be larger than 1 in order 

to achieve some antenna size reduction. If a larger degree of miniaturization is 

15 desired, then a larger grid dimension may be selected, such as a grid 

dimension ranging from 1.5 - 3 (e.g., in case of volumetric structures). In some 

examples, a curve having a grid dimension of about 2 may be desired. For the 

purposes of this patent document, a curve having a grid dimension larger than 

1 is referred to as a grid dimension curve. 

20 

In general, for a given resonant frequency of the antenna, the larger the grid 

dimension, the higher the degree of miniaturization that will be achieved by the 

antenna. One example way of enhancing the miniaturization capabilities of the 

antenna is to arrange the several segments of the curve of the antenna pattern 

25 in such a way that the curve intersects at least one point of at least 50% of the 

cells of the first grid with at least 25 cells enclosing the curve. In another 

example, a high degree of miniaturization may be achieved by arranging the 

antenna such that the curve crosses at least one of the cells twice within the 

25-cell grid, that is, the curve includes two non-adjacent portions inside at least 

30 one of the cells or cells of the grid. 
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Fig. 18 shows an example of a two-dimensional antenna forming a grid 

dimension curve 1800 with a grid dimension of approximately two. Fig. 19 

shows the antenna of Fig. 18 enclosed in a first grid 1900 having thirty-two (32) 

square cells, each with a length L 1. Fig. 20 shows the same antenna enclosed 

5 in a second grid 2000 having one hundred twenty-eight (128) square cells, 

each with a length L2. The length (L 1) of each square cell in the first grid is 

twice the length (L2) of each square cell in the second grid (L 1 = 2 x L2). An 

examination of Fig. 19 and Fig. 20 reveals that at least a portion of the antenna 

is enclosed within every square cell in both the first and second grids. 

1 0 Therefore, the value of N1 in the above grid dimension (D, sometimes also 

referred to as D9) equation is thirty-two (32) (i.e., the total number of cells in the 

first grid), and the value of N2 is one hundred twenty-eight (128) (i.e., the total 

number of cells in the second grid). Using the above equation, the grid 

dimension of the antenna may be calculated as follows: 

15 

log(l28) - log(32) = 
2 

log(2 x LI) - log(Ll) 

For a more accurate calculation of the grid dimension, the number of square 

cells may be increased up to a maximum amount. The maximum number of 

20 cells in a grid is dependent 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 more than the maximum number of cells is selected, 

however, then the accuracy of the grid dimension calculation begins to 

decrease. Typically, the maximum number of cells in a grid is one thousand 

25 (1000). 

For example, Fig. 21 shows the same antenna as that of Fig. 18 enclosed in a 

third grid 2100 with five hundred twelve (512) square cells, each having a 

length L3. The length (L3) of the cells in the third grid is one half the length (L2) 

30 of the cells 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 
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value of N for the second grid is one hundred twenty-eight (128). An 

examination of Fig. 21, however, reveals that the antenna is enclosed within 

only five hundred nine (509) of the five hundred twelve (512) cells of the third 

grid. Therefore, the value of N for the third grid is five hundred nine (509). Using 

5 Fig. 20 and Fig. 21, a more accurate value for the grid dimension (D9) of the 

antenna may be calculated as follows: 

10 

log(509) -log(l28) ""1.
9915 

log(2 x L2) - log(L2) 

Multilevel Structures 

In some examples, at least a portion of the conducting trace, conducting wire or 

conducting sheet of at least one antenna of the antennas included in the 

15 handset or handheld device may be coupled, either through direct contact or 

electromagnetic coupling, to a conducting surface, such as a conducting 

polygonal or multilevel surface. A multilevel structure is formed by gathering 

several geometrical elements, such as polygons or polyhedrons of the same 

type (e.g., triangles, parallelepipeds, pentagons, hexagons, circles or ellipses -

20 in this context, circles and ellipses are considered to be polygons with a large 

number of sides-, as well as tetrahedral, hexahedra, prisms, dodecahedra, etc.) 

and coupling electromagnetically at least some of such geometrical elements to 

one or more other elements, whether by proximity or by direct contact between 

elements. The majority of the elements forming part of a multilevel structure 

25 have more than 50% of their perimeter (for polygon and surface like elements) 

not in contact with any of the other elements of the structure. Thus, the 

elements of a multilevel structure may typically be identified and distinguished, 

presenting at least two levels of detail: that of the overall structure and that of 

the polygon or polyhedron elements that form it. 

30 
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Additionally, several multilevel structures may be grouped and coupled 

electromagnetically to each other to form higher-level structures. In a single 

multilevel structure, all of the component elements are polygons with the same 

number of sides or are polyhedrons with the same number of faces. However, 

5 this characteristic is not present when several multilevel structures of different 

natures are grouped and electromagnetically coupled to form meta-structures 

of a higher level. 

A multilevel antenna includes at least two levels of detail in the body of the 

1 O antenna: that of the overall structure and that of the majority of the elements 

(polygons or polyhedrons) which make it up. This may be achieved by ensuring 

that the area of contact or intersection (if it exists) between the majority of the 

elements forming the antenna is only a fraction of the perimeter or surrounding 

area of said polygons or polyhedrons. 

15 

One property of multilevel antennae is that the radioelectric behavior of the 

antenna can be similar in more than one frequency band. Antenna input 

parameters (e.g., impedance and radiation pattern) remain similar for several 

frequency bands (i.e., the antenna has the same level of adaptation or standing 

20 wave relationship in each different band), and often the antenna presents 

almost identical radiation diagrams at different frequencies. The number of 

frequency bands is proportional to the number of scales or sizes of the 

polygonal elements or similar sets in which they are grouped contained in the 

geometry of the main radiating element. 

25 

In addition to their multiband behavior, multilevel structure antennae may have 

a smaller than usual size as compared to other antennae of a simpler structure 

(such as those consisting of a single polygon or polyhedron). Additionally, the 

edge-rich and discontinuity-rich structure of a multilevel antenna may enhance 

30 the radiation process, relatively increasing the radiation resistance of the 

antenna and reducing the quality factor Q (i.e., increasing its bandwidth). 

6034559v.l 47005-P040WUSC1 

EX1002 - Page 289



14 

A multilevel antenna structure may be used in many antenna configurations, 

such as dipoles, monopoles, patch or microstrip antennae, coplanar antennae, 

reflector antennae, wound antennae, antenna arrays, or other antenna 

5 configurations. In addition, multilevel antenna structures may be formed using 

many manufacturing techniques, such as printing on a dielectric substrate by 

photolithography (printed circuit technique); dieing on metal plate, repulsion on 

dielectric, or others. 

1 O Summary of the invention 

15 

The invention relates to a device and method as defined in the independent 

claims. Some embodiments of the invention are defined in respective 

dependent claims. 

The present invention relates inter alia to a handset or handheld device (such 

as for instance a mobile phone, a smartphone, a PDA, a MP3 player, a 

headset, a USB dongle, a laptop, a PCMCIA or Cardbus 32 card), which 

comprises a first antenna for mobile communications (hereinafter also referred 

20 to as the mobile antenna), and a second antenna for at least a mobile 

communication service or a wireless connectivity service (hereinafter also 

referred to as the wireless connectivity antenna), wherein the said second 

antenna is a slot antenna. The slot antenna can require a very small area on 

the PCB. 

25 

Slot antennas have conventionally not been considered appropriate for wireless 

handheld devices. Normally, conventional monopole antennas, patch 

antennas, inverted-F antennas (IFAs) and planar inverted-F antennas (PIFAs) 

have been considered more appropriate, maybe due to issues such as 

30 radiation efficiency and/or tradition. 
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However, it has been found that the use of a slot antenna as the wireless 

connectivity antenna for a handset or handheld device according to the present 

invention can be advantageous because: 

• it has a low profile and uses very little space of the PCB; 

• it is less sensitive to the size, shape or form factor of the PCB on which it 

is printed, etched, or mounted as an SMT component (see below). This 

can be particularly interesting for flip-type and slider-type 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; 

and/or 

• it can be polarized along a direction that is substantially orthogonal to 

the polarization of the mobile antenna. 

Actually, using a second antenna in the form of a slot antenna can be preferred 

15 inter alia in order to increase the isolation between the antennas. One reason 

for this is that in order to increase isolation, it can be advantageous to establish 

the at least two antennas so that the polarization of the radiation of one of the 

antennas is substantially orthogonal to the polarization of the radiation of 

another of said antennas. 

20 

At a fist look, it could seem that this could also be easily accomplished by 

using, for example, two monopole antennas, directed in appropriate directions 

so as to establish an orthogonal relationship between the polarization of their 

radiations. However, a problem involved with hand-held devices is that the 

25 radiation of an antenna is substantially conditioned by the ground-plane, that is, 

normally, by at least one conductive layer of the PCB. In practice, normally both 

antennas are placed on the same ground-plane, therefore obtaining 

substantially orthogonally polarized radiation using two antennas of the same 

type can be a difficult task, due to the influence of the common groundplane. 

30 Contrarily, when one of the antennas is a slot antenna, the radiation from said 
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antenna will depend substantially less on the ground-plane, thus facilitating 

obtaining the above-mentioned orthogonally polarized radiation. 

In the present document, the expression "mobile antenna" and similar are used 

5 to refer to an antenna arranged to operate in a band corresponding to a mobile 

communication service, such as one of the mobile communication services 

mentioned above (GSM -GSM850, GSM900, GSM1800, American GSM or 

PCS1900, GSM450-, UMTS, WCDMA, and CDMA). In some embodiments of 

the invention, the expression "mobile antenna" refers to an antenna arranged 

1 0 for or capable of fully functioning or operating in one, two, three or more 

communication standards, and in particular mobile or cellular communication 

standards, each standard allocated in one or more frequency bands. In some 

embodiments of the invention, each of said frequency bands is fully contained 

within one of the following regions of the electromagnetic spectrum: 

15 the 810MHz - 960MHz region, 

the 1710MHz - 1990MHz region, 

and the 1900MHz - 2170MHz region. 

The expression "wireless connectivity antenna" as used in this document is 

20 defined further above. In some embodiments of the invention, the expression 

"wireless connectivity antenna" refers to an antenna arranged for or capable of 

fully functioning or operating in one, two, three or more communication 

standards, and in particular wireless connectivity standards, each standard 

allocated in one or more frequency bands. In some embodiments of the 

25 invention, each of said frequency bands is contained within one of the following 

regions of the electromagnetic spectrum, indicated as examples and without 

limitation: 

• Industrial, Scientific, Medical (ISM) unlicensed bands, like for example 

30 the 915MHz ISM band (902-928 MHz), 2.4GHz ISM band (2400-2500 MHz), 

or 5.7GHz ISM band (5650-5925 MHz). 
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• Unlicensed general telemetry bands, like for example the 433.05-

434. 79MHz band, or the 868-870MHz band. 

According to the present invention, good isolation between antennas can be 

5 obtained by appropriately choosing the orientation on the PCB, and by 

selecting the antenna type (i.e., whether a given antenna substantially 

behaves as an electric current source, or as a magnetic current source) for 

each one of the antennas comprised in the handset or handheld device. In 

the present invention, slot antennas can be considered to substantially 

1 0 behave as magnetic current sources; when fed across the slot, an electric 

field is established over the slot (and electric currents are flowing along the 

edges of the slot), and an equivalent magnetic field is established 

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

15 In some cases, wherein the first antenna substantially behaves as an electric 

current source (such as for instance, but not limited to, a monopole antenna) 

and the second antenna substantially behaves as a magnetic current source 

(for instance, but not limited to, a slot antenna), good isolation between said 

first antenna and said second antenna can be obtained when the electric 

20 currents excited on at least a portion of the PCB (in this context, when 

referring to the PCB, reference is actually made to a conductive layer of the 

PCB, normally constituting a ground-plane of the handheld device) by the 

radiating mode of said first antenna are substantially parallel to the equivalent 

magnetic currents excited on at least a portion of the extension of said 

25 second antenna. 

In other cases, wherein the first and second antenna both behave as 

magnetic current sources, good isolation between said first antenna and 

second antenna is achieved when the magnetic currents excited on at least a 

30 portion of the extension of the first antenna are substantially orthogonal to the 
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magnetic currents excited on at least a portion of the extension of the second 

antenna. 

In order to improve isolation, the antennas can be placed separated as much 

5 as possible within the handset. In order to improve isolation, the antennas 

can be oriented with respect to each other so as to minimize coupling 

between the antennas. For example, the slot antenna can be placed on the 

PCB so that it is arranged substantially parallel to the currents induced in the 

PCB (in the ground-plane or conductive layer of the PCB) by the first 

1 0 antenna. This can imply, for example, arranging the slot (or slots) of the 

second antenna to be substantially or generally parallel to one of the sides of 

the ground-plane, for example, the longer sides of a substantially rectangular 

ground-plane. 

15 In this document, an antenna or the slot of a slot antenna is considered to 

extend (to be oriented) in the direction corresponding to the general 

longitudinal axis of symmetry of the smallest rectangle in which the radiating 

element of the antenna can be inscribed. Also, in this document, two 

directions are considered to be substantially parallel if they form an angle of 

20 less than or equal to approximately 30 degrees. Two directions are 

considered to be substantially orthogonal if they form an angle of not less 

than approximately 60 degrees and not more than approximately 120 

degrees. 

25 It can be advantageous to have the slot arranged so that at least two, three, 

four or more portions of the slot are parallel to each other. This may apply to 

straight and to non-straight segments. With this parallel arrangement, very 

compact antennas can be achieved, occupying less space. 

30 The slot antenna can be implemented as a slot printed on or etched in the 

ground plane of the PCB, while in other cases the slot will be contained in a 
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surface mount technology (SMT) type component mounted on the PCB of the 

handset or handheld device. When the slot is contained in a SMT type 

component, said component will comprise a conducting surface on which the 

slot is created. The SMT type component will provide at least one contact 

5 terminal accessible from the exterior of said SMT component to electrically 

connect said conducting surface with the ground plane of the PCB. In some 

embodiments, this contact terminal can take the form of a pad, or a pin, or a 

solder ball. It will be advantageous in some cases to define, on the PCB, a 

region of clearance of ground plane on the orthogonal projection of the 

1 0 component on the PCB on which it is mounted. In other cases, there will be 

ground plane on a portion of the orthogonal projection of the SMT component 

on the PCB, but not under the orthogonal projection of the slot on said PCB. 

Yet in other embodiments, there will be ground plane also in a portion of the 

15 orthogonal projection of said slot on the PCB. In some examples, the fraction of 

the projection of the slot occupied by ground plane will be less than, or 

approximately equal to, 50%, 40%, 30%, 25%, 20%, 10% or 5% of the 

projection of the slot on the PCB. 

20 A slot antenna integrated in an SMT component can be useful for minimizing 

the ground plane clearance region needed on the PCB. Embedding a slot 

antenna in a discrete SMT component can be difficult due to the necessity to 

ensure good grounding of the conducting sheet in which the slot has been 

created, and to the complexity to couple the feeding signal into the SMT 

25 component. 

30 

Some SMT component comprising slot antennas that can be used for the 

present invention are disclosed in PCT/EP06/062285, the content of which is 

incorporated herein, by reference. 
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Accordingly, SMT-type slot-antenna component useful in the present invention 

can comprise: 

■ at least one conductive surface (different from the conductive surface of 

the ground plane of the PCB) or a sheet of metal in which the pattern of 

a slot is created; and 

■ at least one contact terminal (also referred to as grounding terminal) 

accessible from the exterior of said component to electrically connect 

the conductive surface included in the slot-antenna component with the 

ground plane of the PCB. 

With this component it is possible to provide a slot antenna as a separate 

component which can be connected from the outside. The antenna may further 

comprise: 

■ at least one contact terminal (hereinafter referred to as feeding terminal) 

to couple an electrical signal from the outside of the SMT-type slot­

antenna component with the slot defined in said at least one conductive 

surface. 

It will in principle also be possible to couple a feeding signal into the component 

indirectly by a capacitive or inductive coupling. For a good feeding, however, a 

direct electrical connection can be preferred. This can be achieved by the 

feeding terminal. In any case, the component does not need to have any 

25 internal means for generating an RF signal with which the antenna may be fed. 

30 

Further, it can be preferred that the component further comprises a 

■ dielectric substrate that backs said at least one conductive surface or 

sheet of metal, or in which said at least one conducting surface or sheet 

of metal is embedded. 
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The dielectric substrate allows for the backing of thin metal layers and is a 

widely used technique for the preparation of components for the electronics 

industry. 

The terms sheet of metal and conductive surface are used as synonyms in the 

present document and relate to a conductive layer that can be supported by a 

circuit board or a piece of metal (for example, a rigid piece) such as e.g. a 

stamped metal piece. 

Additional pads may be provided which are not electrically connected inside the 

component or to the ground plane or a feeding element of the circuit board. 

Those pads may be useful fore mechanically holding the antenna component 

by the solder connection at that pad between the component and the circuit 

15 board. 

In some embodiments according to the present invention, the SMT component 

can also include one or several electronic elements or circuits, or the SMT 

component can take the form of an IC package. When the slot-antenna 

20 component takes the form of an IC package, then the slot contained in said IC 

package can preferably be excited with an RF feeding signal coupled from 

outside of said IC package, and not directly from a semiconductor die 

comprised inside said IC package. 

25 In certain of these embodiments, the electronic elements or circuits included in 

the SMT component or IC package will preferably be placed within the SMT 

component or IC package in such a way that they do not interfere with the 

projection of the slot contained in the SMT component. 

30 In some other embodiments, a slot-antenna component may comprise more 

than one, two or three conductive surfaces in which a slot or a portion of a slot 
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is created. By this technique it will be possible to "fold" the slot in the vertical 

direction, away from the PCB. Therefore, the footprint area on the PCB 

required for such an antenna can be significantly reduced in comparison to 

antennas where the slot is "folded" in a plane parallel to the PCB surface plane. 

5 Most conveniently, two conducting surfaces can be provided on the two 

opposite large sides of a circuit substrate. If a multilayer circuit substrate is 

used, further surfaces can be provided in order to form the slot antenna in the 

component. 

1 0 The different surfaces may be connected or may remain unconnected. The 

connection may be done by a hole or by a connection around the edge of a 

circuit substrate. 

In order to protect a conducting layer, it will be advantageous to cover that layer 

15 with a protective layer, to prevent corrosion. Further, such a protective layer 

can be used to define terminals on the conducting layer which are then 

available for, e.g., a solder connection. 

The antenna characteristics can further be chosen by using open-ended or 

20 closed-ended slot geometries. Any end of the antenna may be open or closed. 

In some embodiments it is advantageous to place grounding terminals to 

connect the conductive surface with the ground-plane of the PCB close to at 

least two opposite edges of the slot-antenna component, preferably those two 

25 opposite edges that are the farthest apart from each other, so that the electric 

currents induced by the operation of the slot antenna on the conductive surface 

can flow through grounding terminals into the ground-plane of the PCB as if the 

conductive surface and the ground-plane of the PCB were one single 

conductive surface. 

30 
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In certain cases it might be interesting to place a grounding terminal 

substantially close to at least two corners of said at least two opposite edges of 

the component, preferably the four corners of said two opposite edges of said 

component. 

Further it can be preferred to extend one or more ground terminals along a 

major part of the length of an edge of the component or of the conductive 

surface. For example, the ground terminal may extend along at least 40%, 

50%, 60%, 70%, 80%, 90% or 95% of the length of an edge. Thereby a good 

1 O connection of the conductive surface to the ground plane of the PCB can be 

achieved. This is in particular the case where two grounding terminals extend 

along opposite edges such as the short and/or the long edges. One ground 

terminal may also be bent such that it is L- ,U- or 0-shaped and is preferably 

provided along one, two, three or four neighboring edges. 

15 

Furthermore, in some embodiments it can be advantageous to place grounding 

terminals at two sides of a feeding terminal and substantially close to said 

feeding terminal. This arrangement can be used to effectively excite the slot. 

20 Further in some cases it can be advantageous to provide the feeding terminals 

on two sides of the slot. Then it is possible to combine the slot with another slot 

by connecting the respective two edges of the two slots, thereby forming a 

larger slot. 

25 In some embodiments the feeding means of the slot-antenna component 

comprise a feeding contact and a conductive strip. Said conductive strip can be 

advantageously printed or etched on the same conductive surface as the slot, 

thus making the feeding means coplanar with the slot. The conductive strip 

connects the feeding terminal with the edge of slot that is farther away from the 

30 contact 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 if the terminal is only used for 

feeding purposes. If the feeding terminal is also used for grounding purposes 

such clearance might not be present. 

Also for the conductive strip a clearance may be provided. This clearance may 

not be necessary if the conductive strip is provided on a different level than the 

conductive surface with the slot. If the conductive strip is provided on a different 

level it may be connected to the conductive surface of the slot by a via hole or 

1 0 capacitive or inductive coupling. In the same way, the coupling between the 

feeding terminal and the conductive strip may be made by capacitive, inductive 

or direct electrical contact coupling. 

In order to form pads on the PCB for receiving the terminals of the antenna 

15 component without however unnecessarily reducing the ground plane 

clearance, it is advantageous to provided protrusions of the ground plane which 

extend into clearance. 

Further, the size of the area of the clearance may be smaller than the size of 

20 the antenna component. 

In certain embodiments, the slot-antenna component is electrically coupled, by 

means of feeding terminals, with a slot created on the ground-plane of the PCB 

of the wireless device. In other words, a slot antenna is formed by combining 

25 the slot pattern printed or etched in the ground plane of the PCB, with the slot 

pattern included in the SMT component. Having a portion of the slot antenna 

printed or etched in the ground plane of the PCB can be advantageous, 

particularly because this: 

30 • allows the fine tuning of the antenna to account for changes in the 

dimensions and/or form factor of the ground plane of the PCB to 
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which the slot-antenna component is connected, or the effects of 

dielectric (e.g., plastic) casings or enclosures, by simply acting on the 

portion of the slot antenna printed on the ground plane of the PCB. 

• provides the PCB designer with more flexibility when laying out the 

different electronic components on the PCB, as the shape of the 

portion of slot antenna created in the ground plane can be selected, 

for example, to meet space constraints, or to minimize the distance 

of the antenna to the RF circuit. 

Since this is achieved by acting only on the portion of the slot printed or etched 

on the ground plane of a PCB, while leaving the geometry of the slot contained 

in a conductive surface of an SMT component unchanged, such embodiments 

are effective in providing a standard component that can be used in a great 

15 variety of application environments. 

In order to arrange the antenna such that as much space as possible is left 

over for other components, it can be advantageous to orient an edge, 

especially a long edge, of the SMT-type slot antenna component substantially 

20 parallel to the short or long edge of the circuit board. 

25 

The antenna component should not be to far away from the edge of the PCB. 

This facilitates providing a clearance and assures good radiation 

characteristics. 

In some embodiments, the antenna component is preferably located on or 

close to the middle of an edge and in particular on or close to the middle of a 

long edge of the circuit board or the ground plane. A symmetric location with 

respect to the ground plane can provide a more predictable polarization 

30 characteristic since currents induced in the ground plane are not redirected in 

an asymmetric way by the shape of the ground plane. This may apply even if 
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the antenna itself is not symmetric but the location of the antenna on the 

ground plane is symmetric or almost symmetric. 

The slot of the component may be excited by balanced or unbalanced feeding. 

5 This can be done with the help of a coplanar or coaxial transmission line or a 

microstrip transmission line. 

By combining the slot of a ground plane and the slot of a slot-antenna 

component it is possible to obtain combined slots which are open at none, one, 

1 O or two ends. 

If such a combined slot is provided, this combined slot may be excited by 

exciting the slot portion of the antenna component or the slot portion of the 

ground plane. The latter may be preferred since with this technique it is 

15 possible to connect an RF-generator directly with the ground plane of the circuit 

board on which the RF-generator itself is arranged. 

Another aspect of the invention relates to a technique to further improve the 

isolation between a mobile antenna and a wireless connectivity antenna in a 

20 handset or handheld device, for example, by acting on the geometry of the 

mobile antenna to eliminate any resonance modes that might fall within any of 

the operating bands of the wireless connectivity antenna, in line with what is 

claimed and described below. In the present text, "operating band" especially 

implies a band in which the antenna features similar values for a number of 

25 parameters representative of the antenna performance. 
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List of figures 

Further characteristics and advantages of the invention will become apparent in 

view of the detailed description which follows of some preferred embodiments 

5 of the invention given for purposes of illustration only and in no way meant as a 

definition of the limits of the invention, made with reference to the 

accompanying drawings, in which: 

Figs. 1(A-8) - Example of a prior art slider-type handset carrying an antenna 

1 0 for mobile communications (101) and comprising a top PCB (100) (the 

dimensions of which could be, for example, 78mm x 40mm) and a bottom PCB 

(102) (for example, with the dimensions 70mm x 35mm): (Fig. 1A) General 

view of the PCBs of the handset in the closed position; and (Fig. 18) general 

view of the PCBs of the handset in the open position. 

15 

20 

25 

Fig. 2 - Top view of an example of a prior art handset comprising a first 

antenna for mobile communications placed on the top portion of the PCB of the 

handset and a second antenna for wireless connectivity services placed on the 

bottom right corner of the PCB. 

Figs. 3(A-8) - Typical electrical performance of the antennas of the handset 

shown in Fig. 3A: Return loss of each antenna and isolation between antennas 

when the handset is in closed position; and (Fig. 38) return loss of each 

antenna and isolation between antennas when the handset is in open position. 

Figs. 4(A-8) - Top view of a handset according to an embodiment of the 

present invention, including a first antenna for mobile communications placed 

on the top portion of the PCB of the handset and a second antenna for wireless 

connectivity services placed on the bottom right corner of the PCB, wherein the 

30 second antenna is a slot antenna: (Fig. 4A) General view of the PCB of the 

handset carrying the two antennas; and (Fig. 48) detailed view of the region 

that contains the slot antenna. 
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Figs. (A-8) - Typical electrical performance of the antennas of the handset 

shown in Figs. (A-B): (Fig. SA) Return loss of each antenna and isolation 

between antennas when the handset is in closed position; and (Fig. 58) return 

5 loss of each antenna and isolation between antennas when the handset is in 

open position. 

Fig. 6 - Typical radiation and antenna efficiency of the slot antenna for wireless 

connectivity integrated in the handset of Fig. 4. 

1 0 Fig. 7 (A-I) - Top view of some implementations of the handset comprising a 

mobile antenna 701 and a slot antenna (black line) 702 on the PCB (700) for 

wireless connectivity services. 

Figs. S(A-8) - Typical electrical performance of the antennas of the handset 

15 shown in Fig. 7B: (Fig. SA) Return loss of each antenna and isolation between 

antennas when the handset is in closed position; and (Fig. 88) return loss of 

each antenna and isolation between antennas when the handset is in open 

position. 

20 Figs. 9(A-C) Detailed view of an example of a handset comprising a first 

antenna for mobile communications and a second antenna for wireless 

connectivity services. The geometry of the antenna for mobile communications 

can be tailored according to the teachings of the present invention to enhance 

the isolation with the antenna for wireless connectivity services by (Fig. 98) 

25 modifying the dimensions of an arm of the mobile antenna; or (Fig. 9C) folding 

an arm of the mobile antenna. 

Fig. 10 - Comparison of typical levels of isolation between the mobile antenna 

and the wireless connectivity antenna that can be obtained before and after 

30 modifying the mobile antenna as depicted in Fig. 9B. 
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Figs. 11 (A-8) - Detailed view of an antenna for mobile communications whose 

geometry has been modified according to the teachings of the present 

invention to enhance the isolation with the antenna for wireless connectivity 

services by increasing the length of a slot defined in the structure of the mobile 

5 antenna by means of: (Fig. 11A) shaping the slot as a meander-like curve; or 

(Fig. 118) adding a conductive strip inside the aperture of the slot. 

Fig. 12 - Comparison of typical levels of isolation between the mobile antenna 

and the wireless connectivity antenna that can be obtained before and after 

1 0 modifying the mobile antenna as depicted in Fig. 11 B. 

Figs. 13(A-8) - Detailed view of the top portion of the PCB of a handset 

showing different embodiments according to the present invention to enhance 

the isolation between an antenna for mobile communications and an antenna 

15 for wireless connectivity services by: (Fig. 13A) introducing a slot on the PCB; 

or (Fig. 138) placing a conductive stripe above the PCB that is shorted on one 

end to the PCB. 

Fig. 14 - Comparison of typical levels of isolation between the mobile antenna 

20 and the wireless connectivity antenna that can be obtained before and after 

modifying the PCB of the handset as depicted in Fig. 13B. 

Figs. 15(A-8) - Embodiment of a handset according to the present invention 

including a mobile antenna, a wireless connectivity antenna, and parasitic 

25 element to enhance the isolation between antennas: (Fig. 15A) General view of 

the PCB of the handset; and (Fig. 158) detailed view of the top portion of the 

PCB of the handset showing the shape of the parasitic element. (For the sake 

of clarity, in Fig. 15B the parasitic element appears to be above the mobile 

antenna, although in reality it is placed below the mobile antenna but above the 

30 plane of the PCB of the handset, that is, between the mobile antenna and the 

PCB of the handset.) 
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Fig. 16 - Comparison of typical levels of isolation between the mobile antenna 

and the wireless connectivity antenna that can be obtained before and after 

introducing a parasitic element, like the one shown in Figs. 15(A-B), in the 

5 handset. 

Figs. 17(A-B) - Example of a box counting curve located in a first grid 

(Fig. 17 A) of 5x5 boxes and in a second grid (Fig. 178) of 1 0x1 0 boxes. 

1 0 Fig. 18 - Example of a grid dimension curve. 

Fig. 19 - Example of a grid dimension curve located in a first grid. 

Fig. 20 - Example of a grid dimension curve located in a second grid. 

15 

Fig. 21 - Example of a grid dimension curve located in a third grid. 

Figs. 22(A-B) - Example of a slot antenna component. 

20 Figs. 23(A-C) - Different examples of possible locations of a slot antenna 

component on the circuit board. 

Description of the preferred embodiments 

25 In some preferred embodiments of the handset 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 second antenna 

used for at least one wireless connectivity service, wherein the second antenna 

is a slot antenna (cf. for example Figs. 4(A-B)). In the example of Figs. 4(A-

30 B), and without being a limitation of the invention, the slot (402) has been 

created in the ground plane of the PCB (400) (namely, in a conductive metal 
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layer of the PCB) on its right hand side and near the bottom (considering a 

groundplance arranged in the vertical plane and with the mobile antenna 401 

at its top end, as illustrated in Figs. 4(A-B)). The shape of the slot (402), and 

the length and widths of each one of the segments that form the said slot 

5 (402), can be selected to meet the requirements of resonance frequency, 

electrical performance, and maximum PCB area constraint, of a given 

handset or handheld device. 

In the example of Figs. 4(A-B), the slot (402) intersects the perimeter of the 

1 0 ground plane of the PCB (400) at one point (406). In other words, the slot 

(402) is not completely surrounded by conducting materials. In some 

preferred cases, the unfolded length of the slot (402) will be approximately a 

quarter of an operating wavelength of the slot antenna. In some other cases, 

the unfolded length of the slot (402) will be approximately three times, or 

15 approximately five times, or approximately another odd integer number of 

times, the length of one quarter of an operating wavelength of the slot 

antenna. 

In other embodiments, the slot might intersect the perimeter of the ground 

20 plane of the PCB on which is placed at least at one point, such as for 

example at two points. In yet some other embodiments, the slot might not 

intersect the perimeter of the ground plane of the PCB on which is placed. 

That is, the slot is in these cases completely surrounded by conducting 

material (in the layer or layers containing the slot). In some embodiments, it 

25 might be advantageous that the unfolded length of the slot be approximately 

twice, or approximately four times, or approximately another even integer 

number of times, the length of one quarter of an operating wavelength of the 

slot antenna. 

30 In order to minimize the coupling between the first antenna (401) and the 

second antenna (402) (i.e., to maximize the isolation), the design of the slot 
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(402) and its orientation with respect to the PCB (400) is selected such that 

the slot (402) is substantially parallel to the direction of the currents excited 

on the PCB (400) by a resonating mode of the first antenna (401 ), at least on 

a portion of the PCB (400). In some cases, it is advantageous to design the 

5 slot (402) such that it is substantially parallel to the longer side of the 

conductive layer or ground-plane of the PCB (400), because the currents 

excited on said PCB (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 

context of this application, two directions are considered to be substantially 

1 0 parallel if they form an angle of less than, or equal to, approximately 30 

degrees. Also in the context of this application, the direction of a slot is defined 

by the direction of the longest side of the minimum rectangular area in which 

said slot is or can be inscribed. 

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

particular resonance frequency, so that said first antenna behaves substantially 

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

embodiments it will be advantageous to align the said slot of the first antenna 

along a first direction and the slot of the second antenna along a second 

20 direction, said first direction being substantially orthogonal to said second 

direction. In the context of this application, two directions are considered to be 

substantially orthogonal if they form an angle in the range from approximately 

60 degrees to approximately 120 degrees. 

25 The shape of the slot (402) can comprise straight and curved segments, not 

necessarily all segments being of the same length (see examples in Figs. ?(A­

l)). In the same way, the separation between the conductive edges of each 

segment of the slot (402) does not have to be the same for all segments, nor 

constant for any given segment (i.e., any segment of the slot (402) can be 

30 tapered). 
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In some examples, the slot (402) might have one, two, three, or more bends. 

In general, as the number of bends in the slot (402) increases, the shape of 

the slot (402) becomes more and more convoluted, leading to a higher 

degree of miniaturization of the resulting slot antenna. 

In some cases, the slot antenna can advantageously be excited by applying 

a voltage difference between the opposite conductive edges of the slot (402) 

at a particular point (408) along the geometry of the slot (hereinafter referred 

to as the feeding point). In some embodiments, the feeding point (408) will be 

1 0 closer to the closed end of the slot (407) than to the open end of the slot 

(406). In certain examples, the distance between the feeding point (408) and 

the closed end of the slot (407) will be less than, or equal to, 0.2%, 0.4%, 

0.8%, 1.2% 1.6%, 2.5%, 3.3%, 4% or 8% of a free-space operating 

wavelength of the slot antenna. 

15 

In some examples, it will be advantageous to have the slot antenna (402) 

inscribed in a rectangular area (403) of width (405) smaller than 1/50 of the 

free-space operating wavelength of the slot antenna (402), and length (404) 

smaller than 1 /4 of the free-space operating wavelength. Being more general, 

20 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 fractions: 1/10, 1/30, 1/50, 1/60, 1/70, or 1/80. In the same way, 

for some embodiments, said length (404) divided by the free-space operating 

wavelength of the slot antenna can be smaller than, or equal to, at least one of 

25 the following fractions: 1/2, 1/3, or 1/4. In some other instances, it will be 

advantageous that the sum of the length (404) and the width (405) of the 

rectangular area (403) in which the slot is inscribed be smaller than 1 /2 of the 

free-space operating wavelength, or even smaller than 1/4 of the free-space 

operating wavelength. Furthermore, it will be advantageous in some cases that 

30 the separation between the two edges of the slot (402) be within a range from 

approximately 0.08% of the free-space operating wavelength to approximately 
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8% of a longest free-space operating wavelength, including any subinterval of 

said range. 

Figs. 5(A-B) presents, without any limiting purpose, an example of electrical 

5 results for the handset of Figs. 4(A-B) according to the present invention. Fig. 

5A presents typical values of the input parameters of the antennas (i.e., return 

losses of each antenna, and isolation between antennas) when the slider-type 

phone is in the closed position, while Fig. 5B presents the typical results of the 

antennas when the phone is in the open position. In this example, the first 

1 O antenna (401) was designed to have a multiband behavior, with a first 

resonance around 900MHz to provide coverage for the GSM900 service, and a 

second resonance around 1900MHz to provide service under the GSM1800 

and GSM1900 standards. On the other hand the second antenna was 

designed to be tuned in the 2500MHz band. The isolation between the first 

15 antenna (401) and the second antenna (402) exceeds 30dB in the 900MHz 

band, is better than 23dB in the 1900MHz band, and better than 21 dB in the 

2500MHz band. The level of isolation attained between the antennas of the 

example shown in Figs. 4(A-B) is better than the results obtained for the 

example of a conventional prior-art arrangement in Fig. 2. A typical radiation 

20 performance of the slot antenna (402) is shown without any limiting purpose in 

Fig. 6. The slot antenna (402) has a level of radiation efficiency in excess of 

60% in its band of operation both in the open and closed positions of the 

handset. 

25 Figs. 7(A-I) present, without any limiting purpose, some embodiments for the 

present invention of a handset or handheld device comprising a slot antenna. 

Generally, it will be preferable to keep the separation between the mobile 

antenna (701) and the wireless connectivity antenna (702) as large as possible 

in order to maximize the isolation between the antennas. For example, isolation 

30 between the antennas on the PCB for the case of Fig. 7C is expected to be 

better than for the case of Fig. 7 A, as the separation between the antennas is 
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larger. However, in certain embodiments it may not be possible to place the 

mobile antenna (701) and the wireless connectivity antenna (702) further apart. 

In these cases it will be especially necessary or convenient to use additional 

techniques to further improve the isolation between the mobile antenna and the 

5 wireless connectivity antenna by acting either on the geometry of the mobile 

antenna, or on the PCB of the handset or the handheld device, or on both. 

The electrical performance of the antennas in the embodiment of Fig. 7B is 

presented without any limiting purpose in Figs. 8(A-B). As it can be observed, 

1 0 the return loss of each antenna is practically the same as the one already 

presented in Figs. 5(A-B). However, there is a degradation in the isolation 

between the mobile antenna (701) and the wireless connectivity antenna (702), 

predominantly around 2400MHz, linked to the smaller separation between the 

antennas. 

15 

Another aspect of the invention relates to techniques to enhance the isolation 

between the mobile antenna and the wireless connectivity antenna. Some of 

these techniques comprise the steps of shaping the geometry of the mobile 

antenna to eliminate higher order resonant modes or spurious modes that may 

20 fall within an operating band of the wireless connectivity antenna (or vice­

versa), giving rise to strong coupling of the mobile antenna with the wireless 

connectivity antenna. 

In some embodiments, the mobile antenna can comprise features (such as, for 

25 instance, a slot, or a strip of metal) with an electrical length close to 

approximately an integer multiple of a quarter of an operating wavelength of the 

wireless connectivity antenna. For example, in the embodiment of Fig. 9A, the 

mobile antenna (901) comprises a slot (903) that has a length of approximately 

a quarter of the wavelength at 2600MHz, corresponding to an operating band 

30 of the wireless connectivity antenna. For the purposes of this example and the 

following ones, a wireless connectivity antenna (902) (for example, embodied in 
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a slot antenna component) has been placed near the top left corner of the PCB 

(900) underneath the mobile antenna (901 ). As commented previously, this is 

not a particularly advantageous position for the wireless connectivity antenna 

(902), as the little distance with respect to the mobile antenna (901) can imply 

5 poor isolation. As it can be seen in Fig. 10, a typical level of isolation between 

antennas at 2600MHz is approximately 8dB. However, this antenna 

arrangement will help to illustrate the improvement in isolation between 

antennas that can be achieved by following the teachings disclosed in this 

patent application. 

10 

In order to increase the isolation between antennas, the length of the slot (903) 

can be shortened to force the associated resonance frequency to move 

towards higher frequencies, away from the wireless connectivity band. In the 

embodiment illustrated in Fig. 9B, the conducting arm of the mobile antenna 

15 (934) has been shortened by some amount with respect to the original arm 

(904), so that the resulting slot (933) is shorter or substantially shorter than a 

quarter of the relevant resonant wavelength of the wireless connectivity 

antenna and therefore resonates at a higher frequency. 

20 The resonance frequencies of the mobile antenna (931) might shift in frequency 

as a consequence of the shortening of the conducting arm (934). The operating 

bands of the mobile antenna (931) can be readily retuned using for example a 

matching network at the feeding point of the antenna. As an alternative, it can 

be preferred to lengthen the arm (934) to retune the operating bands of the 

25 mobile antenna (931 ), while keeping the length of slot (933) constant. In that 

sense, the embodiment in Fig. 9C shows a mobile antenna (961) in which the 

conducting arm (964) has been folded as a U shape, while ensuring that the 

length of the slot (963) is shorter than that of the slot (903) in Fig. 9A. In this 

case, the end of the conducting arm (964) does not coincide with the open end 

30 of the slot (963), as it was the case of embodiment in Fig. 9A, where the tip of 

arm (904) defined the open end of the slot (903). Fig. 1 0 presents without any 
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limiting purpose a typical antenna isolation that can be obtained with a modified 

mobile antenna like the one in Fig. 9C, and compares it with the isolation 

obtained with the original mobile antenna (Fig. 9A). 

5 In some cases, in order to achieve a good improvement in isolation between 

antennas, the length of a slot, or a conducting strip, or more generally a 

geometric feature of the mobile antenna which has an associated resonance 

within a band of the wireless connectivity antenna, will be modified (i.e., 

shortened or enlarged) about 12%, or about 20%, or even about a 30%, of the 

1 0 original length of said slot, or said conducting strip, or said geometrical feature 

of the mobile antenna. 

In some other embodiments it can be advantageous to increase a dimension of 

a feature of the mobile antenna with an associated resonance at a frequency 

15 within an operating band of the wireless connectivity antenna. Figs. 11 (A-B) 

discloses two embodiments of a handset comprising a mobile antenna and a 

wireless connectivity antenna that use this technique to improve the antenna 

isolation. In the case of Fig. 11 A, the slot (903) in the original mobile antenna 

(901) has been replaced by a meander-like slot (1103) to make it electrically 

20 longer and shift the resonance associated to 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-filling curve, a box-counting curve, a grid-dimension curve, or a 

fractal based curve, to achieve maximum size compression. 

25 

The embodiment in Fig. 11 B illustrates another way of increasing the electrical 

length of the slot (903) of the original mobile antenna (901 ). In this case, the 

mobile antenna (1151) comprises a metal strip (1154) that is placed between 

the edges of the slot (903) and shorted at one end to the main body of the 

30 mobile antenna (1151) in the region (1155). In certain cases, the metal strip 

(1154) will be long enough to cover substantially the slot (903), while in other 
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cases the metal strip (1154) will be shorter and be placed in just a portion of the 

slot (903). The resulting "Li-shaped" slot will have an associated resonance 

frequency lower than that of the original slot (903). Fig. 12 presents without any 

limiting purpose a typical antenna isolation that can be obtained with a modified 

5 mobile antenna like the one in Fig. 11 B, and compares it with the isolation 

obtained with the original mobile antenna (Fig. 9A). In some embodiments, 

such a technique improves the isolation by 4dB or more. 

Some other techniques to enhance the isolation between the mobile antenna 

1 0 and the wireless connectivity antenna in a handset or handheld device 

according to the present invention comprise the steps of modifying the 

geometry of the PCB of said handset or handheld device to introduce on said 

PCB a feature able to increase the isolation between antennas in a particular 

frequency band. 

15 

Fig. 13A presents an embodiment of a handset comprising a mobile antenna 

(1301 ), a wireless connectivity antenna (1302) and a PCB (1300), wherein a 

slot (1304) has been created in a ground plane of said PCB (1300). The slot 

(1304) features an open end. That is, the slot (1304) intersects the perimeter of 

20 the conducting pattern of the PCB (1300) in at least one point. In other words 

the slot (1304) is not completely surrounded by conducting materials. In this 

example, the unfolded length of the slot (1304) has been selected to be 

approximately a quarter of the wavelength at the frequency for which the 

isolation between antennas needs to be enhanced. More generally, the length 

25 of the slot (1304) can be adjusted to be approximately an odd integer multiple 

of a quarter of the wavelength at the frequency for which a higher level of 

isolation is needed. 

A purpose of the slot (1304) is to present a high impedance path to the currents 

30 flowing on the perimeter of the ground plane of the PCB (1300) on which the 

slot (1304) is placed and/or along a preferred path between the feeding points 

6034559v.l 47005-P040WUSC1 

EX1002 - Page 314



39 

of the first and second antennas (the feeding point of said second antenna 

(1302) is placed under the first antenna (1301 ), at the left of the slot (1304) in 

Fig. 13A). Therefore, it will be preferred in certain embodiments, in order to 

increase the isolation, to place the slot (1304) at a point along the perimeter of 

5 the ground plane of the PCB (1300) in which the currents flowing from the 

wireless connectivity antenna (1302) towards the mobile antenna (1301) along 

the perimeter of the ground plane of the PCB (1300) are strong. In other 

embodiments, a purpose of shaping the ground plane with for instance one or 

more slots is to alter the phase and amplitude of the coupling and to generate 

1 0 multiple signal coupling paths such that those multiple signals cancel or 

partially cancel each other. 

Fig. 13B discloses another embodiment of a handset comprising a mobile 

antenna (1301 ), a wireless connectivity antenna (1302) and a PCB (1350), 

15 wherein a conductive stripe (1354) has been placed above, and substantially 

parallel to, the ground plane of the said PCB (1350) and shorted at one end to 

the said PCB (1350). In the example of the figure, the unfolded length of the 

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

wavelength at the frequency for which the isolation between antennas needs to 

20 be enhanced. Being more general, the length of the conducting stripe (1354) 

can be adjusted to be approximately an odd integer multiple of a quarter of the 

wavelength at the frequency for which a higher level of isolation is needed. 

Similarly to the slot (1304) in Fig. 13A, a purpose of the conducting strip (1354) 

25 is to present a high impedance path to the currents flowing on the ground plane 

of the PCB (1350) from the wireless connectivity antenna (1302) towards the 

mobile antenna (1301) (or viceversa). Therefore, it will be advantageous in 

some cases, to place the shorted end of the conducting stripe (1354) at least a 

distance of approximately a quarter of the wavelength at the frequency for 

30 which a higher level of isolation is needed, on the path that the currents flowing 
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from the wireless connectivity antenna (1302) towards the mobile antenna 

(1301) follow on the ground plane of the PCB (1350) (or viceversa). 

Fig. 14 presents, without any limiting purpose, typical antenna isolation that can 

5 be obtained by using a handset with a modified PCB as the one disclosed in 

Fig. 13B. Compared with the isolation curve obtained in the original handset 

(Fig. 9A), the presence of the shorted conducting strip (1354) introduces a deep 

notch in the isolation in the region between 2600MHz and 2800MHz, where the 

original handset had a poor isolation. 

10 

In other embodiments, the ground plane of the PCB of the handset or handheld 

device can have two or more slots, like the slot (1304) in Fig. 13A, or two or 

more conducting strips shorted to the ground plane of the PCB, like the 

conducting stripe (1354) in Fig. 13B. By adjusting the number and length of the 

15 slots or the conducting strips, the frequency behavior of the isolation between 

antennas can be tailored. In general, for a wide-band behavior, the length of the 

slots or the conducting strips will be substantially similar. For a multiband 

response with no overlapping between frequency bands, the length of each slot 

or each conducting strip is associated mainly with the center frequency of a 

20 particular band at which the isolation between antennas needs to be increased. 

In yet other embodiments, a single slot (or a single conducting strip) with 

multiple branches can be used to obtain an improvement in the isolation with a 

wideband or multiband behavior. 

25 In yet other embodiments, the handset or handheld device comprises a mobile 

antenna (1501 ), a wireless connectivity antenna (1502), and a conducting strip 

(1504) placed in the vicinity of the mobile antenna (1501) and the wireless 

connectivity antenna (1502), but differently from what is disclosed in Fig. 13B, 

said conducting strip (also referred to as parasitic element) is not connected to 

30 the ground plane of the PCB (1500). In the example of the Fig. 15(A-B), the 

unfolded length of the conducting strip (1504) has been selected to be 
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approximately half of the wavelength at the frequency for which the isolation 

between antennas needs to be enhanced. The resonance introduced by said 

conducting strip (1504) enhances the curve of isolation between antennas (see 

Fig. 16, which is provided for the purposes of illustration only and in no way 

5 meant as a definition of the limits of the invention), improving substantially the 

isolation in the desired band (the 2600MHz - 2800MHz region in this particular 

example). This conductive strip (1504) basically functions as a shield for the 

electromagnetic radiation between the two antennas. 

1 0 In some embodiments of the present invention (see for example Figs. 13(A-B) 

and 15(A-B)) at least a portion of the slot (1304), or a portion of the conducting 

strip (1354, 1504) will preferably be shaped as a space-filling curve, a box­

counting curve, a grid-dimension curve, or a fractal based curve, to achieve 

maximum size compression. 

15 

A person skilled in the art will recognize that the techniques disclosed in this 

patent application can be advantageously used to enhance the isolation 

between an antenna for mobile communications and an antenna for wireless 

connectivity services not only when the latter is a slot antenna but also for other 

20 types of antenna topology such as for instance, but not limited to, a monopole 

antenna, an IFA, a patch antenna or a PIFA. 

Figs. (A-B) shows an example of slot-antenna component 221 0 according 

useful for present invention, including a conductive surface 2211, in which a 

25 slot 2213 has been created, a dielectric substrate2212, five grounding terminals 

2215 and feeding means comprising a feeding terminal 2214. In Fig. 22A a 

perspective bottom view of the slot-antenna component (i.e., as seen from the 

side of the component facing the PCB on which it is to be mounted) is shown. 

Fig. 22B is a top view of the component (i.e., as seen from the side of the 

30 component not facing the PCB on which it is to be mounted). 
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The conductive surface 2211 is backed by a dielectric substrate 2212. In this 

particular embodiment, and without limiting purposes, the contour of the slot 

2213 is inspired in the Hilbert curve; however, other shapes could also be 

used. In fact, the shape of the slot 2213, and the length and width of each 

5 one of the segments that form said slot 2213, can be selected to meet the 

requirements of resonance frequency, electrical performance, and maximum 

size, of a given SMT component. 

In a preferred embodiment, the conductive surface 2211 is covered by another 

1 0 dielectric layer (such as for example a layer of ink, or a layer of protective epoxy 

coating for environmental protection), in which some windows are left in order 

to create one or more contact terminals 2214, 2215 of the component 2210. In 

Figs. 22(A-B), the slot-antenna component 221 0 comprises one feeding 

terminal 2214 and several grounding terminals 2215. The contact terminals 

15 2214, 2215 have been depicted as square pads, although they could be 

shaped differently, or take the form of pins or BGA balls. 

All contact terminals 2214, 2215 are arranged on or close to the edge of the 

conductive surface 2211 and at the same time on or close to the edge of 

20 antenna component 2210. 

In Figs. 22(A-B), the feeding means of the slot-antenna component 221 0 

comprise a feeding contact 2214 and a conductive strip 2218 that can be 

advantageously printed or etched on the same conductive surface 2211 as the 

25 slot 2213, thus making the feeding means coplanar with the slot 2213. The 

conductive strip 2218 connects the feeding terminal 2214 with the edge of the 

slot 2213 that is farther from the contact terminal 2214 in region 2219 along the 

slot 2213. In the example of Fig. 12, the connection of the conductive strip 2218 

with the edge of the slot 2213 that is farther from the contact terminal 2214 

30 occurs at a substantially right angle (i.e., an angle of approximately 90Q), 

however said connection could also occur at angles smaller or larger than 90Q. 
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In said region 2219, the edge of the slot 2213 that is closer to the feeding 

terminal 2214 is interrupted, so that the conductive strip 2218 can cross the slot 

2213 reaching the farther edge of said slot 2213. A clearance region 2220 is 

5 created at both sides of the conductive strip 2218 and the feeding terminal 

2214. The width of the clearance region 2220 does not need to be necessarily 

the same on both sides of the conductive strip 218 and the feeding terminal 

2214. The input impedance of the slot antenna can be appropriately selected 

by means of the distance of the region 2219 to an end of slot 2217, the width of 

1 0 the conductive strip 2218 and the widths of the clearance region 2220 on each 

side of the conductive strip 2218, and the feeding terminal 2214. 

In certain embodiments, said widths can be substantially equal. In some cases, 

the width of the conductive strip 2218 and the widths of the clearance regions 

15 on each side thereof can be advantageously selected so as to form a coplanar 

transmission line. The width of the conductive strip 2218 and the widths of said 

clearance regions will preferably be smaller than a maximum width. Some 

possible values for said maximum width comprise 1 /2400, 1 /1200, 1 /800, 

1 /600, 1 /480, 1 /400, 1 /300, 1 /240, 1 /200, 1 /150 and 1 /120 of a free-space 

20 operating wavelength of the slot antenna. 

In some cases, it will be advantageous to place a grounding terminal 2215 at 

each side of the feeding terminal 2214. In other examples, the feeding terminal 

2214 might not be coplanar with the slot 2213, making it necessary to couple a 

25 feeding signal from the feeding terminal 2214 to the conductive strip 2218 

either by direct contact (such as for instance by means of a via hole), or by 

electromagnetic coupling (either capacitive or inductive). Capacitive (or 

inductive) coupling can be preferred in some cases to compensate for an 

inductive (or capacitive) component of the input impedance of the slot antenna, 

30 without having to use external circuit elements such as capacitors or inductors. 
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Figs. 22(A-B) shows an example of the slot-antenna component 221 0 in which 

the slot antenna is excited in an unbalanced manner. In some other examples, 

a slot-antenna component could be excited in a balanced manner by including 

a first feeding terminal to provide a positive potential (referenced to a ground 

5 potential) and a second feeding terminal to provide a negative potential 

(referenced to said ground potential). In some cases, the component can also 

include a third feeding terminal to provide said ground potential. 

In the embodiment of Figs. 22(A-B), the slot 2213 has a first end 2216 that 

1 0 intersects the perimeter of the conductive surface 2211. That is, the slot 2213 

is open-ended at said first end 2216. Furthermore, the second end 2217 of 

the slot does not intersect the perimeter of the conductive surface 2211 (i.e., 

it is closed-ended). 

15 In Figs. 23(A-B) examples of how a slot-antenna component 221 0 can be 

placed on a substantially rectangular PCB 2300 of a wireless (e.g. handheld or 

portable) device are shown. In Fig. 23A the longer dimension of the slot­

antenna component 221 0 is aligned with one of the longer edges of the PCB 

2300, and substantially centered along said edge. Fig. 23B relates to the case 

20 where the longer dimension of the slot-antenna component 221 0 is aligned with 

one of the longer edges of the PCB 2300, and substantially close to a corner of 

said edge and in Fig. 23C the longer dimension of the slot-antenna component 

221 0 is aligned with one of the shorter edges of the PCB 2300, and 

substantially close to a corner of said edge. It may also be centered along the 

25 short edge. 

In Figs. 23(A-C), the conductive layer of the PCB 2300 has been removed or, 

at least, partly removed under the slot-antenna component 2210, that is, in 

correspondence with the footprint of the slot-antenna component on the PCB, 

30 that is, in correspondence with its projection on the PCB 2300. 
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Generally, the present invention can facilitate the integration of the antennas 

inside several kinds of handsets or handheld devices so that the antennas can 

be arranged in a way that it is compatible with high density of components on 

the PCB of the device. For miniaturization purposes, at least a portion of the 

5 curve defining the conducting trace, conducting wire or contour of the 

conducting sheet of at least one antenna of the handset or handheld device will 

advantageously be a space-filling curve, a box-counting curve, a grid­

dimension curve, or a fractal based curve. The conducting trace, conducting 

wire or contour of the conducting sheet of said at least one antenna might take 

1 0 the form of a single curve, or might branch-out in two or more curves, which at 

the same time in some embodiments will be also of the space-filling, box­

counting, grid-dimension, or fractal kinds. Additionally, in some embodiments a 

part of the curve will be coupled either through direct contact or electromagnetic 

coupling to a conducting polygonal or multilevel surface. 

15 

The teachings disclosed in the present patent application facilitate the adoption 

of the wireless functionality in handsets and other handheld devices. Handset 

and handheld device manufactures will benefit from the commercialization of 

such products with value-added features and that enjoy of stronger customer 

20 preference. In a platform like the one of a handset for mobile communications 

in which the efficient use of small-sized PCBs is paramount, the integration of a 

wireless connectivity antenna according to the present invention offers the 

benefit of small area overheads (i.e., smaller overall size of the handheld 

device), which translates into lower cost. Moreover, the enhanced isolation 

25 between antennas attainable using the techniques and teachings of the present 

invention provide handset and handheld device manufacturers with more 

flexibility when designing the layout of the PCB of the devices and the 

placement of the antennas and neighboring electronics on the PCB of the 

devices, reducing the costs of integration of the antenna, simplifying the new 

30 product development cycle, and accelerating the time to market of their new 

products. 
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In some preferred embodiments the handset or handheld device is operating at 

one, two, three or more of the following communication and connectivity 

services: GSM (GSM850, GSM900, GSM1800, American GSM or PCS1900, 

5 GSM450), UMTS, WCDMA, CDMA, Bluetooth™, IEEE802.11ba, 

IEEE802.11 b, IEEE802.11 g, WLAN, WiFi, UWB, Zig Bee, GPS, Galileo, 

SDARs, XDARS, WiMAX, DAB, FM, 0MB, DVB-H. 
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MARKED UP VERSION OF SUBSTITUTE 

SPECIFICATION 

HANDHELD DEVICE WITH TWO ANTENNAS, AND METHOD OF 

ENHANCING THE ISOLATION BETWEEN THE ANTENNAS 

Object of the invention 

The present invention relates to a handset and generally to any handheld 

1 0 device, which includes an antenna for receiving and transmitting 

electromagnetic wave signals. 

It is an object of the present invention to provide a handset or handheld device 

(such as, for instance, a mobile phone, a smartphone, a PDA, an MP3 player, a 

15 headset, a USB dongle, a laptop, a PCMCIA or Cardbus 32 card), which 

comprises a first antenna (for example, an antenna for mobile 

communications), and a second antenna (for mobile communications, and/or 

for at least one wireless connectivity service), said second antenna being a slot 

antenna. The second antenna can require a very small area on the printed 

20 circuit board (PCB) of the hand-held device. 

Another aspect of the invention relates to a technique to obtain good isolation 

between said first antenna and said second antenna. According to the present 

invention, good isolation between the antennas included in the handset or 

25 handheld device can be obtained by appropriately choosing the placement 

and orientation on the PCB of each one of the antennas comprised in the 

handset or handheld device, and/or by acting on the PCB (or, rather, on a 

conductive layer of the PCB, such as a metal layer of the PCB acting as a 

ground-plane for one or both of the antennas) of the handset or handheld 

30 device to reduce the electromagnetic coupling between antennas, and/or by 

other means 
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Background of the invention 

The current trend in the sector of mobile phone manufacturers, and more 

generally handheld device manufacturers, is to incorporate added value 

5 wireless services, such as connectivity functionality and geolocalization (such 

as for example, but not limited to Bluetooth ™, IEEE802.11 a, IEEE802.11 b, 

IEEE802.11 g, WLAN, WiFi, UWB, ZigBee, GPS, Galileo, SDARs, XDARS, 

WiMAX, DAB, FM, DVB-H, or 0MB) in more and more of their products. An 

antenna arranged or configured to operate effectively in a frequency band 

1 0 suitable for one or more of these services or standards is sometimes referred to 

as a "wireless connectivity antenna" in this document. 

In some cases, these handheld devices also operate in at least one frequency 

band used for mobile communication services, such as GSM (GSM850, 

15 GSM900, GSM1800, American GSM or PCS1900, GSM450), UMTS, WCDMA, 

or CDMA, apart from having the ability to operate in the frequency band 

corresponding to the wireless connectivity service. 

Although it is possible to integrate all the operating bands of a particular 

handheld device in a single antenna, the trend in the handset manufacturing 

20 industry shows that it is preferred to have two separate antennas: A first 

antenna is used for the bands of the selected mobile communication services 

(such as, for example, GSM), and a second antenna is used to allow the device 

to operate at an additional communication service (such as, for instance, 

UMTS) or at the frequency bands of a wireless connectivity standard (such as, 

25 for example, WLAN or Bluetooth ™). 

30 

Using two separate antennas presents some advantages: 

• It can make the design of each one of the antennas easier, as a single 

multiband antenna covering all the bands of operation of the handset 

would require a more complicated design. 
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15 

3 

• It also simplifies the radiofrequency (RF) front-end for each one of the 

two antennas. If there is only one single antenna, the RF front-end to 

which the antenna is connected would have to include a diplexer or 

multiplexer capable of separating the frequency bands corresponding to 

the different services, for example, separating the mobile communication 

frequency bands from the wireless connectivity frequency bands. 

• Moreover, it offers more flexibility in the design of the PCB that carries 

the electronic components and circuitry of the handset or handheld 

device. In many cases, a PCB designer will preferably lay out the 

module or chipset providing the wireless connectivity functionality, and 

the module or chipset for the mobile communication services, in different 

parts of the PCB. 

The first antenna can typically be, for instance and without limitation, a 

monopole antenna, an inverted-F antenna (IFA), a patch antenna, or a planar 

inverted-F antenna (PIFA). Some known solutions for said second antenna 

include antennas printed on the PCB of the device (such as, for example, but 

20 not limited to, a printed IFA), or an antenna component, or a chip antenna. 

However, the integration in a handset of a second antenna dedicated to the 

wireless connectivity services is not trivial. As the space available on the PCB 

of the device is scarce, antenna solutions with small footprints are 

25 advantageous. Printed antennas are typically not small in size, since their 

dimensions are approximately a quarter of an operating wavelength of the 

antenna. Chip antennas may achieve some degree of miniaturization (for 

instance, by loading the antenna with a material with high dielectric constant), 

however, in many cases, they exhibit poor matching levels, and limited 

30 bandwidth, efficiency and/or gain. 
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One additional problem that further complicates the integration of the wireless 

connectivity antenna in a handset or handheld device is the low isolation that is 

usually obtained between this antenna and the antenna used for mobile 

communications. 

lnterband isolation can be improved by separating the two antennas further 

apart, although this might not be practical in typical handsets due to their small 

size and due to the limited positions that are available to integrate the wireless 

connectivity antenna. This is the case especially for more recent handset 

1 O topologies, like for example flip-type (also known as clamshell) phones and 

slider-type phones (as the one schematically illustrated in Figure 1 Figs. 1 (A­

fil). As an alternative, a filter can be used to achieve the required level of 

isolation between antennas within the operating bands. However, this approach 

implies adding extra components on the PCB, thus using up more space on the 

15 PCB of the device, and resulting in an increase in cost of the handset. 

A conventional handset that includes an antenna for mobile communications 

and an antenna for wireless connectivity is depicted in Figure .Elg,_ 2. For this 

example, the handset has been selected to have a slider-type topology as 

20 schematically illustrated in Figure 1 Figs. 1 (A-B}. A slider-type handset 

comprises typically a first PCB (100) placed substantially above and parallel to 

a second PCB (102). The first PCB (100) has the ability to slide above the 

second PCB (102), so that the handset can be in a closed position, as shown in 

Figure 1 a Fig. 1 A or in an open position, as shown in Figure 1 b Fig. 1 B. 

25 Generally, the first PCB (100) and the second PCB (102) are electrically 

connected, for example by means of a flexible conductive film (not illustrated in 

Figure 1 Figs. 1 (A-B)). An antenna 101 is mounted at one end of the first PCB. 

In this case, the antenna is a Planar lnverted-F Antenna (PIFA), with a short­

circuit (101 B) to the ground-plane (in this case, to a conductive metal layer of 

30 the PCB) and with a feeding point (101 A) close to said short-circuit. 
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For the purpose of the example illustrated in Figure Fig. 2, the handset 

comprises a first antenna (201 ), placed on the top part of the first PCB (200), 

that operates at the frequency bands for mobile communications, and a second 

antenna (202) placed on the bottom right corner of the PCB (200) that operates 

5 at the frequency bands of the wireless connectivity services. The first antenna 

has a feeding point (201 A) and a short-circuit (201 B) to ground (namely, to a 

conductive metal layer of the PCB 200, constituting a ground-plane for the 

antenna). For illustrative purposes, in the example illustrated in f.i§-Hfe Fig. 2, the 

second antenna (202) is a surface mount technology (SMT) component 

1 O mounted on the PCB (200), although it could have been replaced by, for 

example, an antenna printed on the PCB (200). 

Some typical electrical results for the handset of Figure .Eig,____g are shown 

without any limiting purpose in Figure 3 Figs. 3(A-B}. Figure 3a Fig. 3A 

15 presents typical results of the input parameters of the antennas (i.e., return 

losses of each antenna, and isolation between antennas) when the slider-type 

phone is in the closed position, while Figure 3b Fig. 3B presents the typical 

results of the antennas when the phone is in the open position. In this example, 

the first antenna (201) was designed to have a multiband behavior, with a first 

20 resonance around 900MHz to provide coverage for the GSM900 service, and a 

second resonance around 1900MHz to provide service to the GSM1800 and 

GSM1900 services. On the other hand, the second antenna was designed to 

be tuned in the 2500MHz band. These frequency ranges have been selected 

just to illustrate the example, but the antennas could work in any frequency 

25 band included in the range from approximately 400MHz to approximately 

12GHz, including any subinterval. The isolation between the first antenna (201) 

and the second antenna (202) is 20dB in the 900MHz band, 18dB in the 

1900MHz band. The isolation degrades to 17dB at the center of the resonance 

of the second antenna around 2600MHz. 

30 
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Space Filling Curves 

In some embodiments of the invention, at least one antenna of the antennas 

included in the handset or handheld device may be miniaturized by shaping at 

5 least a portion of the conducting trace, conducting wire or contour of a 

conducting sheet of the antenna (e.g., a part of the arms of a dipole, the 

perimeter of the patch of a patch antenna, the slot in a slot antenna, the loop 

perimeter in a loop antenna, or other portions of the antenna) as a space-filling 

curve (SFC). 

10 

An SFC is a curve that is large in terms of physical length but small in terms of 

the area in which the curve can be included. More precisely, for the purposes of 

this patent document, an SFC is defined as follows: a curve having at least five 

segments, or identifiable sections, that are connected in such a way that each 

15 segment forms an angle with any adjacent segments, such that no pair of 

adjacent segments defines a larger straight segment. In addition, an SFC does 

not intersect with itself at any point except possibly the initial and final point 

(that is, the whole curve can be arranged as a closed curve or loop, but none of 

the lesser parts of the curve form a closed curve or loop). 

20 

A space-filling curve can be fitted over a flat or curved surface, and due to the 

angles between segments, the physical length of the curve is larger than that of 

any straight line that can be fitted in the same area (surface) as the space-filling 

curve. Additionally, to shape the structure of a miniature antenna, the segments 

25 of the SFCs should be shorter than at least one fifth of the free-space operating 

wavelength, and possibly shorter than one tenth of the free-space operating 

wavelength. The space-filling curve should include at least five segments in 

order to provide some antenna size reduction, however a larger number of 

segments may be used. In general, the larger the number of segments and the 

30 narrower the angles between them, the smaller the size of the final antenna. 
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Box-Counting Curves 

In other embodiments of the invention, at least one antenna of the antennas 

5 included in the handset or handheld device may be miniaturized by shaping at 

least a portion of the conducting trace, conducting wire or contour of a 

conducting sheet of the antenna to have a selected box-counting dimension. 

For a given geometry lying on a surface, the box-counting dimension is 

1 0 computed as follows. First, a grid with substantially square identical cells or 

boxes of size L 1 is placed over the geometry, such that the grid completely 

covers the geometry, that is, no part of the curve is out of the grid. The number 

of boxes N1 that include at least a point of the geometry are then counted. 

Second, a grid with boxes of size L2 (L2 being smaller than L 1) is also placed 

15 over the geometry, such that the grid completely covers the geometry, and the 

number of boxes N2 that include at least a point of the geometry are counted. 

The box-counting dimension D is then computed as: 

20 

D = _ Iog(N2) - Iog(Nl) 

Iog(L2) - log(Ll) 

For the purposes of the antennas included in the handset or handheld device 

described herein, the box-counting dimension may be computed by placing the 

first and second grids inside a minimum rectangular area enclosing the 

conducting trace, conducting wire or contour of a conducting sheet of the 

25 antenna and applying the above algorithm. The first grid should be chosen 

such that the rectangular area is meshed in an array of at least 5 x 5 boxes or 

cells, and the second grid should be chosen such that L2 = 1 /2 L and such that 

the second grid includes at least 1 0 x 1 0 boxes. The minimum rectangular area 

is an area in which there is not an entire row or column on the perimeter of the 

30 grid that does not contain any piece of the curve. 
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The desired box-counting dimension for the curve may be selected to achieve a 

desired amount of miniaturization. The box-counting dimension should be 

larger than 1 .1 in order to achieve a substantial antenna size reduction. If a 

5 larger degree of miniaturization is desired, then a larger box-counting 

dimension may be selected, such as a box-counting dimension ranging from 

1.5 to 3. For the purposes of this patent document, curves in which at least a 

portion of the geometry of the curve has a box-counting dimension larger than 

1.1 are referred to as box-counting curves. 

10 

For very small antennas, for example antennas that fit within a rectangle the 

longest side of which does not exceed one-twentieth the longest free-space 

operating wavelength of the antenna, the box-counting dimension may be 

computed using a finer grid. In such a case, the first grid may include a mesh of 

15 1 O x 1 O equal cells, and the second grid may include a mesh of 20 x 20 equal 

cells. The box-counting dimension (D) may then be calculated using the above 

equation. 

In general, for a given resonant frequency of the antenna, the larger the box-

20 counting dimension, the higher the degree of miniaturization that will be 

achieved by the antenna. One way to enhance the miniaturization capabilities 

of the antenna is to arrange the several segments of the curve of the antenna 

pattern in such a way that the curve intersects at least one point of at least 14 

boxes of the first grid with 5 x 5 boxes or cells enclosing the curve. If a higher 

25 degree of miniaturization is desired, then the curve may be arranged to cross at 

least one of the boxes twice within the 5 x 5 grid, that is, the curve may include 

two non-adjacent portions inside at least one of the cells or boxes of the grid. 

Figure 17 Figs. 17(A-B} illustrates an example of how the box-counting 

30 dimension of a curve (1700) is calculated. The example curve (1700) is placed 

under a 5 x 5 grid (1701) and under a 1 O x 1 O grid (1702). As illustrated, the 
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curve (1700) touches N 1 =25 boxes in the 5 x 5 grid (1701) and touches N2= 78 

boxes in the 1 O x 1 O grid (1702). In this case, the size of the boxes in the 5 x 5 

grid (1701) is twice the size of the boxes in the 1 Ox 1 O grid (1702). By applying 

the above equation, the box-counting dimension of the example curve (1700) 

5 may be calculated as D= 1.6415. In addition, further miniaturization is achieved 

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-adjacent segments of the curve. More specifically, 

the curve (1700) in the illustrated example crosses twice in 13 boxes out of the 

10 25 boxes. 

Grid Dimension Curves 

In some embodiments of the invention, at least one antenna of the antennas 

15 included in the handset or handheld device may be miniaturized by shaping at 

least a portion of the conducting trace, conducting wire or contour of a 

conducting sheet of the antenna to include a grid dimension curve. 

For a given geometry lying on a planar or curved surface, the grid dimension of 

20 curve may be calculated as follows. First, a grid with substantially identical cells 

of size L 1 is placed over the geometry of the curve, such that the grid 

completely covers the geometry, and the number of cells N1 that include at 

least a point of the geometry are counted. Second, a grid with cells of size L2 

(L2 being smaller than L 1) is also placed over the geometry, such that the grid 

25 completely covers the geometry, and the number of cells N2 that include at 

least a point of the geometry are counted again. The grid dimension D 

(sometimes also referred to as D9) is then computed as: 

30 

6029066v.l 47005-P040WUSC2 

D = _ Iog(N2) - Iog(Nl) 

Iog(L2) - log(Ll) 

EX1002 - Page 331



10 

For the purposes of the antennas included in the handset or handheld device 

described herein, the grid dimension may be calculated by placing the first and 

second grids inside the minimum rectangular area enclosing the curve of the 

antenna and applying the above algorithm. The minimum rectangular area is an 

5 area in which there is not an entire row or column on the perimeter of the grid 

that does not contain any piece of the curve. 

The first grid may, for example, be chosen such that the rectangular area is 

meshed in an array of at least 25 substantially equal cells. The second grid 

1 O may, for example, be chosen such that each cell of the first grid is divided in 4 

equal cells, such that the size of the new cells is L2 = ½ L 1, and the second 

grid includes at least 100 cells. 

The desired grid dimension for the curve may be selected to achieve a desired 

15 amount of miniaturization. The grid dimension should be larger than 1 in order 

to achieve some antenna size reduction. If a larger degree of miniaturization is 

desired, then a larger grid dimension may be selected, such as a grid 

dimension ranging from 1.5 - 3 (e.g., in case of volumetric structures). In some 

examples, a curve having a grid dimension of about 2 may be desired. For the 

20 purposes of this patent document, a curve having a grid dimension larger than 

1 is referred to as a grid dimension curve. 

In general, for a given resonant frequency of the antenna, the larger the grid 

dimension, the higher the degree of miniaturization that will be achieved by the 

25 antenna. One example way of enhancing the miniaturization capabilities of the 

antenna is to arrange the several segments of the curve of the antenna pattern 

in such a way that the curve intersects at least one point of at least 50% of the 

cells of the first grid with at least 25 cells enclosing the curve. In another 

example, a high degree of miniaturization may be achieved by arranging the 

30 antenna such that the curve crosses at least one of the cells twice within the 
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25-cell grid, that is, the curve includes two non-adjacent portions inside at least 

one of the cells or cells of the grid. 

Figure Fig. 18 shows an example of a two-dimensional antenna forming a grid 

dimension curve 1800 with a grid dimension of approximately two. Fig. 19 

5 shows the antenna of Figure Fig. 18 enclosed in a first grid 1900 having thirty­

two (32) square cells, each with a length L 1. Figure Fig. 20 shows the same 

antenna enclosed in a second grid 2000 having one hundred twenty-eight (128) 

square cells, each with a length L2. The length (L 1) of each square cell in the 

first grid is twice the length (L2) of each square cell in the second grid (L 1 = 2 x 

1 0 L2). An examination of Figure Fig. 19 and Figure Fig. 20 reveals that at least a 

portion of the antenna is enclosed within every square cell in both the first and 

second grids. Therefore, the value of N1 in the above grid dimension (D, 

sometimes also referred to as D9) equation is thirty-two (32) (i.e., the total 

number of cells in the first grid), and the value of N2 is one hundred twenty-

15 eight (128) (i.e., the total number of cells in the second grid). Using the above 

equation, the grid dimension of the antenna may be calculated as follows: 

log(128) - log(32) = 
2 

log(2 x L 1) - log(L 1) 

20 For a more accurate calculation of the grid dimension, the number of square 

cells may be increased up to a maximum amount. The maximum number of 

cells in a grid is dependent 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 more than the maximum number of cells is selected, 

25 however, then the accuracy of the grid dimension calculation begins to 

decrease. Typically, the maximum number of cells in a grid is one thousand 

(1000). 

For example, Fig. 21 shows the same antenna as that of Fig. 18 enclosed in a 

30 third grid 2100 with five hundred twelve (512) square cells, each having a 

length L3. The length (L3) of the cells in the third grid is one half the length (L2) 
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of the cells 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 of N for the second grid is one hundred twenty-eight (128). An 

examination of Fig. 21, however, reveals that the antenna is enclosed within 

5 only five hundred nine (509) of the five hundred twelve (512) cells of the third 

grid. Therefore, the value of N for the third grid is five hundred nine (509). Using 

~ Fig. 20 and Fig. 21, a more accurate value for the grid dimension (D9) of 

the antenna may be calculated as follows: 

10 
log(509) - log(128) ""1.

9915 
log(2 x L2) - log(L2) 

Multilevel Structures 

15 In some examples, at least a portion of the conducting trace, conducting wire or 

conducting sheet of at least one antenna of the antennas included in the 

handset or handheld device may be coupled, either through direct contact or 

electromagnetic coupling, to a conducting surface, such as a conducting 

polygonal or multilevel surface. A multilevel structure is formed by gathering 

20 several geometrical elements, such as polygons or polyhedrons of the same 

type (e.g., triangles, parallelepipeds, pentagons, hexagons, circles or ellipses -

in this context, circles and ellipses are considered to be polygons with a large 

number of sides-, as well as tetrahedral, hexahedra, prisms, dodecahedra, etc.) 

and coupling electromagnetically at least some of such geometrical elements to 

25 one or more other elements, whether by proximity or by direct contact between 

elements. The majority of the elements forming part of a multilevel structure 

have more than 50% of their perimeter (for polygon and surface like elements) 

not in contact with any of the other elements of the structure. Thus, the 

elements of a multilevel structure may typically be identified and distinguished, 

30 presenting at least two levels of detail: that of the overall structure and that of 

the polygon or polyhedron elements that form it. 
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Additionally, several multilevel structures may be grouped and coupled 

electromagnetically to each other to form higher-level structures. In a single 

multilevel structure, all of the component elements are polygons with the same 

5 number of sides or are polyhedrons with the same number of faces. However, 

this characteristic is not present when several multilevel structures of different 

natures are grouped and electromagnetically coupled to form meta-structures 

of a higher level. 

1 O A multilevel antenna includes at least two levels of detail in the body of the 

antenna: that of the overall structure and that of the majority of the elements 

(polygons or polyhedrons) which make it up. This may be achieved by ensuring 

that the area of contact or intersection (if it exists) between the majority of the 

elements forming the antenna is only a fraction of the perimeter or surrounding 

15 area of said polygons or polyhedrons. 

One property of multilevel antennae is that the radioelectric behavior of the 

antenna can be similar in more than one frequency band. Antenna input 

parameters (e.g., impedance and radiation pattern) remain similar for several 

20 frequency bands (i.e., the antenna has the same level of adaptation or standing 

wave relationship in each different band), and often the antenna presents 

almost identical radiation diagrams at different frequencies. The number of 

frequency bands is proportional to the number of scales or sizes of the 

polygonal elements or similar sets in which they are grouped contained in the 

25 geometry of the main radiating element. 

In addition to their multiband behavior, multilevel structure antennae may have 

a smaller than usual size as compared to other antennae of a simpler structure 

(such as those consisting of a single polygon or polyhedron). Additionally, the 

30 edge-rich and discontinuity-rich structure of a multilevel antenna may enhance 
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the radiation process, relatively increasing the radiation resistance of the 

antenna and reducing the quality factor Q (i.e., increasing its bandwidth). 

A multilevel antenna structure may be used in many antenna configurations, 

5 such as dipoles, monopoles, patch or microstrip antennae, coplanar antennae, 

reflector antennae, wound antennae, antenna arrays, or other antenna 

configurations. In addition, multilevel antenna structures may be formed using 

many manufacturing techniques, such as printing on a dielectric substrate by 

photolithography (printed circuit technique); dieing on metal plate, repulsion on 

1 0 dielectric, or others. 

Summary of the invention 

The invention relates to a device and method as defined in the independent 

15 claims. Some embodiments of the invention are defined in respective 

dependent claims. 

The present invention relates inter alia to a handset or handheld device (such 

as for instance a mobile phone, a smartphone, a PDA, a MP3 player, a 

20 headset, a USB dongle, a laptop, a PCMCIA or Cardbus 32 card), which 

comprises a first antenna for mobile communications (hereinafter also referred 

to as the mobile antenna), and a second antenna for at least a mobile 

communication service or a wireless connectivity service (hereinafter also 

referred to as the wireless connectivity antenna), wherein the said second 

25 antenna is a slot antenna. The slot antenna can require a very small area on 

the PCB. 

Slot antennas have conventionally not been considered appropriate for wireless 

handheld devices. Normally, conventional monopole antennas, patch 

30 antennas, inverted-F antennas (IFAs) and planar inverted-F antennas (PIFAs) 
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have been considered more appropriate, maybe due to issues such as 

radiation efficiency and/or tradition. 

However, it has been found that the use of a slot antenna as the wireless 

5 connectivity antenna for a handset or handheld device according to the present 

invention can be advantageous because: 

10 

15 

• it has a low profile and uses very little space of the PCB; 

• it is less sensitive to the size, shape or form factor of the PCB on which it 

is printed, etched, or mounted as an SMT component (see below). This 

can be particularly interesting for flip-type and slider-type 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; 

and/or 

• it can be polarized along a direction that is substantially orthogonal to 

the polarization of the mobile antenna. 

Actually, using a second antenna in the form of a slot antenna can be preferred 

inter alia in order to increase the isolation between the antennas. One reason 

for this is that in order to increase isolation, it can be advantageous to establish 

20 the at least two antennas so that the polarization of the radiation of one of the 

antennas is substantially orthogonal to the polarization of the radiation of 

another of said antennas. 

At a fist look, it could seem that this could also be easily accomplished by 

25 using, for example, two monopole antennas, directed in appropriate directions 

so as to establish an orthogonal relationship between the polarization of their 

radiations. However, a problem involved with hand-held devices is that the 

radiation of an antenna is substantially conditioned by the ground-plane, that is, 

normally, by at least one conductive layer of the PCB. In practice, normally both 

30 antennas are placed on the same ground-plane, therefore obtaining 

substantially orthogonally polarized radiation using two antennas of the same 
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type can be a difficult task, due to the influence of the common groundplane. 

Contrarily, when one of the antennas is a slot antenna, the radiation from said 

antenna will depend substantially less on the ground-plane, thus facilitating 

obtaining the above-mentioned orthogonally polarized radiation. 

In the present document, the expression "mobile antenna" and similar are used 

to refer to an antenna arranged to operate in a band corresponding to a mobile 

communication service, such as one of the mobile communication services 

mentioned above (GSM -GSM850, GSM900, GSM1800, American GSM or 

10 PCS1900, GSM450-, UMTS, WCDMA, and CDMA). In some embodiments of 

the invention, the expression "mobile antenna" refers to an antenna arranged 

for or capable of fully functioning or operating in one, two, three or more 

communication standards, and in particular mobile or cellular communication 

standards, each standard allocated in one or more frequency bands. In some 

15 embodiments of the invention, each of said frequency bands is fully contained 

20 

within one of the following regions of the electromagnetic spectrum: 

the 810MHz - 960MHz region, 

the 1710MHz - 1990MHz region, 

and the 1900MHz - 2170MHz region. 

The expression "wireless connectivity antenna" as used in this document is 

defined further above. In some embodiments of the invention, the expression 

"wireless connectivity antenna" refers to an antenna arranged for or capable of 

fully functioning or operating in one, two, three or more communication 

25 standards, and in particular wireless connectivity standards, each standard 

allocated in one or more frequency bands. In some embodiments of the 

invention, each of said frequency bands is contained within one of the following 

regions of the electromagnetic spectrum, indicated as examples and without 

limitation: 

30 

6029066v.l 47005-P040WUSC2 

EX1002 - Page 338



17 

• Industrial, Scientific, Medical (ISM) unlicensed bands, like for example 

the 915MHz ISM band (902-928 MHz), 2.4GHz ISM band (2400-2500 MHz), 

or 5.7GHz ISM band (5650-5925 MHz). 

• Unlicensed general telemetry bands, like for example the 433.05-

5 434.79MHz band, or the 868-870MHz band. 

According to the present invention, good isolation between antennas can be 

obtained by appropriately choosing the orientation on the PCB, and by 

selecting the antenna type (i.e., whether a given antenna substantially 

1 0 behaves as an electric current source, or as a magnetic current source) for 

each one of the antennas comprised in the handset or handheld device. In 

the present invention, slot antennas can be considered to substantially 

behave as magnetic current sources; when fed across the slot, an electric 

field is established over the slot (and electric currents are flowing along the 

15 edges of the slot), and an equivalent magnetic field is established 

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

In some cases, wherein the first antenna substantially behaves as an electric 

current source (such as for instance, but not limited to, a monopole antenna) 

20 and the second antenna substantially behaves as a magnetic current source 

(for instance, but not limited to, a slot antenna), good isolation between said 

first antenna and said second antenna can be obtained when the electric 

currents excited on at least a portion of the PCB (in this context, when 

referring to the PCB, reference is actually made to a conductive layer of the 

25 PCB, normally constituting a ground-plane of the handheld device) by the 

radiating mode of said first antenna are substantially parallel to the equivalent 

magnetic currents excited on at least a portion of the extension of said 

second antenna. 

30 In other cases, wherein the first and second antenna both behave as 

magnetic current sources, good isolation between said first antenna and 
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second antenna is achieved when the magnetic currents excited on at least a 

portion of the extension of the first antenna are substantially orthogonal to the 

magnetic currents excited on at least a portion of the extension of the second 

antenna. 

In order to improve isolation, the antennas can be placed separated as much 

as possible within the handset. In order to improve isolation, the antennas 

can be oriented with respect to each other so as to minimize coupling 

between the antennas. For example, the slot antenna can be placed on the 

1 0 PCB so that it is arranged substantially parallel to the currents induced in the 

PCB (in the ground-plane or conductive layer of the PCB) by the first 

antenna. This can imply, for example, arranging the slot (or slots) of the 

second antenna to be substantially or generally parallel to one of the sides of 

the ground-plane, for example, the longer sides of a substantially rectangular 

15 ground-plane. 

In this document, an antenna or the slot of a slot antenna is considered to 

extend (to be oriented) in the direction corresponding to the general 

longitudinal axis of symmetry of the smallest rectangle in which the radiating 

20 element of the antenna can be inscribed. Also, in this document, two 

directions are considered to be substantially parallel if they form an angle of 

less than or equal to approximately 30 degrees. Two directions are 

considered to be substantially orthogonal if they form an angle of not less 

than approximately 60 degrees and not more than approximately 120 

25 degrees. 

It can be advantageous to have the slot arranged so that at least two, three, 

four or more portions of the slot are parallel to each other. This may apply to 

straight and to non-straight segments. With this parallel arrangement, very 

30 compact antennas can be achieved, occupying less space. 
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The slot antenna can be implemented as a slot printed on or etched in the 

ground plane of the PCB, while in other cases the slot will be contained in a 

surface mount technology (SMT) type component mounted on the PCB of the 

handset or handheld device. When the slot is contained in a SMT type 

5 component, said component will comprise a conducting surface on which the 

slot is created. The SMT type component will provide at least one contact 

terminal accessible from the exterior of said SMT component to electrically 

connect said conducting surface with the ground plane of the PCB. In some 

embodiments, this contact terminal can take the form of a pad, or a pin, or a 

1 0 solder ball. It will be advantageous in some cases to define, on the PCB, a 

region of clearance of ground plane on the orthogonal projection of the 

component on the PCB on which it is mounted. In other cases, there will be 

ground plane on a portion of the orthogonal projection of the SMT component 

on the PCB, but not under the orthogonal projection of the slot on said PCB. 

15 

Yet in other embodiments, there will be ground plane also in a portion of the 

orthogonal projection of said slot on the PCB. In some examples, the fraction of 

the projection of the slot occupied by ground plane will be less than, or 

approximately equal to, 50%, 40%, 30%, 25%, 20%, 10% or 5% of the 

20 projection of the slot on the PCB. 

A slot antenna integrated in an SMT component can be useful for minimizing 

the ground plane clearance region needed on the PCB. Embedding a slot 

antenna in a discrete SMT component can be difficult due to the necessity to 

25 ensure good grounding of the conducting sheet in which the slot has been 

created, and to the complexity to couple the feeding signal into the SMT 

component. 

Some SMT component comprising slot antennas that can be used for the 

30 present invention are disclosed in PCT/EP06/062285, the content of which is 

incorporated herein, by reference. 
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20 

Accordingly, SMT-type slot-antenna component useful in the present invention 

can comprise: 

■ at least one conductive surface (different from the conductive surface of 

the ground plane of the PCB) or a sheet of metal in which the pattern of 

a slot is created; and 

■ at least one contact terminal (also referred to as grounding terminal) 

accessible from the exterior of said component to electrically connect 

the conductive surface included in the slot-antenna component with the 

ground plane of the PCB. 

With this component it is possible to provide a slot antenna as a separate 

component which can be connected from the outside. The antenna may further 

15 comprise: 

20 

■ at least one contact terminal (hereinafter referred to as feeding terminal) 

to couple an electrical signal from the outside of the SMT-type slot­

antenna component with the slot defined in said at least one conductive 

surface. 

It will in principle also be possible to couple a feeding signal into the component 

indirectly by a capacitive or inductive coupling. For a good feeding, however, a 

direct electrical connection can be preferred. This can be achieved by the 

25 feeding terminal. In any case, the component does not need to have any 

internal means for generating an RF signal with which the antenna may be fed. 

Further, it can be preferred that the component further comprises a 
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■ dielectric substrate that backs said at least one conductive surface or 

sheet of metal, or in which said at least one conducting surface or sheet 

of metal is embedded. 

5 The dielectric substrate allows for the backing of thin metal layers and is a 

widely used technique for the preparation of components for the electronics 

industry. 

The terms sheet of metal and conductive surface are used as synonyms in the 

1 0 present document and relate to a conductive layer that can be supported by a 

circuit board or a piece of metal (for example, a rigid piece) such as e.g. a 

stamped metal piece. 

Additional pads may be provided which are not electrically connected inside the 

15 component or to the ground plane or a feeding element of the circuit board. 

Those pads may be useful fore mechanically holding the antenna component 

by the solder connection at that pad between the component and the circuit 

board. 

20 In some embodiments according to the present invention, the SMT component 

can also include one or several electronic elements or circuits, or the SMT 

component can take the form of an IC package. When the slot-antenna 

component takes the form of an IC package, then the slot contained in said IC 

package can preferably be excited with an RF feeding signal coupled from 

25 outside of said IC package, and not directly from a semiconductor die 

comprised inside said IC package. 

In certain of these embodiments, the electronic elements or circuits included in 

the SMT component or IC package will preferably be placed within the SMT 

30 component or IC package in such a way that they do not interfere with the 

projection of the slot contained in the SMT component. 
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In some other embodiments, a slot-antenna component may comprise more 

than one, two or three conductive surfaces in which a slot or a portion of a slot 

is created. By this technique it will be possible to "fold" the slot in the vertical 

5 direction, away from the PCB. Therefore, the footprint area on the PCB 

required for such an antenna can be significantly reduced in comparison to 

antennas where the slot is "folded" in a plane parallel to the PCB surface plane. 

Most conveniently, two conducting surfaces can be provided on the two 

opposite large sides of a circuit substrate. If a multilayer circuit substrate is 

1 0 used, further surfaces can be provided in order to form the slot antenna in the 

component. 

The different surfaces may be connected or may remain unconnected. The 

connection may be done by a via hole or by a connection around the edge of a 

15 circuit substrate. 

In order to protect a conducting layer, it will be advantageous to cover that layer 

with a protective layer, to prevent corrosion. Further, such a protective layer 

can be used to define terminals on the conducting layer which are then 

20 available for, e.g., a solder connection. 

The antenna characteristics can further be chosen by using open-ended or 

closed-ended slot geometries. Any end of the antenna may be open or closed. 

25 In some embodiments it is advantageous to place grounding terminals to 

connect the conductive surface with the ground-plane of the PCB close to at 

least two opposite edges of the slot-antenna component, preferably those two 

opposite edges that are the farthest apart from each other, so that the electric 

currents induced by the operation of the slot antenna on the conductive surface 

30 can flow through grounding terminals into the ground-plane of the PCB as if the 
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conductive surface and the ground-plane of the PCB were one single 

conductive surface. 

In certain cases it might be interesting to place a grounding terminal 

5 substantially close to at least two corners of said at least two opposite edges of 

the component, preferably the four corners of said two opposite edges of said 

component. 

Further it can be preferred to extend one or more ground terminals along a 

1 O major part of the length of an edge of the component or of the conductive 

surface. For example, the ground terminal may extend along at least 40%, 

50%, 60%, 70%, 80%, 90% or 95% of the length of an edge. Thereby a good 

connection of the conductive surface to the ground plane of the PCB can be 

achieved. This is in particular the case where two grounding terminals extend 

15 along opposite edges such as the short and/or the long edges. One ground 

terminal may also be bent such that it is L- ,U- or O-shaped and is preferably 

provided along one, two, three or four neighboring edges. 

Furthermore, in some embodiments it can be advantageous to place grounding 

20 terminals at two sides of a feeding terminal and substantially close to said 

feeding terminal. This arrangement can be used to effectively excite the slot. 

Further in some cases it can be advantageous to provide the feeding terminals 

on two sides of the slot. Then it is possible to combine the slot with another slot 

25 by connecting the respective two edges of the two slots, thereby forming a 

larger slot. 

In some embodiments the feeding means of the slot-antenna component 

comprise a feeding contact and a conductive strip. Said conductive strip can be 

30 advantageously printed or etched on the same conductive surface as the slot, 

thus making the feeding means coplanar with the slot. The conductive strip 
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connects the feeding terminal with the edge of slot that is farther away from the 

contact terminal. 

A clearance region can be provided at least on one, two, or three sides of the 

5 feeding terminal. This is in particular useful if the terminal is only used for 

feeding purposes. If the feeding terminal is also used for grounding purposes 

such clearance might not be present. 

Also for the conductive strip a clearance may be provided. This clearance may 

1 0 not be necessary if the conductive strip is provided on a different level than the 

conductive surface with the slot. If the conductive strip is provided on a different 

level it may be connected to the conductive surface of the slot by a via hole or 

capacitive or inductive coupling. In the same way, the coupling between the 

feeding terminal and the conductive strip may be made by capacitive, inductive 

15 or direct electrical contact coupling. 

In order to form pads on the PCB for receiving the terminals of the antenna 

component without however unnecessarily reducing the ground plane 

clearance, it is advantageous to provided protrusions of the ground plane which 

20 extend into clearance. 

Further, the size of the area of the clearance may be smaller than the size of 

the antenna component. 

25 In certain embodiments, the slot-antenna component is electrically coupled, by 

means of feeding terminals, with a slot created on the ground-plane of the PCB 

of the wireless device. In other words, a slot antenna is formed by combining 

the slot pattern printed or etched in the ground plane of the PCB, with the slot 

pattern included in the SMT component. Having a portion of the slot antenna 

30 printed or etched in the ground plane of the PCB can be advantageous, 

particularly because this: 
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• allows the fine tuning of the antenna to account for changes in the 

dimensions and/or form factor of the ground plane of the PCB to 

which the slot-antenna component is connected, or the effects of 

dielectric (e.g., plastic) casings or enclosures, by simply acting on the 

portion of the slot antenna printed on the ground plane of the PCB. 

• provides the PCB designer with more flexibility when laying out the 

different electronic components on the PCB, as the shape of the 

portion of slot antenna created in the ground plane can be selected, 

for example, to meet space constraints, or to minimize the distance 

of the antenna to the RF circuit. 

Since this is achieved by acting only on the portion of the slot printed or etched 

15 on the ground plane of a PCB, while leaving the geometry of the slot contained 

in a conductive surface of an SMT component unchanged, such embodiments 

are effective in providing a standard component that can be used in a great 

variety of application environments. 

20 In order to arrange the antenna such that as much space as possible is left 

over for other components, it can be advantageous to orient an edge, 

especially a long edge, of the SMT-type slot antenna component substantially 

parallel to the short or long edge of the circuit board. 

25 The antenna component should not be to far away from the edge of the PCB. 

This facilitates providing a clearance and assures good radiation 

characteristics. 

In some embodiments, the antenna component is preferably located on or 

30 close to the middle of an edge and in particular on or close to the middle of a 

long edge of the circuit board or the ground plane. A symmetric location with 
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respect to the ground plane can provide a more predictable polarization 

characteristic since currents induced in the ground plane are not redirected in 

an asymmetric way by the shape of the ground plane. This may apply even if 

the antenna itself is not symmetric but the location of the antenna on the 

5 ground plane is symmetric or almost symmetric. 

10 

The slot of the component may be excited by balanced or unbalanced feeding. 

This can be done with the help of a coplanar or coaxial transmission line or a 

microstrip transmission line. 

By combining the slot of a ground plane and the slot of a slot-antenna 

component it is possible to obtain combined slots which are open at none, one, 

or two ends. 

15 If such a combined slot is provided, this combined slot may be excited by 

exciting the slot portion of the antenna component or the slot portion of the 

ground plane. The latter may be preferred since with this technique it is 

possible to connect an RF-generator directly with the ground plane of the circuit 

board on which the RF-generator itself is arranged. 

20 

Another aspect of the invention relates to a technique to further improve the 

isolation between a mobile antenna and a wireless connectivity antenna in a 

handset or handheld device, for example, by acting on the geometry of the 

mobile antenna to eliminate any resonance modes that might fall within any of 

25 the operating bands of the wireless connectivity antenna, in line with what is 

claimed and described below. In the present text, "operating band" especially 

implies a band in which the antenna features similar values for a number of 

parameters representative of the antenna performance. 

30 
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List of figures 

Further characteristics and advantages of the invention will become apparent in 

view of the detailed description which follows of some preferred embodiments 

5 of the invention given for purposes of illustration only and in no way meant as a 

definition of the limits of the invention, made with reference to the 

accompanying drawings, in which: 

Fig.--4 Figs. HA-B) - Example of a prior art slider-type handset carrying an 

1 0 antenna for mobile communications (101) and comprising a top PCB (100) (the 

dimensions of which could be, for example, 78mm x 40mm) and a bottom PCB 

(102) (for example, with the dimensions 70mm x 35mm): {a} (Fig. 1A) General 

view of the PCBs of the handset in the closed position; and {b} (Fig. 1 B) 

general view of the PCBs of the handset in the open position. 

15 

20 

Fig. 2 - Top view of an example of a prior art handset comprising a first 

antenna for mobile communications placed on the top portion of the PCB of the 

handset and a second antenna for wireless connectivity services placed on the 

bottom right corner of the PCB. 

Fig. 3 Figs. 3(A-B) - Typical electrical performance of the antennas of the 

handset shown in {a} Fig. 3A: Return loss of each antenna and isolation 

between antennas when the handset is in closed position; and {b} (Fig. 38) 

return loss of each antenna and isolation between antennas when the handset 

25 is in open position. 

Fig..--4 Figs. 4(A-B) - Top view of a handset according to an embodiment of the 

present invention, including a first antenna for mobile communications placed 

on the top portion of the PCB of the handset and a second antenna for wireless 

30 connectivity services placed on the bottom right corner of the PCB, wherein the 

second antenna is a slot antenna: {a} (Fig. 4A) General view of the PCB of the 
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handset carrying the two antennas; and {I» (Fig. 48) detailed view of the region 

that contains the slot antenna. 

Fig. 5 Figs. (A-8) - Typical electrical performance of the antennas of the 

5 handset shown in -F-i§--,-4 Figs. (A-B}: {a} (Fig. SA) Return loss of each antenna 

and isolation between antennas when the handset is in closed position; and {b} 

(Fig. 58) return loss of each antenna and isolation between antennas when the 

handset is in open position. 

Fig. 6 - Typical radiation and antenna efficiency of the slot antenna for wireless 

1 0 connectivity integrated in the handset of Fig. 4. 

15 

Fig. 7 (A-1) - Top view of some implementations of the handset comprising a 

mobile antenna 701 and a slot antenna (black line) 702 on the PCB (700) for 

wireless connectivity services. 

Fig. 8 Figs. S(A-8) - Typical electrical performance of the antennas of the 

handset shown in Figure 7b Fig. 7B: {a} (Fig. SA) Return loss of each antenna 

and isolation between antennas when the handset is in closed position; and {b} 

(Fig. 88) return loss of each antenna and isolation between antennas when the 

20 handset is in open position. 

Fig. 9 (a) Figs. 9(A-C) Detailed view of an example of a handset comprising 

a first antenna for mobile communications and a second antenna for wireless 

connectivity services. The geometry of the antenna for mobile communications 

25 can be tailored according to the teachings of the present invention to enhance 

the isolation with the antenna for wireless connectivity services by ~ (Fig. 98) 

modifying the dimensions of an arm of the mobile antenna; or {G} (Fig. 9C) 

folding an arm of the mobile antenna. 
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Fig. 10 - Comparison of typical levels of isolation between the mobile antenna 

and the wireless connectivity antenna that can be obtained before and after 

modifying the mobile antenna as depicted in Fig. 9e-9B. 

Fig. 11 Figs. 11 (A-8) - Detailed view of an antenna for mobile 

communications whose geometry has been modified according to the 

teachings of the present invention to enhance the isolation with the antenna for 

wireless connectivity services by increasing the length of a slot defined in the 

structure of the mobile antenna by means of: {a} (Fig. 11 A) shaping the slot as 

1 0 a meander-like curve; or {b} (Fig. 118) adding a conductive strip inside the 

aperture of the slot. 

Fig. 12 - Comparison of typical levels of isolation between the mobile antenna 

and the wireless connectivity antenna that can be obtained before and after 

15 modifying the mobile antenna as depicted in Fig. 4---+a-11 B. 

Fig. 13 Figs. 13(A-8) - Detailed view of the top portion of the PCB of a 

handset showing different embodiments according to the present invention to 

enhance the isolation between an antenna for mobile communications and an 

20 antenna for wireless connectivity services by: {a} (Fig. 13A) introducing a slot 

on the PCB; or {b} (Fig. 138) placing a conductive stripe above the PCB that is 

shorted on one end to the PCB. 

Fig. 14 - Comparison of typical levels of isolation between the mobile antenna 

25 and the wireless connectivity antenna that can be obtained before and after 

modifying the PCB of the handset as depicted in Fig. -+dB 13B. 

Fig. 15 Figs. 1 S(A-8) - Embodiment of a handset according to the present 

invention including a mobile antenna, a wireless connectivity antenna, and 

30 parasitic element to enhance the isolation between antennas: {a} (Fig. 15A) 

General view of the PCB of the handset; and fbt-(Fig. 158) detailed view of the 
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top portion of the PCB of the handset showing the shape of the parasitic 

element. (For the sake of clarity, in Fig. +§la 15B the parasitic element appears 

to be above the mobile antenna, although in reality it is placed below the mobile 

antenna but above the plane of the PCB of the handset, that is, between the 

5 mobile antenna and the PCB of the handset.) 

Fig. 16 - Comparison of typical levels of isolation between the mobile antenna 

and the wireless connectivity antenna that can be obtained before and after 

introducing a parasitic element, like the one shown in Fig. 15 Figs. 15(A-B}, in 

1 0 the handset. 

Fig. 17 Figs. 17(A-B) - Example of a box counting curve located in a first 

grid (Fig. 17 A) of 5x5 boxes and in a second grid (Fig. 178) of 1 0x1 0 boxes. 

15 Fig. 18 - Example of a grid dimension curve. 

20 

25 

Fig. 19 - Example of a grid dimension curve located in a first grid. 

Fig. 20 - Example of a grid dimension curve located in a second grid. 

Fig. 21 - Example of a grid dimension curve located in a third grid. 

Fig. 22 Figs. 22(A-B) - Example of a slot antenna component. 

Fig. 23 Figs. 23(A-C) - Different examples of possible locations of a slot 

antenna component on the circuit board. 

Description of the preferred embodiments 

30 In some preferred embodiments of the handset or handheld device of the 

present invention, said handset or handheld device comprises a first antenna 
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used for at least one mobile communication service, and a second antenna 

used for at least one wireless connectivity service, wherein the second antenna 

is a slot antenna (cf. for example Figure 4 Figs. 4(A-B}). In the example of 

Figure 4 Figs. 4(A-B}, and without being a limitation of the invention, the slot 

5 (402) has been created in the ground plane of the PCB (400) (namely, in a 

conductive metal layer of the PCB) on its right hand side and near the bottom 

(considering a groundplance arranged in the vertical plane and with the 

mobile antenna 401 at its top end, as illustrated in Figure 4 Figs. 4(A-B}). The 

shape of the slot (402), and the length and widths of each one of the 

1 0 segments that form the said slot (402), can be selected to meet the 

requirements of resonance frequency, electrical performance, and maximum 

PCB area constraint, of a given handset or handheld device. 

In the example of Figure 4 Figs. 4(A-B}. the slot (402) intersects the perimeter 

15 of the ground plane of the PCB (400) at one point (406). In other words, the 

slot (402) is not completely surrounded by conducting materials. In some 

preferred cases, the unfolded length of the slot (402) will be approximately a 

quarter of an operating wavelength of the slot antenna. In some other cases, 

the unfolded length of the slot (402) will be approximately three times, or 

20 approximately five times, or approximately another odd integer number of 

times, the length of one quarter of an operating wavelength of the slot 

antenna. 

In other embodiments, the slot might intersect the perimeter of the ground 

25 plane of the PCB on which is placed at least at one point, such as for 

example at two points. In yet some other embodiments, the slot might not 

intersect the perimeter of the ground plane of the PCB on which is placed. 

That is, the slot is in these cases completely surrounded by conducting 

material (in the layer or layers containing the slot). In some embodiments, it 

30 might be advantageous that the unfolded length of the slot be approximately 

twice, or approximately four times, or approximately another even integer 
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number of times, the length of one quarter of an operating wavelength of the 

slot antenna. 

In order to minimize the coupling between the first antenna (401) and the 

5 second antenna (402) (i.e., to maximize the isolation), the design of the slot 

(402) and its orientation with respect to the PCB (400) is selected such that 

the slot (402) is substantially parallel to the direction of the currents excited 

on the PCB (400) by a resonating mode of the first antenna (401 ), at least on 

a portion of the PCB (400). In some cases, it is advantageous to design the 

1 0 slot (402) such that it is substantially parallel to the longer side of the 

conductive layer or ground-plane of the PCB (400), because the currents 

excited on said PCB (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 

context of this application, two directions are considered to be substantially 

15 parallel if they form an angle of less than, or equal to, approximately 30 

degrees. Also in the context of this application, the direction of a slot is defined 

by the direction of the longest side of the minimum rectangular area in which 

said slot is or can be inscribed. 

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

particular resonance frequency, so that said first antenna behaves substantially 

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

embodiments it will be advantageous to align the said slot of the first antenna 

along a first direction and the slot of the second antenna along a second 

25 direction, said first direction being substantially orthogonal to said second 

direction. In the context of this application, two directions are considered to be 

substantially orthogonal if they form an angle in the range from approximately 

60 degrees to approximately 120 degrees. 

30 The shape of the slot (402) can comprise straight and curved segments, not 

necessarily all segments being of the same length (see examples in Figure 7 
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Figs. 7(A-I)). In the same way, the separation between the conductive edges of 

each segment of the slot (402) does not have to be the same for all segments, 

nor constant for any given segment (i.e., any segment of the slot (402) can be 

tapered). 

In some examples, the slot (402) might have one, two, three, or more bends. 

In general, as the number of bends in the slot (402) increases, the shape of 

the slot (402) becomes more and more convoluted, leading to a higher 

degree of miniaturization of the resulting slot antenna. 

In some cases, the slot antenna can advantageously be excited by applying 

a voltage difference between the opposite conductive edges of the slot (402) 

at a particular point (408) along the geometry of the slot (hereinafter referred 

to as the feeding point). In some embodiments, the feeding point (408) will be 

15 closer to the closed end of the slot (407) than to the open end of the slot 

(406). In certain examples, the distance between the feeding point (408) and 

the closed end of the slot (407) will be less than, or equal to, 0.2%, 0.4%, 

0.8%, 1.2% 1.6%, 2.5%, 3.3%, 4% or 8% of a free-space operating 

wavelength of the slot antenna. 

20 

In some examples, it will be advantageous to have the slot antenna (402) 

inscribed in a rectangular area (403) of width (405) smaller than 1/50 of the 

free-space operating wavelength of the slot antenna (402), and length (404) 

smaller than 1 /4 of the free-space operating wavelength. Being more general, 

25 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 fractions: 1/10, 1/30, 1/50, 1/60, 1/70, or 1/80. In the same way, 

for some embodiments, said length (404) divided by the free-space operating 

wavelength of the slot antenna can be smaller than, or equal to, at least one of 

30 the following fractions: 1/2, 1/3, or 1/4. In some other instances, it will be 

advantageous that the sum of the length (404) and the width (405) of the 
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rectangular area (403) in which the slot is inscribed be smaller than 1 /2 of the 

free-space operating wavelength, or even smaller than 1/4 of the free-space 

operating wavelength. Furthermore, it will be advantageous in some cases that 

the separation between the two edges of the slot (402) be within a range from 

5 approximately 0.08% of the free-space operating wavelength to approximately 

8% of a longest free-space operating wavelength, including any subinterval of 

said range. 

~ Figs. 5(A-B} presents, without any limiting purpose, an example of 

1 O electrical results for the handset of ~ Figs. 4(A-B} according to the present 

invention. Figure 5a Fig. 5A presents typical values of the input parameters of 

the antennas (i.e., return losses of each antenna, and isolation between 

antennas) when the slider-type phone is in the closed position, while Figure 5b 

Fig. 5B presents the typical results of the antennas when the phone is in the 

15 open position. In this example, the first antenna (401) was designed to have a 

multiband behavior, with a first resonance around 900MHz to provide coverage 

for the GSM900 service, and a second resonance around 1900MHz to provide 

service under the GSM1800 and GSM1900 standards. On the other hand the 

second antenna was designed to be tuned in the 2500MHz band. The isolation 

20 between the first antenna (401) and the second antenna (402) exceeds 30dB in 

the 900MHz band, is better than 23dB in the 1900MHz band, and better than 

21 dB in the 2500MHz band. The level of isolation attained between the 

antennas of the example shown in Figure 4 Figs. 4(A-B} is better than the 

results obtained for the example of a conventional prior-art arrangement in 

25 Figure .Eig,_ 2. A typical radiation performance of the slot antenna (402) is shown 

without any limiting purpose in Figure~- The slot antenna (402) has a level 

of radiation efficiency in excess of 60% in its band of operation both in the open 

and closed positions of the handset. 

30 Figure 7 presents Figs. 7(A-I} present, without any limiting purpose, some 

embodiments for the present invention of a handset or handheld device 
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comprising a slot antenna. Generally, it will be preferable to keep the 

separation between the mobile antenna (701) and the wireless connectivity 

antenna (702) as large as possible in order to maximize the isolation between 

the antennas. For example, isolation between the antennas on the PCB for the 

5 case of Figure 7c Fig. 7C is expected to be better than for the case of Figure 7a 

Fig. 7 A, as the separation between the antennas is larger. However, in certain 

embodiments it may not be possible to place the mobile antenna (701) and the 

wireless connectivity antenna (702) further apart. In these cases it will be 

especially necessary or convenient to use additional techniques to further 

1 0 improve the isolation between the mobile antenna and the wireless connectivity 

antenna by acting either on the geometry of the mobile antenna, or on the PCB 

of the handset or the handheld device, or on both. 

The electrical performance of the antennas in the embodiment of Figure 7b 

15 Fig. 7B is presented without any limiting purpose in Figure 8 Figs. 8(A-B}. As it 

can be observed, the return loss of each antenna is practically the same as the 

one already presented in Figure 5 Figs. 5(A-B}. However, there is a 

degradation in the isolation between the mobile antenna (701) and the wireless 

connectivity antenna (702), predominantly around 2400MHz, linked to the 

20 smaller separation between the antennas. 

Another aspect of the invention relates to techniques to enhance the isolation 

between the mobile antenna and the wireless connectivity antenna. Some of 

these techniques comprise the steps of shaping the geometry of the mobile 

25 antenna to eliminate higher order resonant modes or spurious modes that may 

fall within an operating band of the wireless connectivity antenna (or vice­

versa), giving rise to strong coupling of the mobile antenna with the wireless 

connectivity antenna. 

30 In some embodiments, the mobile antenna can comprise features (such as, for 

instance, a slot, or a strip of metal) with an electrical length close to 
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approximately an integer multiple of a quarter of an operating wavelength of the 

wireless connectivity antenna. For example, in the embodiment of Figure 9a 

Fig. 9A, the mobile antenna (901) comprises a slot (903) that has a length of 

approximately a quarter of the wavelength at 2600MHz, corresponding to an 

5 operating band of the wireless connectivity antenna. For the purposes of this 

example and the following ones, a wireless connectivity antenna (902) (for 

example, embodied in a slot antenna component) has been placed near the top 

left corner of the PCB (900) underneath the mobile antenna (901 ). As 

commented previously, this is not a particularly advantageous position for the 

1 O wireless connectivity antenna (902), as the little distance with respect to the 

mobile antenna (901) can imply poor isolation. As it can be seen in Figure 

Fig. 10, a typical level of isolation between antennas at 2600MHz is 

approximately 8dB. However, this antenna arrangement will help to illustrate 

the improvement in isolation between antennas that can be achieved by 

15 following the teachings disclosed in this patent application. 

In order to increase the isolation between antennas, the length of the slot (903) 

can be shortened to force the associated resonance frequency to move 

towards higher frequencies, away from the wireless connectivity band. In the 

20 embodiment illustrated in Figure 9b Fig. 9B, the conducting arm of the mobile 

antenna (934) has been shortened by some amount with respect to the original 

arm (904), so that the resulting slot (933) is shorter or substantially shorter than 

a quarter of the relevant resonant wavelength of the wireless connectivity 

antenna and therefore resonates at a higher frequency. 

25 

The resonance frequencies of the mobile antenna (931) might shift in frequency 

as a consequence of the shortening of the conducting arm (934). The operating 

bands of the mobile antenna (931) can be readily retuned using for example a 

matching network at the feeding point of the antenna. As an alternative, it can 

30 be preferred to lengthen the arm (934) to retune the operating bands of the 

mobile antenna (931 ), while keeping the length of slot (933) constant. In that 
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sense, the embodiment in Figure 9c Fig. 9C shows a mobile antenna (961) in 

which the conducting arm (964) has been folded as a U shape, while ensuring 

that the length of the slot (963) is shorter than that of the slot (903) in Figure 9a 

Fig. 9A. In this case, the end of the conducting arm (964) does not coincide 

5 with the open end of the slot (963), as it was the case of embodiment in 

Figure 9a Fig. 9A, where the tip of arm (904) defined the open end of the slot 

(903). Figure Fig. 1 0 presents without any limiting purpose a typical antenna 

isolation that can be obtained with a modified mobile antenna like the one in 

Figure 9c Fig. 9C, and compares it with the isolation obtained with the original 

1 0 mobile antenna Figure 9a (Fig. 9A). 

In some cases, in order to achieve a good improvement in isolation between 

antennas, the length of a slot, or a conducting strip, or more generally a 

geometric feature of the mobile antenna which has an associated resonance 

15 within a band of the wireless connectivity antenna, will be modified (i.e., 

shortened or enlarged) about 12%, or about 20%, or even about a 30%, of the 

original length of said slot, or said conducting strip, or said geometrical feature 

of the mobile antenna. 

20 In some other embodiments it can be advantageous to increase a dimension of 

a feature of the mobile antenna with an associated resonance at a frequency 

within an operating band of the wireless connectivity antenna. Figure 11 

Figs. 11 (A-B} discloses two embodiments of a handset comprising a mobile 

antenna and a wireless connectivity antenna that use this technique to improve 

25 the antenna isolation. In the case of Figure 11 a Fig. 11 A, the slot (903) in the 

original mobile antenna (901) has been replaced by a meander-like slot (1103) 

to make it electrically longer and shift the resonance associated to 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 

30 preferably shaped as a space-filling curve, a box-counting curve, a grid-
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dimension curve, or a fractal based curve, to achieve maximum size 

compression. 

The embodiment in Figure 11 b Fig. 11 B illustrates another way of increasing 

5 the electrical length of the slot (903) of the original mobile antenna (901 ). In this 

case, the mobile antenna (1151) comprises a metal strip (1154) that is placed 

between the edges of the slot (903) and shorted at one end to the main body of 

the mobile antenna (1151) in the region (1155). In certain cases, the metal strip 

(1154) will be long enough to cover substantially the slot (903), while in other 

1 O cases the metal strip (1154) will be shorter and be placed in just a portion of the 

slot (903). The resulting "Li-shaped" slot will have an associated resonance 

frequency lower than that of the original slot (903). Figure .Eig,_ 12 presents 

without any limiting purpose a typical antenna isolation that can be obtained 

with a modified mobile antenna like the one in Figure 11 b Fig. 11 B, and 

15 compares it with the isolation obtained with the original mobile antenna 

Figure 9a (Fig. 9A). In some embodiments, such a technique improves the 

isolation by 4dB or more. 

Some other techniques to enhance the isolation between the mobile antenna 

20 and the wireless connectivity antenna in a handset or handheld device 

according to the present invention comprise the steps of modifying the 

geometry of the PCB of said handset or handheld device to introduce on said 

PCB a feature able to increase the isolation between antennas in a particular 

frequency band. 

25 

Figure 13a Fig. 13A presents an embodiment of a handset comprising a mobile 

antenna (1301 ), a wireless connectivity antenna (1302) and a PCB (1300), 

wherein a slot (1304) has been created in a ground plane of said PCB (1300). 

The slot (1304) features an open end. That is, the slot (1304) intersects the 

30 perimeter of the conducting pattern of the PCB (1300) in at least one point. In 

other words the slot (1304) is not completely surrounded by conducting 
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materials. In this example, the unfolded length of the slot (1304) has been 

selected to be approximately a quarter of the wavelength at the frequency for 

which the isolation between antennas needs to be enhanced. More generally, 

the length of the slot (1304) can be adjusted to be approximately an odd integer 

5 multiple of a quarter of the wavelength at the frequency for which a higher level 

of isolation is needed. 

A purpose of the slot (1304) is to present a high impedance path to the currents 

flowing on the perimeter of the ground plane of the PCB (1300) on which the 

1 0 slot (1304) is placed and/or along a preferred path between the feeding points 

of the first and second antennas (the feeding point of said second antenna 

(1302) is placed under the first antenna (1301 ), at the left of the slot (1304) in 

Figure 13a Fig. 13A). Therefore, it will be preferred in certain embodiments, in 

order to increase the isolation, to place the slot (1304) at a point along the 

15 perimeter of the ground plane of the PCB (1300) in which the currents flowing 

from the wireless connectivity antenna (1302) towards the mobile antenna 

(1301) along the perimeter of the ground plane of the PCB (1300) are strong. In 

other embodiments, a purpose of shaping the ground plane with for instance 

one or more slots is to alter the phase and amplitude of the coupling and to 

20 generate multiple signal coupling paths such that those multiple signals cancel 

or partially cancel each other. 

Figure 13b Fig. 13B discloses another embodiment of a handset comprising a 

mobile antenna (1301 ), a wireless connectivity antenna (1302) and a PCB 

25 (1350), wherein a conductive stripe (1354) has been placed above, and 

substantially parallel to, the ground plane of the said PCB (1350) and shorted at 

one end to the said PCB (1350). In the example of the figure, the unfolded 

length of the conducting stripe (1354) has been selected to be approximately a 

quarter of the wavelength at the frequency for which the isolation between 

30 antennas needs to be enhanced. Being more general, the length of the 

conducting stripe (1354) can be adjusted to be approximately an odd integer 
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multiple of a quarter of the wavelength at the frequency for which a higher level 

of isolation is needed. 

Similarly to the slot (1304) in Figure 13a Fig. 13A, a purpose of the conducting 

5 strip (1354) is to present a high impedance path to the currents flowing on the 

ground plane of the PCB (1350) from the wireless connectivity antenna (1302) 

towards the mobile antenna (1301) (or viceversa). Therefore, it will be 

advantageous in some cases, to place the shorted end of the conducting stripe 

(1354) at least a distance of approximately a quarter of the wavelength at the 

1 O frequency for which a higher level of isolation is needed, on the path that the 

currents flowing from the wireless connectivity antenna (1302) towards the 

mobile antenna (1301) follow on the ground plane of the PCB (1350) (or 

viceversa). 

15 Figure Ei9.,_ 14 presents, without any limiting purpose, typical antenna isolation 

that can be obtained by using a handset with a modified PCB as the one 

disclosed in Figure 13b Fig. 13B. Compared with the isolation curve obtained in 

the original handset Figure 9a (Fig. 9A), the presence of the shorted conducting 

strip (1354) introduces a deep notch in the isolation in the region between 

20 2600MHz and 2800MHz, where the original handset had a poor isolation. 

In other embodiments, the ground plane of the PCB of the handset or handheld 

device can have two or more slots, like the slot (1304) in Figure 13a Fig. 13A, 

or two or more conducting strips shorted to the ground plane of the PCB, like 

25 the conducting stripe (1354) in Figure 13b Fig. 13B. By adjusting the number 

and length of the slots or the conducting strips, the frequency behavior of the 

isolation between antennas can be tailored. In general, for a wide-band 

behavior, the length of the slots or the conducting strips will be substantially 

similar. For a multiband response with no overlapping between frequency 

30 bands, the length of each slot or each conducting strip is associated mainly with 

the center frequency of a particular band at which the isolation between 
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antennas needs to be increased. In yet other embodiments, a single slot (or a 

single conducting strip) with multiple branches can be used to obtain an 

improvement in the isolation with a wideband or multiband behavior. 

5 In yet other embodiments, the handset or handheld device comprises a mobile 

antenna (1501 ), a wireless connectivity antenna (1502), and a conducting strip 

(1504) placed in the vicinity of the mobile antenna (1501) and the wireless 

connectivity antenna (1502), but differently from what is disclosed in Figure 13b 

Fig. 13B, said conducting strip (also referred to as parasitic element) is not 

1 0 connected to the ground plane of the PCB (1500). In the example of the 

Figure 15 Fig. 15(A-B), the unfolded length of the conducting strip (1504) has 

been selected to be approximately half of the wavelength at the frequency for 

which the isolation between antennas needs to be enhanced. The resonance 

introduced by said conducting strip (1504) enhances the curve of isolation 

15 between antennas (see Figure & 16, which is provided for the purposes of 

illustration only and in no way meant as a definition of the limits of the 

invention), improving substantially the isolation in the desired band (the 

2600MHz - 2800MHz region in this particular example). This conductive strip 

(1504) basically functions as a shield for the electromagnetic radiation between 

20 the two antennas. 

In some embodiments of the present invention (see for example Figures13 and 

+&-Figs. 13(A-B} and 15(A-B}) at least a portion of the slot (1304), or a portion 

of the conducting strip (1354, 1504) will preferably be shaped as a space-filling 

25 curve, a box-counting curve, a grid-dimension curve, or a fractal based curve, 

to achieve maximum size compression. 

A person skilled in the art will recognize that the techniques disclosed in this 

patent application can be advantageously used to enhance the isolation 

30 between an antenna for mobile communications and an antenna for wireless 

connectivity services not only when the latter is a slot antenna but also for other 
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types of antenna topology such as for instance, but not limited to, a monopole 

antenna, an IFA, a patch antenna or a PIFA. 

Fig. 22 Figs. (A-B} shows an example of slot-antenna component 221 0 

5 according useful for present invention, including a conductive surface 2211, in 

which a slot 2213 has been created, a dielectric substrate2212, five grounding 

terminals 2215 and feeding means comprising a feeding terminal 2214. In Fig. 

~22A a perspective bottom view of the slot-antenna component (i.e., as 

seen from the side of the component facing the PCB on which it is to be 

1 O mounted) is shown. Fig. ~22B is a top view of the component (i.e., as seen 

from the side of the component not facing the PCB on which it is to be 

mounted). 

The conductive surface 2211 is backed by a dielectric substrate 2212. In this 

15 particular embodiment, and without limiting purposes, the contour of the slot 

2213 is inspired in the Hilbert curve; however, other shapes could also be 

used. In fact, the shape of the slot 2213, and the length and width of each 

one of the segments that form said slot 2213, can be selected to meet the 

requirements of resonance frequency, electrical performance, and maximum 

20 size, of a given SMT component. 

In a preferred embodiment, the conductive surface 2211 is covered by another 

dielectric layer (such as for example a layer of ink, or a layer of protective epoxy 

coating for environmental protection), in which some windows are left in order 

25 to create one or more contact terminals 2214, 2215 of the component 2210. In 

Fig. 22 Figs. 22(A-B}. the slot-antenna component 221 0 comprises one feeding 

terminal 2214 and several grounding terminals 2215. The contact terminals 

2214, 2215 have been depicted as square pads, although they could be 

shaped differently, or take the form of pins or BGA balls. 

30 
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All contact terminals 2214, 2215 are arranged on or close to the edge of the 

conductive surface 2211 and at the same time on or close to the edge of 

antenna component 2210. 

5 In Fig. 22 Figs. 22(A-B}. the feeding means of the slot-antenna component 

221 O comprise a feeding contact 2214 and a conductive strip 2218 that can be 

advantageously printed or etched on the same conductive surface 2211 as the 

slot 2213, thus making the feeding means coplanar with the slot 2213. The 

conductive strip 2218 connects the feeding terminal 2214 with the edge of the 

1 O slot 2213 that is farther from the contact terminal 2214 in region 2219 along the 

slot 2213. In the example of Fig. 12, the connection of the conductive strip 2218 

with the edge of the slot 2213 that is farther from the contact terminal 2214 

occurs at a substantially right angle (i.e., an angle of approximately 90Q), 

however said connection could also occur at angles smaller or larger than 90Q. 

15 

In said region 2219, the edge of the slot 2213 that is closer to the feeding 

terminal 2214 is interrupted, so that the conductive strip 2218 can cross the slot 

2213 reaching the farther edge of said slot 2213. A clearance region 2220 is 

created at both sides of the conductive strip 2218 and the feeding terminal 

20 2214. The width of the clearance region 2220 does not need to be necessarily 

the same on both sides of the conductive strip 218 and the feeding terminal 

2214. The input impedance of the slot antenna can be appropriately selected 

by means of the distance of the region 2219 to an end of slot 2217, the width of 

the conductive strip 2218 and the widths of the clearance region 2220 on each 

25 side of the conductive strip 2218, and the feeding terminal 2214. 

In certain embodiments, said widths can be substantially equal. In some cases, 

the width of the conductive strip 2218 and the widths of the clearance regions 

on each side thereof can be advantageously selected so as to form a coplanar 

30 transmission line. The width of the conductive strip 2218 and the widths of said 

clearance regions will preferably be smaller than a maximum width. Some 
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possible values for said maximum width comprise 1 /2400, 1 /1200, 1 /800, 

1 /600, 1 /480, 1 /400, 1 /300, 1 /240, 1 /200, 1 /150 and 1 /120 of a free-space 

operating wavelength of the slot antenna. 

5 In some cases, it will be advantageous to place a grounding terminal 2215 at 

each side of the feeding terminal 2214. In other examples, the feeding terminal 

2214 might not be coplanar with the slot 2213, making it necessary to couple a 

feeding signal from the feeding terminal 2214 to the conductive strip 2218 

either by direct contact (such as for instance by means of a via hole), or by 

1 0 electromagnetic coupling (either capacitive or inductive). Capacitive (or 

inductive) coupling can be preferred in some cases to compensate for an 

inductive (or capacitive) component of the input impedance of the slot antenna, 

without having to use external circuit elements such as capacitors or inductors. 

15 Fig. 22 Figs. 22(A-B} shows an example of the slot-antenna component 221 0 in 

which the slot antenna is excited in an unbalanced manner. In some other 

examples, a slot-antenna component could be excited in a balanced manner by 

including a first feeding terminal to provide a positive potential (referenced to a 

ground potential) and a second feeding terminal to provide a negative potential 

20 (referenced to said ground potential). In some cases, the component can also 

include a third feeding terminal to provide said ground potential. 

In the embodiment of Fig. 22 Figs. 22(A-B}, the slot 2213 has a first end 2216 

that intersects the perimeter of the conductive surface 2211. That is, the slot 

25 2213 is open-ended at said first end 2216. Furthermore, the second end 

2217 of the slot does not intersect the perimeter of the conductive surface 

2211 (i.e., it is closed-ended). 

In Fig. 23 Figs. 23(A-B) examples of how a slot-antenna component 221 0 can 

30 be placed on a substantially rectangular PCB 2300 of a wireless (e.g. handheld 

or portable) device are shown. In Fig.~ 23A the longer dimension of the slot-
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antenna component 221 0 is aligned with one of the longer edges of the PCB 

2300, and substantially centered along said edge. Fig. ~ 23B relates to the 

case where the longer dimension of the slot-antenna component 221 0 is 

aligned with one of the longer edges of the PCB 2300, and substantially close 

5 to a corner of said edge and in Fig. ~ 23C the longer dimension of the slot­

antenna component 221 0 is aligned with one of the shorter edges of the PCB 

2300, and substantially close to a corner of said edge. It may also be centered 

along the short edge. 

1 0 In Fig. 23 Figs. 23(A-C}, the conductive layer of the PCB 2300 has been 

removed or, at least, partly removed under the slot-antenna component 2210, 

that is, in correspondence with the footprint of the slot-antenna component on 

the PCB, that is, in correspondence with its projection on the PCB 2300. 

15 Generally, the present invention can facilitate the integration of the antennas 

inside several kinds of handsets or handheld devices so that the antennas can 

be arranged in a way that it is compatible with high density of components on 

the PCB of the device. For miniaturization purposes, at least a portion of the 

curve defining the conducting trace, conducting wire or contour of the 

20 conducting sheet of at least one antenna of the handset or handheld device will 

advantageously be a space-filling curve, a box-counting curve, a grid­

dimension curve, or a fractal based curve. The conducting trace, conducting 

wire or contour of the conducting sheet of said at least one antenna might take 

the form of a single curve, or might branch-out in two or more curves, which at 

25 the same time in some embodiments will be also of the space-filling, box­

counting, grid-dimension, or fractal kinds. Additionally, in some embodiments a 

part of the curve will be coupled either through direct contact or electromagnetic 

coupling to a conducting polygonal or multilevel surface. 

30 The teachings disclosed in the present patent application facilitate the adoption 

of the wireless functionality in handsets and other handheld devices. Handset 
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and handheld device manufactures will benefit from the commercialization of 

such products with value-added features and that enjoy of stronger customer 

preference. In a platform like the one of a handset for mobile communications 

in which the efficient use of small-sized PCBs is paramount, the integration of a 

5 wireless connectivity antenna according to the present invention offers the 

benefit of small area overheads (i.e., smaller overall size of the handheld 

device), which translates into lower cost. Moreover, the enhanced isolation 

between antennas attainable using the techniques and teachings of the present 

invention provide handset and handheld device manufacturers with more 

1 0 flexibility when designing the layout of the PCB of the devices and the 

placement of the antennas and neighboring electronics on the PCB of the 

devices, reducing the costs of integration of the antenna, simplifying the new 

product development cycle, and accelerating the time to market of their new 

products. 

15 

In some preferred embodiments the handset or handheld device is operating at 

one, two, three or more of the following communication and connectivity 

services: GSM (GSM850, GSM900, GSM1800, American GSM or PCS1900, 

GSM450), UMTS, WCDMA, CDMA, Bluetooth™, IEEE802.11ba, 

20 IEEE802.11 b, IEEE802.11g, WLAN, WiFi, UWB, ZigBee, GPS, Galileo, 

SDARs, XDARS, WiMAX, DAB, FM, 0MB, DVB-H. 
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5 

WIRELESS CONNECTIVITY ANTENNA FOR A MOBILE HANDSET 

WITH ENHANCED ISOLATION 

Object of the invention 

The present invention relates to a handset and generally to any handheld device, 

which includes an antenna for receiving and transmitting electromagnetic wave 

signals. 

1 0 It is an object of the present invention to disclose a handset or hand held device 

(such as for instance a mobile phone, a smartphone, a PDA, a MP3 player, a 

headset, a USB dongle, a laptop, a PCMCIA or Cardbus 32 card), which 

comprises a first antenna for mobile communications, and a second antenna for 

mobile communications, or for at least a wireless connectivity service, with the 

15 said second antenna being a slot antenna and requiring very small area on the 

PCB. 

Another aspect of the invention relates to the technique to obtain good isolation 

between the said first antenna and the said second antenna. According to the 

20 present invention, good isolation between the antennas included in the handset 

or handheld device can be obtained by appropriately choosing the placement 

and orientation on the PCB of each one of the antennas comprised in the 

handset or handheld device, and by acting on the PCB of the handset or 

handheld device to reduce the electromagnetic coupling between antennas. 

25 

Background of the invention 

The current trend in the sector of mobile phone manufacturers, and more 

30 generally handheld device manufacturers, is to incorporate added value wireless 

services such as connectivity functionality and geolocalization (such as for 

example, but not limited to Bluetooth™, IEEE802.11a, IEEE802.11b, 

IEEE802.11g, WLAN, WiFi, UWB, ZigBee, GPS, Galileo, SDARs, XDARS, 

WiMAX, DAB, FM, DVB-H, or DMB) in more and more of their products. 
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In some cases, these handheld devices also operate in at least a frequency band 

used for mobile communication services, such as GSM (GSM850, GSM900, 

GSM1800, American GSM or PCS1900, GSM450), UMTS, WCDMA, or CDMA, 

5 apart from having the ability to operate in the frequency band corresponding to the 

wireless connectivity service. 

Although it is possible to integrate all the operating bands of a particular handheld 

device in a single antenna, the trend in the handset manufacturing industry shows 

10 that it is preferred to have two separate antennas: A first antenna is used for the 

bands of the selected mobile communication services, and a second antenna is 

used to allow the device to operate at an additional communication service (such 

as for instance UMTS) or at the frequency bands of a wireless connectivity 

standard. 

15 

20 

25 

30 

Using two separate antennas presents some advantages: 

• It eases the design of each one of the antennas, as a single multiband 

antenna covering all the bands of operation of the handset would require a 

more complicated design. 

• It also simplifies the radiofrequency (RF) front-end for each one of the two 

antennas. In the event of having a single antenna, the RF front-end to 

which the antenna is connected would have to include a diplexer capable 

of separating the mobile communication frequency bands from the wireless 

connectivity frequency bands. 

• Moreover, it offers more flexibility in the design of the printed circuit board 

(PCB) that carries the electronic components and circuitry of the handset or 

handheld device. In many cases, a PCB designer will preferably lay out the 

module or chipset providing the wireless connectivity functionality, and the 

module or chipset for the mobile communication services in different parts 

of the PCB. 
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The said first antenna can typically be for instance and without limitation a 

monopole antenna, an inverted-F antenna (IFA), a patch antenna, or a planar 

inverted-F antenna (PIFA). Some known solutions for the said second antenna 

include antennas printed on the PCB of the device (such as for example, but not 

5 limited to, a printed IFA), or an antenna component, or chip antenna. 

However, the integration in a handset of a second antenna dedicated to the 

wireless connectivity services is not trivial. As the space available on the PCB of 

the device is scarce, antenna solutions with small footprint are advantageous. 

10 Printed antennas typically are not small in size, since their dimensions are 

approximately a quarter of an operating wavelength of the antenna. Chip 

antennas may achieve some degree of miniaturization (for instance by loading the 

antenna with a material with high dielectric constant), however in many cases they 

exhibit poor matching levels, and limited bandwidth, efficiency or gain. 

15 

One additional problem that further complicates the integration of the wireless 

connectivity antenna in a handset or handheld device is the low isolation that is 

obtained between this antenna and the antenna used for mobile communications. 

20 lnterband isolation can be improved by separating the two antennas further apart, 

although this might not be practical in typical handsets due to their small size and 

limited positions that are available to integrate the wireless connectivity antenna. 

This is the case especially for more recent handset topologies like for example 

flip-type, or clamshell, phones and slider-type phones (as the one shown in Figure 

25 1 ). As an alternative, a filter can be used to achieve the required level of isolation 

between antennas within the operating bands. However, this approach implies 

adding extra components on the PCB, thus using up more space on the PCB of 

the device, and resulting in an increase in cost of the handset. 

30 A conventional handset that includes an antenna for mobile communications and 

an antenna for wireless connectivity is depicted in Figure 2. For this example, the 

handset has been selected to have a slider-type topology (see Figure 1 ). A slider­

type handset comprises typically a first PCB (101) placed substantially above and 

parallel to a second PCB (102). The first PCB (101) has the ability to slide above 
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5 

the second PCB (102), so that the handset can be in a closed position, as shown 

in Figure 1 a or in an open position, as shown in Figure 1 b. Generally, the first PCB 

(101) and the second PCB (102) are electrically connected, for example by means 

of a flexible conductive film. 

For the purpose of the example, the handset comprises a first antenna (201) 

placed on the top part of the PCB (200) that operates at the frequency bands for 

mobile communications, and a second antenna (202) placed on the bottom right 

corner of the PCB (200) that operates at the frequency bands of the wireless 

10 connectivity services. For illustrative purposes, the second antenna (202) is a 

surface mount technology (SMT) component mounted on the PCB (200), although 

it could have been replaced by an antenna printed on the PCB (200). 

Some typical electrical results for the handset of Figure 2 are shown without any 

15 limiting purpose in Figure 3. Figure 3a presents typical results of the input 

parameters of the antennas (i.e., return losses of each antenna, and isolation 

between antennas) when the slider-type phone is in the closed position, while 

Figure 3b presents the typical results of the antennas when the phone is in the 

open position. In this example, the first antenna (201) was designed to have a 

20 multiband behavior, with a first resonance around 900MHz to provide coverage for 

the GSM900 service, and a second resonance around 1900MHz to provide 

service to the GSM 1800 and GSM 1900 services. On the other hand the second 

antenna was designed to be tuned in the 2500MHz band. These frequency 

ranges have been selected just to illustrate the example, but the antennas could 

25 work in any frequency band included in the range from approximately 400MHz to 

approximately 12GHz, including any subinterval. The isolation between the first 

antenna (201) and the second antenna (202) is 20dB in the 900MHz band, 1 BdB 

in the 1900MHz band. Moreover, the isolation degrades to 17dB at the center of 

the resonance of the second antenna around 2600MHz. 

30 

Space Filling Cwves 
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In some examples, at least one antenna of the antennas included in the handset 

or handheld device may be miniaturized by shaping at least a portion of the 

conducting trace, conducting wire or contour of a conducting sheet of the antenna 

(e.g., a part of the arms of a dipole, the perimeter of the patch of a patch antenna, 

5 the slot in a slot antenna, the loop perimeter in a loop antenna, or other portions of 

the antenna) as a space-filling curve (SFC). 

A SFC is a curve that is large in terms of physical length but small in terms of the 

area in which the curve can be included. More precisely, for the purposes of this 

10 patent document, a SFC is defined as follows: a curve having at least five 

segments, or identifiable sections, that are connected in such a way that each 

segment forms an angle with any adjacent segments, such that no pair of 

adjacent segments defines a larger straight segment. In addition, a SFC does not 

intersect with itself at any point except possibly the initial and final point (that is, 

15 the whole curve can be arranged as a closed curve or loop, but none of the lesser 

parts of the curve form a closed curve or loop). 

A space-filling curve can be fitted over a flat or curved surface, and due to the 

angles between segments, the physical length of the curve is larger than that of 

20 any straight line that can be fitted in the same area (surface) as the space-filling 

curve. Additionally, to shape the structure of a miniature antenna, the segments of 

the SFCs should be shorter than at least one fifth of the free-space operating 

wavelength, and possibly shorter than one tenth of the free-space operating 

wavelength. The space-filling curve should include at least five segments in order 

25 to provide some antenna size reduction, however a larger number of segments 

may be used. In general, the larger the number of segments and the narrower the 

angles between them, the smaller the size of the final antenna. 

30 

--------------Saito de pagina---------------

Box-Counting Cwves 

In other examples, at least one antenna of the antennas included in the handset 

or handheld device may be miniaturized by shaping at least a portion of the 
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conducting trace, conducting wire or contour of a conducting sheet of the antenna 

to have a selected box-counting dimension. 

For a given geometry lying on a surface, the box-counting dimension is computed 

5 as follows. First, a grid with substantially squared identical cells boxes of size L 1 is 

placed over the geometry, such that the grid completely covers the geometry, that 

is, no part of the curve is out of the grid. The number of boxes N1 that include at 

least a point of the geometry are then counted. Second, a grid with boxes of size 

L2 (L2 being smaller than L 1) is also placed over the geometry, such that the grid 

10 completely covers the geometry, and the number of boxes N2 that include at least 

a point of the geometry are counted. The box-counting dimension D is then 

computed as: 

15 

D = 1og(N2) - log(Nl) 
log(L2)-log(Ll) 

For the purposes of the antennas included in the handset or handheld device 

described herein, the box-counting dimension may be computed by placing the 

first and second grids inside a minimum rectangular area enclosing the conducting 

trace, conducting wire or contour of a conducting sheet of the antenna and 

20 applying the above algorithm. The first grid should be chosen such that the 

rectangular area is meshed in an array of at least 5 x 5 boxes or cells, and the 

second grid should be chosen such that L2 = 1 /2 L and such that the second grid 

includes at least 10 x 10 boxes. The minimum rectangular area is an area in which 

there is not an entire row or column on the perimeter of the grid that does not 

25 contain any piece of the curve. 

The desired box-counting dimension for the curve may be selected to achieve a 

desired amount of miniaturization. The box-counting dimension should be larger 

than 1.1 in order to achieve some antenna size reduction. If a larger degree of 

30 miniaturization is desired, then a larger box-counting dimension may be selected, 

such as a box-counting dimension ranging from 1.5 to 3. For the purposes of this 

patent document, curves in which at least a portion of the geometry of the curve 
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has a box-counting dimension larger than 1.1 are referred to as box-counting 

curves. 

For very small antennas, for example antennas that fit within a rectangle having 

5 maximum size equal to one-twentieth the longest free-space operating 

wavelength of the antenna, the box-counting dimension may be computed using a 

finer grid. In such a case, the first grid may include a mesh of 10 x 10 equal cells, 

and the second grid may include a mesh of 20 x 20 equal cells. The box-counting 

dimension (D) may then be calculated using the above equation. 

10 

In general, for a given resonant frequency of the antenna, the larger the box­

counting dimension, the higher the degree of miniaturization that will be achieved 

by the antenna. One way to enhance the miniaturization capabilities of the 

antenna is to arrange the several segments of the curve of the antenna pattern in 

15 such a way that the curve intersects at least one point of at least 14 boxes of the 

first grid with 5 x 5 boxes or cells enclosing the curve. If a higher degree of 

miniaturization is desired, then the curve may be arranged to cross at least one of 

the boxes twice within the 5 x 5 grid, that is, the curve may include two non­

adjacent portions inside at least one of the cells or boxes of the grid. 

20 

Figure 17 illustrates an example of how the box-counting dimension of a curve 

(1700) is calculated. The example curve (1700) is placed under a 5 x 5 grid (1701) 

and under a 10 x 10 grid (1702). As illustrated, the curve (1700) touches N1=25 

boxes in the 5 x 5 grid (1701) and touches N2=78 boxes in the 10 x 10 grid 

25 (1702). In this case, the size of the boxes in the 5 x 5 grid (1701) is twice the size 

of the boxes in the 10 x 10 grid (1702). By applying the above equation, the box­

counting dimension of the example curve (1700) may be calculated as 0=1.6415. 

In addition, further miniaturization is achieved in this example because the curve 

(1700) crosses more than 14 of the 25 boxes in grid (1701), and also crosses at 

30 least one box twice, that is, at least one box contains two non-adjacent segments 

of the curve. More specifically, the curve (1700) in the illustrated example crosses 

twice in 13 boxes out of the 25 boxes. 
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Grid Dimension Curves 

In further examples, at least one antenna of the antennas included in the handset 

or handheld device may be miniaturized by shaping at least a portion of the 

5 conducting trace, conducting wire or contour of a conducting sheet of the antenna 

to include a grid dimension curve. 

For a given geometry lying on a planar or curved surface, the grid dimension of 

curve may be calculated as follows. First, a grid with substantially identical cells of 

10 size L 1 is placed over the geometry of the curve, such that the grid completely 

covers the geometry, and the number of cells N1 that include at least a point of 

the geometry are counted. Second, a grid with cells of size L2 (L2 being smaller 

than L 1) is also placed over the geometry, such that the grid completely covers 

the geometry, and the number of cells N2 that include at least a point of the 

15 geometry are counted again. The grid dimension Dis then computed as: 

D = 1og(N2) - log(Nl) 
log(L2)-log(Ll) 

For the purposes of the antennas included in the handset or handheld device 

20 described herein, the grid dimension may be calculated by placing the first and 

second grids inside the minimum rectangular area enclosing the curve of the 

antenna and applying the above algorithm. The minimum rectangular area is an 

area in which there is not an entire row or column on the perimeter of the grid that 

does not contain any piece of the curve. 

25 

The first grid may, for example, be chosen such that the rectangular area is 

meshed in an array of at least 25 substantially equal cells. The second grid may, 

for example, be chosen such that each cell of the first grid is divided in 4 equal 

cells, such that the size of the new cells is L2 = ½ L 1 , and the second grid 

30 includes at least 100 cells. 

The desired grid dimension for the curve may be selected to achieve a desired 

amount of miniaturization. The grid dimension should be larger than 1 in order to 
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achieve some antenna size reduction. If a larger degree of miniaturization is 

desired, then a larger grid dimension may be selected, such as a grid dimension 

ranging from 1.5 - 3 (e.g., in case of volumetric structures). In some examples, a 

curve having a grid dimension of about 2 may be desired. For the purposes of this 

5 patent document, a curve having a grid dimension larger than 1 is referred to as a 

grid dimension curve. 

In general, for a given resonant frequency of the antenna, the larger the grid 

dimension the higher the degree of miniaturization that will be achieved by the 

10 antenna. One example way of enhancing the miniaturization capabilities of the 

antenna is to arrange the several segments of the curve of the antenna pattern in 

such a way that the curve intersects at least one point of at least 50% of the cells 

of the first grid with at least 25 cells enclosing the curve. In another example, a 

high degree of miniaturization may be achieved by arranging the antenna such 

15 that the curve crosses at least one of the cells twice within the 25-cell grid, that is, 

the curve includes two non-adjacent portions inside at least one of the cells or 

cells of the grid. 

20 Multilevel Structures 

In some examples, at least a portion of the conducting trace, conducting wire or 

conducting sheet of at least one antenna of the antennas included in the handset 

or handheld device may be coupled, either through direct contact or 

25 electromagnetic coupling, to a conducting surface, such as a conducting 

polygonal or multilevel surface. A multilevel structure is formed by gathering 

several geometrical elements, such as polygons or polyhedrons of the same type 

(e.g., triangles, parallelepipeds, pentagons, hexagons, circles or ellipses as 

special limiting cases of a polygon with a large number of sides, as well as 

30 tetrahedral, hexahedra, prisms, dodecahedra, etc.) and coupling 

electromagnetically at least some of such geometrical elements to one or more 

other elements, whether by proximity or by direct contact between elements. The 

majority of the component elements of a multilevel have more than 50% of their 

perimeter (for polygon and surface like elements) not in contact with any of the 
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5 

other elements of the structure. Thus, the component elements of a multilevel 

structure may typically be identified and distinguished, presenting at least two 

levels of detail: that of the overall structure and that of the polygon or polyhedron 

elements that form it. 

Additionally, several multilevel structures may be grouped and coupled 

electromagnetically to each other to form higher-level structures. In a single 

multilevel structure, all of the component elements are polygons with the same 

number of sides or are polyhedrons with the same number of faces. However, this 

10 characteristic is not present when several multilevel structures of different natures 

are grouped and electromagnetically coupled to form meta-structures of a higher 

level. 

A multilevel antenna includes at least two levels of detail in the body of the 

15 antenna: that of the overall structure and that of the majority of the elements 

(polygons or polyhedrons) which make it up. This may be achieved by ensuring 

that the area of contact or intersection (if it exists) between the majority of the 

elements forming the antenna is only a fraction of the perimeter or surrounding 

area of said polygons or polyhedrons. 

20 

One example property of multilevel antennae is that the radioelectric behavior of 

the antenna can be similar in more than one frequency band. Antenna input 

parameters (e.g., impedance and radiation pattern) remain similar for several 

frequency bands (i.e., the antenna has the same level of adaptation or standing 

25 wave relationship in each different band), and often the antenna presents almost 

identical radiation diagrams at different frequencies. The number of frequency 

bands is proportional to the number of scales or sizes of the polygonal elements 

or similar sets in which they are grouped contained in the geometry of the main 

radiating element. 

30 

In addition to their multiband behavior, multilevel structure antennae may have a 

smaller than usual size as compared to other antennae of a simpler structure 

(such as those consisting of a single polygon or polyhedron). Additionally, the 

edge-rich and discontinuity-rich structure of a multilevel antenna may enhance the 

EX1002 - Page 409



radiation process, relatively increasing the radiation resistance of the antenna and 

reducing the quality factor Q (i.e., increasing its bandwidth). 

A multilevel antenna structure may be used in many antenna configurations, such 

5 as dipoles, monopoles, patch or microstrip antennae, coplanar antennae, reflector 

antennae, wound antennae, antenna arrays, or other antenna configurations. In 

addition, multilevel antenna structures may be formed using many manufacturing 

techniques, such as printing on a dielectric substrate by photolithography (printed 

circuit technique); dieing on metal plate, repulsion on dielectric, or others. 

10 

Summary of the invention 

The present invention discloses a handset or handheld device (such as for 

15 instance a mobile phone, a smartphone, a PDA, a MP3 player, a headset, a USB 

dongle, a laptop, a PCMCIA or Cardbus 32 card), which comprises a first antenna 

for mobile communications (hereinafter also referred to as the mobile antenna), 

and a second antenna for at least a mobile communication service or a wireless 

connectivity service (hereinafter also referred to as the wireless connectivity 

20 antenna), wherein the said second antenna is a slot antenna and requires very 

small area on the PCB. 

According to the present invention, good isolation between antennas can be 

obtained by appropriately choosing the orientation on the PCB, and by selecting 

25 the antenna type (i.e., whether a given antenna substantially behaves as an 

electric current source, or as a magnetic current source) for each one of the 

antennas comprised in the handset or handheld device. 

In some cases, wherein the first antenna substantially behaves as an electric 

30 current source (such as for instance, but not limited to, a monopole antenna) 

and the second antenna substantially behaves as a magnetic current source 

(for instance, but not limited to, a slot antenna), good isolation between the said 

first antenna and the said second antenna can be obtained when the electric 

currents excited on at least a portion of the PCB by the radiating mode of the 
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said first antenna are substantially parallel to the equivalent magnetic currents 

excited on at least a portion of the extension of the said second antenna. 

In other cases, wherein the first and second antenna behave as magnetic 

5 current sources, good isolation between the said first antenna and second 

antenna is achieved when the magnetic currents excited on at least a portion of 

the extension of the first antenna are substantially orthogonal to the magnetic 

currents excited on at least a portion of the extension of the second antenna. 

10 Another aspect of the invention relates to the technique to further improve the 

isolation between a mobile antenna and a wireless connectivity antenna in a 

handset or handheld device, by acting on the geometry of the mobile antenna to 

eliminate any resonance modes that might fall within any of the operating bands of 

the wireless connectivity antenna. 

15 

List of figures 

Further characteristics and advantages of the invention will become apparent in 

20 view of the detailed description which follows of some preferred embodiments of 

the invention given for purposes of illustration only and in no way meant as a 

definition of the limits of the invention, made with reference to the accompanying 

drawings, in which: 

25 Fig. 1 - Example of a slider-type handset carrying an antenna for mobile 

communications (100) and comprising a top PCB (101) (with dimensions 78mm x 

40mm for the purpose of the example) and a bottom PCB (102) (with dimensions 

70mm x 35mm, in this example): (a) General view of the PCBs of the handset in 

the closed position; and (b) general view of the PCBs of the handset in the open 

30 position. 

Fig. 2 - Top view of an example of a handset comprising a first antenna for 

mobile communications placed on the top portion of the PCB of the handset and a 
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second antenna for wireless connectivity services placed on the bottom right 

corner of the PCB. 

Fig. 3 - Typical electrical performance of the antennas of the handset shown in 

5 Fig. 2: (a} Return loss of each antenna and isolation between antennas when the 

handset is in closed position; and (b} return loss of each antenna and isolation 

between antennas when the handset is in open position. 

Fig. 4 - Top view of an example of a handset according to the present invention 

10 including a first antenna for mobile communications placed on the top portion of 

the PCB of the handset and a second antenna for wireless connectivity services 

placed on the bottom right corner of the PCB, wherein the second antenna is a 

slot antenna: (a} General view of the PCB of the handset carrying the two 

antennas; and (b} detailed view of the region that contains the slot antenna. 

15 

20 

Fig. 5 - Typical electrical performance of the antennas of the handset shown in 

Fig. 4: (a} Return loss of each antenna and isolation between antennas when the 

handset is in closed position; and (b} return loss of each antenna and isolation 

between antennas when the handset is in open position. 

Fig. 6 - Typical radiation and antenna efficiency of the slot antenna for wireless 

connectivity integrated in the handset of Fig. 4. 

Fig. 7 - Top view of some implementations of the handset comprising a mobile 

25 antenna (white rectangle with black diagonal lines) and a slot antenna (black line) 

on the PCB (grey rectangle) for wireless connectivity services. 

Fig. 8 - Typical electrical performance of the antennas of the handset shown in 

Fig. 7b: (a) Return loss of each antenna and isolation between antennas when the 

30 handset is in closed position; and (b) return loss of each antenna and isolation 

between antennas when the handset is in open position. 

Fig. 9 - (a} Detailed view of an example of a handset comprising a first antenna 

for mobile communications and a second antenna for wireless connectivity 
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5 

services. The geometry of the antenna for mobile communications can be tailored 

according to the teachings of the present invention to enhance the isolation with 

the antenna for wireless connectivity services by (b) modifying the dimensions of 

an arm of the mobile antenna; or (c) folding an arm of the mobile antenna. 

Fig. 10 - Comparison of typical levels of isolation between the mobile antenna 

and the wireless connectivity antenna that can be obtained before and after 

modifying the mobile antenna as depicted in Fig. 9b. 

10 Fig. 11 - Detailed view of an antenna for mobile communications whose 

geometry has been modified according to the teachings of the present invention to 

enhance the isolation with the antenna for wireless connectivity services by 

increasing the length of a slot defined in the structure of the mobile antenna by 

means of: (a) shaping the slot as a meander-like curve; or (b) adding a conductive 

15 stripe inside the aperture of the slot. 

20 

Fig. 12 - Comparison of typical levels of isolation between the mobile antenna 

and the wireless connectivity antenna that can be obtained before and after 

modifying the mobile antenna as depicted in Fig. 11 b. 

Fig. 13 - Detailed view of the top portion of the PCB of a handset showing 

different embodiments according to the present invention to enhance the isolation 

between an antenna for mobile communications and an antenna for wireless 

connectivity services by: (a) introducing a slot on the PCB; or (b) placing a 

25 conductive stripe above the PCB that is shorted on one end to the PCB. 

30 

Fig. 14 - Comparison of typical levels of isolation between the mobile antenna 

and the wireless connectivity antenna that can be obtained before and after 

modifying the PCB of the handset as depicted in Fig. 13b. 

Fig. 15 - Embodiment of a handset according to the present invention including a 

mobile antenna, a wireless connectivity antenna, and parasitic element to 

enhance the isolation between antennas: (a) General view of the PCB of the 

handset; and (b) detailed view of the top portion of the PCB of the handset 
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showing the shape of the parasitic element. (For the sake of clarity, the parasitic 

element appears to be in Fig. 15b above the mobile antenna, although in reality it 

is placed below the mobile antenna but above the plane of the PCB of the 

handset.) 

Fig. 16 - Comparison of typical levels of isolation between the mobile antenna 

and the wireless connectivity antenna that can be obtained before and after 

introducing a parasitic element, like the one shown in Fig. 15, in the handset. 

1 0 Fig. 17 - Example of a box counting curve located in a first grid of 5x5 boxes 

and in a second grid of 1Ox10 boxes. 

Fig. 18 - Example of a grid dimension curve. 

15 Fig. 19 - Example of a grid dimension curve located in a first grid. 

Fig. 20 - Example of a grid dimension curve located in a second grid. 

Fig. 21 - Example of a grid dimension curve located in a third grid. 

20 

Description of the preferred embodiments 

In some preferred embodiments of the handset or handheld device of the 

25 present invention, the said handset or handheld device comprises a first 

antenna used for at least a mobile communication service, and a second antenna 

used for at least a wireless connectivity service, wherein the second antenna is a 

slot antenna (Figure 4 ). In the example of Figure 4, and without being a 

limitation of the invention, the slot (402) has been created on the ground plane 

30 of the PCB (400) on its right hand side and near the bottom. The shape of the 

slot (402), and the length and widths of each one of the segments that form the 

said slot (402), can be selected to meet the requirements of resonance 

frequency, electrical performance, and maximum PCB area constraint, of a 

given handset or handheld device. 
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In the example of Figure 4, the slot (402) intersects the perimeter of the ground 

plane of the PCB (400) at one point (406). In other words, the slot (402) is not 

completely surrounded by conducting materials. In some preferred cases, the 

5 unfolded length of the slot (402) will be approximately a quarter of an operating 

wavelength of the slot antenna. In some other cases, the unfolded length of the 

slot (402) will be approximately three times, or approximately five times, or 

approximately another odd integer number of times, the length of one quarter of 

an operating wavelength of the slot antenna. 

10 

In other embodiments, the slot might intersect the perimeter of the ground plane 

of the PCB on which is placed at least at one point, such as for example at two 

points. In yet some other embodiments, the slot might not intersect the 

perimeter of the ground plane of the PCB on which is placed. That is, the slot is 

15 in these cases completely surrounded by conducting materials. In some 

embodiments, it might be advantageous that the unfolded length of the slot be 

approximately twice, or approximately four times, or approximately another 

even integer number of times, the length of one quarter of an operating 

wavelength of the slot antenna. 

20 

In order to minimize the coupling between the first antenna (401) and the 

second antenna (402) (i.e., maximize the isolation), the design of the slot (402) 

and its orientation with respect to the PCB (400) is selected such that the slot 

(402) is substantially parallel to the direction of the currents excited on the PCB 

25 (400) by a resonating mode of the first antenna (401 ), at least on a portion of 

the PCB (400). In some cases, it is advantageous to design the slot (402) such 

that it is substantially parallel to the longer side of the PCB (400), because the 

currents excited on said PCB (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 

30 context of this application, two directions are considered to be substantially 

parallel if they form an angle of less than, or equal to, approximately 30 degrees. 

Also in the context of this application, the direction of a slot is defined by the 

direction of the longest side of the rectangular area in which said slot is inscribed. 
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In some other cases the first antenna may include a slot that radiates at a 

particular resonance frequency, so that the said first antenna behaves 

substantially as a magnetic current source for that resonance frequency. In 

these embodiments it will be advantageous to align the said slot of the first 

5 antenna along a first direction and the slot of the second antenna along a 

second direction, being said first direction substantially orthogonal to said second 

direction. In the context of this application, two directions are considered to be 

substantially orthogonal if they form an angle in the range from approximately 60 

degrees to approximately 120 degrees. 

10 

The shape of the slot (402) can comprise straight and curved segments, not 

necessarily all segments being of the same length (see examples in Figure 7). In 

the same way, the separation between the conductive edges of each segment of 

the slot (402) does not have to be the same for all segments, nor constant for any 

15 given segment (i.e., any segment of the slot (402) can be tapered). 

In some examples, the slot (402) might have one, two, three, or more bends. In 

general, as the number of bends in the slot (402) increases, the shape of the 

slot (402) becomes more and more convoluted, leading to a higher degree of 

20 miniaturization of the resulting slot antenna. 

In some cases, the slot antenna will be advantageously excited by applying a 

voltage difference between the opposite conductive edges of the slot (402) at a 

particular point (408) along the geometry of the slot (hereinafter referred to as 

25 the feeding point). In some embodiments, the feeding point (408) will be closer 

to the closed end of the slot (407) than to the open end of the slot (406). In 

certain examples, the distance between the feeding point (408) and the closed 

end of the slot (407) will be less than, or equal to, 0.2%, 0.4%, 0.8%, 1.2% 

1.6%, 2.5%, 3.3%, 4% or 8% of a free-space operating wavelength of the slot 

30 antenna. 

In some examples, it will be advantageous to have the slot antenna (402) 

inscribed in a rectangular area (403) of width (405) smaller than 1/50 of the free­

space operating wavelength of the slot antenna (402), and length (404) smaller 
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than 1 /4 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 

fractions: 1/10, 1/30, 1/50, 1/60, 1/70, or 1/80. In the same way, for some 

5 embodiments the said length (404) divided by the free-space operating 

wavelength of the slot antenna will be smaller than, or equal to, at least one of the 

following fractions: 1/2, 1/3, or 1/4. In some other instances, it will be 

advantageous that the sum of the length (404) and the width (405) of the 

rectangular area (403) in which the slot is inscribed be smaller than 1/2 of the free-

10 space operating wavelength, or even smaller than 1 /4 of the free-space operating 

wavelength. Furthermore, it will be advantageous in some cases that the 

separation between the two edges of the slot (402) be within a range from 

approximately the 0.08% of the free-space operating wavelength to approximately 

the 8% of the free-space operating wavelength, including any subinterval of said 

15 range. 

The slot antenna in some examples will be implemented as a slot printed or 

etched on the ground plane of the PCB, while in other cases the slot will be 

contained in a surface mount technology (SMT) type component mounted on the 

20 PCB of the handset or handheld device. When the slot is contained in a SMT type 

component, said component will comprise a conducting surface on which the slot 

is created. The SMT type component will provide at least one contact terminal 

accessible from the exterior of said SMT component to electrically connect said 

conducting surface with the ground plane of the PCB. In some embodiments, this 

25 contact terminal can take the form of a pad, or a pin, or a solder ball. It will be 

advantageous in some cases to define on the PCB a region of clearance of 

ground plane on the orthogonal projection of the component on the PCB on which 

it is mounted. In other cases, there will be ground plane on a portion of the 

orthogonal projection of the SMT component on the PCB, but not under the 

30 orthogonal projection of the slot on said PCB. 

Figure 5 presents, without any limiting purpose, an example of electrical results for 

the handset of Figure 4 according to the present invention. Figure Sa presents 

typical values of the input parameters of the antennas (i.e., return losses of each 
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antenna, and isolation between antennas) when the slider-type phone is in the 

closed position, while Figure Sb presents the typical results of the antennas when 

the phone is in the open position. In this example, the first antenna (401) was 

designed to have a multiband behavior, with a first resonance around 900MHz to 

5 provide coverage for the GSM900 service, and a second resonance around 

1900MHz to provide service to the GSM1800 and GSM1900 standards. On the 

other hand the second antenna was designed to be tuned in the 2500MHz band. 

The isolation between the first antenna (401) and the second antenna (402) 

exceeds 30dB in the 900MHz band, is better than 23dB in the 1900MHz band, 

10 and better than 21 dB in the 2500MHz band. The level of isolation attained 

between the antennas of the example shown in Figure 4 is better than the results 

obtained for the example of a conventional prior-art arrangement in Figure 2. A 

typical radiation performance of the slot antenna (402) is shown without any 

limiting purpose in Figure 6. The slot antenna (402) has a level of radiation 

15 efficiency in excess of 60% in its band of operation both in the open and closed 

positions of the handset. 

In some embodiments, the use of a slot antenna as the wireless connectivity 

antenna for a handset or handheld device according to the present invention can 

20 be advantageous because: 

25 

• It has low profile and uses very little space of the PCB. 

• It is less sensitive to the size, shape or form factor of the PCB on which is 

printed, etched, or mounted as a SMT component. This can be particularly 

interesting for flip-type and slider-type 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. 

• It can be polarized along a direction that is substantially orthogonal to the 

polarization of the mobile antenna. 

30 Figure 7 presents, without any limiting purpose, some embodiments for the 

present invention of a handset or handheld device comprising a slot antenna. 

Generally, it will be preferable to keep the separation between the mobile antenna 

(701) and the wireless connectivity antenna (702) as large as possible in order to 

maximize the isolation between the antennas. For example, isolation between the 
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antennas on the PCB for the case of Figure 7c is expected to be better than for 

the case of Figure 7a, as the separation between the antennas is larger. However, 

in certain embodiments it may not be possible to place the mobile antenna (701) 

and the wireless connectivity antenna (702) further apart. In these cases it will be 

5 necessary the use of additional techniques to improve further the isolation 

between the mobile antenna and the wireless connectivity antenna by acting 

either on the geometry of the mobile antenna, or on the PCB of the handset or the 

handheld device, or on both. 

10 The electrical performance of the antennas in the embodiment of Figure 7b is 

presented without any limiting purpose in Figure 8. As it can be observed, the 

return loss of each antenna is practically the same as the one already presented 

in Figure 5. However, there is a degradation in the isolation between the mobile 

antenna (701) and the wireless connectivity antenna (702), predominantly around 

15 2400MHz, linked to the smaller separation between antennas. 

Another aspect of the invention relates to techniques to enhance the isolation 

between the mobile antenna and the wireless connectivity antenna. Some of 

these techniques comprise the steps of shaping the geometry of the mobile 

20 antenna to eliminate higher order resonant modes or spurious modes that may fall 

within an operating band of the wireless connectivity antenna, giving rise to strong 

coupling of the mobile antenna with the wireless connectivity antenna. 

In some embodiments, the mobile antenna can comprise features (such as for 

25 instance a slot, or a stripe of metal) with an electrical length close to approximately 

an integer multiple of a quarter of an operating wavelength of the wireless 

connectivity antenna. For example, in the embodiment of Figure 9a the mobile 

antenna (901) comprises a slot (903) that has a length of approximately a quarter 

of the wavelength at 2600MHz, corresponding to an operating band of the 

30 wireless connectivity antenna. For the purposes of this example and the following 

ones, a wireless connectivity antenna (902) has been placed near the top left 

comer of the PCB (900) underneath the mobile antenna (901 ). As commented 

previously, this is not particularly an advantageous position for the wireless 

connectivity antenna (902), as the little distance with respect to the mobile 
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antenna (901) will translate into poor isolation. As it can be seen in Figure 10, a 

typical level of isolation between antennas at 2600MHz is approximately 8dB. 

However, this antenna arrangement will help to illustrate the improvement in 

isolation between antennas that can be achieved by following the teachings 

5 disclosed in this patent application. 

In order to increase the isolation between antennas, the length of the slot (903) 

can be shortened to force the associated resonance frequency to move towards 

higher frequencies, away from the wireless connectivity band. In the embodiment 

10 Figure 9b, the conducting arm of the mobile antenna (934) has been shortened by 

some amount with respect to the original arm (904), so that the resulting slot (933) 

is shorter or substantially shorter than a quarter of the resonant wavelength of the 

wireless antenna and therefore resonates at a higher frequency. 

15 The resonance frequencies of the mobile antenna (931) might shift in frequency 

as a consequence of the shortening of the conducting arm (934 ). The operating 

bands of the mobile antenna (931) can be readily retuned using for example a 

matching network at the feeding point of the antenna. As an alternative, it can be 

preferred to lengthen the arm (934) to retune the operating bands of the mobile 

20 antenna (931 ), while keeping the length of slot (933) constant. In that sense, the 

embodiment in Figure 9c shows a mobile antenna (961) in which the conducting 

arm (964) has been folded as a U shape, while ensuring that the length of the slot 

(963) is shorter than that of the slot (903). In this case, the end of the conducting 

arm (964) does not coincide with the open end of the slot (963), as it was the case 

25 of embodiment in Fig. 9a, where the tip of arm (904) defined the open end of the 

slot (903). Figure 10 presents without any limiting purpose typical antenna 

isolation that can be obtained with a modified mobile antenna like the one in 

Figure 9c, and compares it with the isolation obtained with the original mobile 

antenna (Figure 9a). 

30 

In some cases in order to achieve a good improvement in isolation between 

antennas, the length of a slot, or a conducting stripe, or more generally a 

geometric feature of the mobile antenna which has an associated resonance 

within a band of the wireless connectivity antenna, will be modified (i.e., shortened 
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or enlarged) about a 12%, or about 20%, or even about a 30%, of the original 

length of the said slot, or said conducting stripe, or said geometrical feature of the 

mobile antenna. 

5 In some other embodiments it can be advantageous to increase a dimension of a 

feature of the mobile antenna with an associated resonance at a frequency within 

an operating band of the wireless connectivity antenna. Figure 11 discloses two 

embodiments of a handset comprising a mobile antenna and a wireless 

connectivity antenna that use this technique to improve the antenna isolation. In 

10 the case of Figure 11a, the slot (903) in the original mobile antenna (901) has 

been replaced by a meander-like slot (1103) to make it electrically longer and shift 

the resonance associated to 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-filling curve, a box-

15 counting curve, a grid-dimension curve, or a fractal based curve, to achieve 

maximum size compression. 

The embodiment in Figure 11 b is advantageous in increasing the electrical length 

of the slot (903) of the original mobile antenna (901 ). In this case, the mobile 

20 antenna (1151) comprises a metal stripe (1154) that is placed between the edges 

of the slot (903) and shorted at one end to the main body of the mobile antenna 

(1151) in the region (1155). In certain cases, the metal stripe (1154) will be long 

enough to cover substantially the slot (903), while in other cases the metal stripe 

(1154) will be shorter and be placed in just a portion of the slot (903). The 

25 resulting U-shaped slot will have an associated resonance frequency lower than 

that of the original slot (903). Figure 12 presents without any limiting purpose 

typical antenna isolation that can be obtained with a modified mobile antenna like 

the one in Figure 11 b, and compares it with the isolation obtained with the original 

mobile antenna (Figure 9a). In some embodiments, such a technique improves 

30 the isolation in 4dB or more. 

Some other techniques to enhance the isolation between the mobile antenna and 

the wireless connectivity antenna in a handset or handheld device according to 

the present invention comprise the steps of modifying the geometry of the PCB of 
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the said handset or handheld device to introduce on the said PCB a feature able 

to increase the isolation between antennas in a particular frequency band. 

Figure 13a presents an embodiment of a handset comprising a mobile antenna 

5 (1301), a wireless connectivity antenna (1302) and a PCB (1300), wherein a slot 

(1304) has been created in a ground plane of the said PCB (1300). The slot 

(1304) features an open end. That is, the slot (1304) intersects the perimeter of 

the conducting pattern of the PCB (1300) in at least one point. In other words the 

slot (1304) is not completely surrounded by conducting materials. In this example, 

10 the unfolded length of the slot (1304) has been selected to be approximately a 

quarter of the wavelength at the frequency for which the isolation between 

antennas needs to be enhanced. More generally, the length of the slot (1304) can 

be adjusted to be approximately an odd integer multiple of a quarter of the 

wavelength at the frequency for which a higher level of isolation is needed. 

15 

A purpose of the slot (1304) is to present a high impedance path to the currents 

flowing on the perimeter of the ground plane of the PCB (1300) on which the slot 

(1304) is placed. Therefore, it will be preferred in certain embodiments, in order to 

increase the isolation, to place the slot (1304) at a point along the perimeter of the 

20 ground plane of the PCB (1300) in which the currents flowing from the wireless 

connectivity antenna (1302) towards the mobile antenna (1301) along the 

perimeter of the ground plane of the PCB (1300) are strong. In other 

embodiments, a purpose of shaping the ground plane with for instance one or 

more slots is to alter the phase and amplitude of the coupling and to generate 

25 multiple signal coupling paths such those multiple signals cancel each other. 

Figure 13b discloses another embodiment of a handset comprising a mobile 

antenna (1301), a wireless connectivity antenna (1302) and a PCB (1350), 

wherein a conductive stripe (1354) has been placed above, and substantially 

30 parallel to, the ground plane of the said PCB (1350) and shorted at one end to the 

said PCB (1350). In the example of the figure, the unfolded length of the 

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

wavelength at the frequency for which the isolation between antennas needs to be 

enhanced. Being more general, the length of the conducting stripe (1354) can be 
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adjusted to be approximately an odd integer multiple of a quarter of the 

wavelength at the frequency for which a higher level of isolation is needed. 

Similarly to the slot (1304) in Figure 13a, a purpose of the conducting stripe (1354) 

5 is to present a high impedance path to the currents flowing on the ground plane of 

the PCB (1350) from the wireless connectivity antenna (1302) towards the mobile 

antenna (1301 ). Therefore, it will be advantageous in some cases, to place the 

shorted end of the conducting stripe (1354) at least a distance of approximately a 

quarter of the wavelength at the frequency for which a higher level of isolation is 

10 needed on the path that the currents flowing from the wireless connectivity 

antenna (1302) towards the mobile antenna (1301) follow on the ground plane of 

the PCB (1350). 

Figure 14 presents without any limiting purpose typical antenna isolation that can 

15 be obtained with using a handset with a modified PCB as the one disclosed in 

Figure 13b. Compared with the isolation curve obtained in the original handset 

(Figure 9a), the presence of the shorted conducting stripe (1354) introduces a 

deep notch in the isolation in the region between 2600MHz and 2800MHz where 

the original handset had a poor isolation. 

20 

In other embodiments, the ground plane of the PCB of the handset or handheld 

device can have two or more slots, like the slot (1304) in Figure 13a, or two or 

more conducting stripes shorted to the ground plane of the PCB, like the 

conducting stripe (1354) in Figure 13b. By adjusting the number and length of the 

25 slots or the conducting stripes, the frequency behavior of the isolation between 

antennas can be tailored. In general, for a wide-band behavior, the length of the 

slots or the conducting stripes will be substantially similar. For a multiband 

response with no overlapping between frequency bands, the length of each slot or 

each conducting stripe is associated mainly with the center frequency of a 

30 particular band at which the isolation between antennas needs to be increased. In 

yet other embodiments, a single slot (or a single conducting stripe) with multiple 

branches can be used to obtain an improvement in the isolation with a wideband 

or multiband behavior. 
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In yet other embodiments, the handset or handheld device comprises a mobile 

antenna (1501 ), a wireless connectivity antenna (1502), and a conducting stripe 

(1504) placed in the vicinity of the mobile antenna (1501) and the wireless 

connectivity antenna (1502), but differently from what is disclosed in Figure 13b, 

5 the said conducting stripe (also referred to as parasitic element) is not connected 

to the ground plane of the PCB (1500). In the example of the Figure 15, the 

unfolded length of the conducting stripe (1504) has been selected to be 

approximately a half of the wavelength at the frequency for which the isolation 

between antennas needs to be enhanced. The resonance introduced by the said 

10 conducting stripe (1504) enhances the curve of isolation between antennas (see 

Figure 16, which is provided for the purposes of illustration only and in no way 

meant as a definition of the limits of the invention), improving substantially the 

isolation in the desired band (the 2600MHz - 2800MHz region in this particular 

example). 

15 

In some embodiments of the present invention (see for example Figures 13 and 

15) at least a portion of the slot (1304 ), or a portion of the conducting stripe (1354) 

or (1504) will be preferably shaped as a space-filling curve, a box-counting curve, 

a grid-dimension curve, or a fractal based curve, to achieve maximum size 

20 compression. 

A skilled-in-the-art person will recognize that the techniques disclosed in this 

patent application can be advantageously used to enhance the isolation between 

an antenna for mobile communications and an antenna for wireless connectivity 

25 services not only when the latter is a slot antenna but also for other types of 

antenna topology such as for instance, but not limited to, a monopole antenna, an 

IFA, a patch antenna or a PIFA 

Generally, the present invention can facilitate the integration of the antennas 

30 inside several kinds of handsets or handheld devices so that the antennas can be 

arranged in a way that it is compatible with high density of components on the 

PCB of the device. For miniaturization purposes, at least a portion of the curve 

defining the conducting trace, conducting wire or contour of the conducting sheet 

of at least one antenna of the handset or handheld device will advantageously be 
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a space-filling curve, a box-counting curve, a grid-dimension curve, or a fractal 

based curve. The conducting trace, conducting wire or contour of the conducting 

sheet of said at least one antenna might take the form of a single curve, or might 

branch-out in two or more curves, which at the same time in some embodiments 

5 will be also of the space-filling, box-counting, grid-dimension, or fractal kinds. 

Additionally, in some embodiments a part of the curve will be coupled either 

through direct contact or electromagnetic coupling to a conducting polygonal or 

multilevel surface. 

10 The teachings disclosed in the present patent application facilitate the adoption of 

the wireless functionality in handsets and other handheld devices. Handset and 

handheld device manufactures will benefit from the commercialization of such 

products with value-added features and that enjoy of stronger customer 

preference. In a platform like the one of a handset for mobile communications in 

15 which the efficient use of small-sized PCBs is paramount, the integration of a 

wireless connectivity antenna according to the present invention offers the benefit 

of small area overheads (i.e., smaller overall size of the handheld device), which 

translates into lower cost. Moreover, the enhanced isolation between antennas 

attainable using the techniques and teachings of the present invention provide 

20 handset and handheld device manufacturers with more flexibility when designing 

the layout of the PCB of the devices and the placement of the antennas and 

neighboring electronics on the PCB of the devices, reducing the costs of 

integration of the antenna, simplifying the new product development cycle, and 

accelerating the time to market of their new products. 

25 

In some preferred embodiments the handset or handheld device is operating at 

one, two, three or more of the following communication and connectivity services: 

GSM (GSM850, GSM900, GSM1800, American GSM or PCS1900, GSM450), 

UMTS, WCDMA, CDMA, Bluetooth™, IEEE802.11ba, IEEE802.11b, 

30 IEEE802.11 g, WLAN, WiFi, UWB, ZigBee, GPS, Galileo, SDARs, XDARS, 

WiMAX, DAB, FM, DMB, DVB-H. 
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CLAIMS 

1. - A handheld device comprising: 

- a first antenna operating in at least a first frequency band, 

5 - a second antenna operating in at least a second frequency band, 

wherein the said second frequency band is different from the said first 

frequency band; and wherein the said second antenna comprises a slot antenna. 

2. - A handheld device comprising: 

10 - a first antenna operating in at least a first frequency band, 

- a second antenna operating in at least a second frequency band, 

- a printed circuit board including a ground plane, 

wherein the said second frequency band is different from the said first 

frequency band; 

15 wherein the said first antenna is selected from the group consisting 

essentially of monopole antenna, IFA, patch antenna, and PIFA; 

wherein the said second antenna comprises a slot antenna, wherein the 

said slot antenna is included in the ground plane of the said printed circuit board, 

wherein the longest straight segment of the slot is substantially parallel to 

20 the longest edge of the said printed circuit board, wherein one open end of the slot 

is in contact with one edge of the said printed circuit board; 

wherein the width of the rectangular area in which the said slot antenna is 

inscribed, divided by a free-space operating wavelength of the said slot antenna is 

smaller than, or equal to, at least one of the following fractions: 1/10, 1/30, 1/50, 

25 1/60, 1/70, or 1/80; 

wherein the length of the rectangular area in which the said slot antenna is 

inscribed, divided by a free-space operating wavelength of the said slot antenna is 

smaller than, or equal to, at least one of the following fractions: 1 /2, 1 /3, or 1 /4; 

wherein the said handheld device is a mobile handset, operating in at least 

30 one of the following mobile communication and wireless connectivity services: 

GSM (GSM850, GSM900, GSM1800, American GSM or PCS1900, GSM450), 

UMTS, WCDMA, CDMA, Bluetooth™, IEEE802.11ba, IEEE802.11b, 

IEEE802.11 g, WLAN, WiFi, UWB, ZigBee, GPS, Galileo, SDARs, XDARS, 

WiMAX, DAB, FM, DMB. 
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Double Patenting 
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1. A rejection based on double patenting of the "same invention" type finds its support in 

the language of 35 U.S.C. 101 which states that "whoever invents or discovers any new and 

useful process ... may obtain a patent therefor..." (Emphasis added). Thus, the term "same 

invention," in this context, means an invention drawn to identical subject matter. See Miller v. 

Eagle Mfg. Co., 151 U.S. 186 (1894); In re Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970); 

and In re Ockert, 245 F.2d 467, 114 USPQ 330 (CCPA 1957). 

A statutory type (35 U.S.C. 101) double patenting rejection can be overcome by 

canceling or amending the claims that are directed to the same invention so they are no longer 

coextensive in scope. The filing of a terminal disclaimer cannot overcome a double patenting 

rejection based upon 35 U.S.C. 101. 

2. Claims 21-40 are rejected under 35 U.S.C. 101 as claiming the same invention as that of 

claims 1-20 of prior U.S. Patent No. 8,362,960 B2. This is a statutory double patenting rejection. 

Examiner determines that the phrase "capable of transmitting and receiving 

electromagnetic wave signals" in line 3 of claim 21 of the instant invention to be the same as the 

phrase "configured to transmit and receive electromagnetic wave signals" in line 3 of claim 1 of 

U.S. Patent No. 8,362,960 since the terms "capable of' and "configured to" technically derived 

to the same end result and thus result in the same invention. 

Claims 29 and 33 are rejected for the same reason. 
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Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to HOANG V. NGUYEN whose telephone number is (571)272-

1825. The examiner can normally be reached on Mondays-Fridays from 9:00 a.m. to 5:00 p.m .. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Jacob Y. Choi can be reached on (571) 272-2367. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/HOANG V NGUYEN/ 
Primary Examiner, Art Unit 2821 
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AMENDMENTS TO THE CLAIMS 

1-40. (Canceled) 

41. (New) A wireless handheld or portable device comprising: 

a ground plane; 

the ground plane is inscribed in a rectangular area comprising a first side and a second 

side, a length of the second side being greater than a length of the first side; 

a first antenna configured to transmit and receive electromagnetic waves corresponding 

to at least three frequency bands; 

the at least three frequency bands being used for mobile communication services; 

a second antenna configured to receive electromagnetic waves corresponding to at least 

one frequency band; 

the at least one frequency band being used for wireless connectivity services; 

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

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

the first antenna is arranged substantially close to the first side; and 

the first antenna and the second antenna are located internally within the wireless 

handheld or portable device. 

42. (New) The wireless handheld or portable device according to claim 41, wherein 

the second antenna is arranged substantially close to the second side. 

43. (New) The wireless handheld or portable device according to claim 42, wherein 

the second antenna is arranged substantially close to a corner of the rectangular area. 

44. (New) The wireless handheld or portable device according to claim 41, wherein 

the first antenna is arranged substantially close to a corner of the rectangular area. 

45. (New) The wireless handheld or portable device according to claim 41, wherein 

the first antenna is an antenna selected from the group comprising: a monopole antenna, an 

inverted-F antenna, a patch antenna, and a planar inverted-F antenna. 

2 
6162525v.1 47005-P040WUSC2 
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46. (New) The wireless handheld or portable device according to claim 45, wherein 

the second antenna is an antenna selected from the group comprising: a monopole antenna, an 

inverted-F antenna, a patch antenna, and a planar inverted-F antenna. 

47. (New) The wireless handheld or portable device according to claim 41, wherein 

the at least one frequency band used for wireless connectivity services corresponds to at least one 

wireless connectivity service selected from the group comprising: Bluetooth™, IEEE802.lla, 

IEEE802.llb, IEEE802.llg, WLAN, WiFi, UWB, ZigBee, GPS, Galileo, SDARs, XDARS, 

WiMAX, DAB, FM, DVB-H, and DMB. 

48. (New) A portable device comprising: 

a ground plane; 

a first antenna configured to transmit and receive electromagnetic waves corresponding 

to at least three frequency bands; 

the at least three frequency bands being used for mobile communication services; 

a second antenna configured to operate in at least one frequency band; 

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

device; 

a length of a second side of the portable device is greater than a length of the first side of 

the portable device; 

the first antenna is arranged substantially close to the first side of the portable device; 

the second antenna is arranged substantially close to a first comer of the portable device; 

the first comer of the portable device corresponding to a first end of the first side with an 

end of the second side of the portable device; and 

the first antenna and the second antenna are located internally within the portable device. 

49. (New) The portable device according to claim 48, wherein a portion of an 

orthogonal projection of the first antenna on a plane containing the ground plane does not 

overlap with the ground plane. 

6162525v.1 47005-P040WUSC2 
DALLAS_l 6162525vl 
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50. (New) The portable device according to claim 48, wherein the second antenna 

extends in a direction substantially parallel to the first side. 

51. (New) The portable device according to claim 50, wherein the first antenna is 

arranged substantially close to a second corner of the portable device, and said second corner 

corresponding to a second end of the first side with an end of a third side of the portable device. 

52. (New) The portable device according to claim 48, wherein the at least one 

frequency band is used for a mobile communication service, and said at least one frequency band 

being different from the at least three frequency bands. 

53. (New) The portable device according to claim 48, wherein the first antenna is an 

antenna selected from the group comprising: a monopole antenna, an inverted-F antenna, a patch 

antenna, and a planar inverted-F antenna. 

54. (New) The portable device according to claim 53, wherein the second antenna is 

an antenna selected from the group comprising: a monopole antenna, an inverted-F antenna, a 

patch antenna, and a planar inverted-F antenna. 

55. (New) A wireless handheld or portable device comprising: 

a ground plane; 

the ground plane is inscribed in a rectangular area comprising a first side, a second side 

and a third side, a length of the second side being greater than a length of the first side and a 

length of the third side; 

a first antenna configured to transmit and receive electromagnetic waves corresponding 

to at least two frequency bands; 

the at least two frequency bands being used for mobile communication services; 

a second antenna configured to operate in at least one frequency band; 

the at least one frequency band being different from the at least two frequency bands; 

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

the first antenna is arranged substantially close to the first side; 

6162525v.1 47005-P040WUSC2 
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the second antenna extends in a direction substantially parallel to the third side; 

the second antenna is arranged substantially close to the third side; 

a geometry of the first antenna being different than a geometry of the second antenna; 

at least one of the first antenna and the second antenna is arranged substantially close to a 

comer of the rectangular area; and 

the first antenna and the second antenna are located internally within the wireless 

handheld or portable device. 

56. (New) The wireless handheld or portable device according to claim 55, wherein 

the first antenna is substantially close to a first comer of the rectangular area and the second 

antenna is substantially close to a second comer of the rectangular area. 

57. (New) The wireless handheld or portable device according to claim 55, wherein 

the first antenna is configured to transmit and receive electromagnetic waves corresponding to at 

least three frequency bands, and the at least three frequency bands being used for mobile 

communication services. 

58. (New) The wireless handheld or portable device according to claim 55, wherein 

the at least one frequency band is used for a wireless connectivity service selected from the 

group comprising: Bluetooth™, IEEE802.lla, IEEE802.llb, IEEE802.llg, WLAN, WiFi, 

UWB, ZigBee, GPS, Galileo, SDARs, XDARS, WiMAX, DAB, FM, DVB-H, and DMB. 

59. (New) The wireless handheld or portable device according to claim 55, wherein 

the first antenna is an antenna selected from the group comprising: a monopole antenna, an 

inverted-F antenna, a patch antenna, and a planar inverted-F antenna. 

60. (New) The wireless handheld or portable device according to claim 59, wherein 

the second antenna is an antenna selected from the group comprising: a monopole antenna, an 

inverted-F antenna, a patch antenna, and a planar inverted-F antenna. 

6162525v.1 47005-P040WUSC2 
DALLAS_l 6162525vl 
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REMARKS 

Claims 41-60 are currently pending in the application. New claims 41-60 have been 

added. Claims 21-40 have been canceled. Applicant respectfully submits that no new matter has 

been added. Applicant respectfully requests reconsideration of the application in view of the 

foregoing amendments and the following remarks. 

Claims 21-40 stand rejected on the grounds of 35 U.S.C. 101 double patenting as 

claiming the same invention as that of claims 1-20 of U.S. Patent No. 8,362,960. Claims 21-40 

have been canceled, thus rendering the 35 U.S.C. 101 double patenting rejection thereof moot. 

In view of the above, Applicant respectfully submits that the present application is in 

condition for allowance. A Notice to that effect is respectfully requested. 

Dated: October 3, 2013 

6162525v.1 47005-P040WUSC2 
DALLAS_l 6162525vl 

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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The present application is being examined under the pre-AIA first to invent provisions. 

Claim Rejections - 35 USC§ 102 

1. The following is a quotation of the appropriate paragraphs of pre-AIA 35 U.S.C. 102 that 

form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(b) the invention was patented or described in a printed publication in this or a foreign country or in 
public use or on sale in this country, more than one year prior to the date of application for patent in the 
United States. 

2. Claims 55-60 are rejected under pre-AIA 35 U.S.C. 102(b) as being anticipated by Honda 

et al (US 6,992,627 Bl). 

Regarding claim 55, Honda (Figure 4) discloses a wireless handheld or portable device 

comprising a ground plane 20; the ground plane is inscribed in a rectangular area comprising a 

first side (right short side), a second side (long side) and a third side (left short side), a length of 

the second side being greater than a length of the first side and a length of the third side; a first 

antenna 54 configured to transmit and receive electromagnetic waves corresponding 

to at least two frequency bands (col 5, lines 30-36); the at least two frequency bands being used 

for mobile communication services; a second antenna 14 configured to operate in at least one 

frequency band; the at least one frequency band being different from the at least two frequency 

bands ( col 4, lines 51-52); the first antenna extends in a direction substantially parallel to the first 

side; the first antenna is arranged substantially close to the first side; the second antenna extends 

in a direction substantially parallel to the third side; the second antenna is arranged substantially 

close to the third side; a geometry of the first antenna being different than a geometry of the 
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second antenna; at least one of the first antenna and the second antenna is arranged substantially 

close to a comer of the rectangular area; and the first antenna and the second antenna are located 

internally within the wireless handheld or portable device. 

Regarding claim 56, as applied to claim 55, Figure 4 of Honda shows that the first 

antenna 54 is substantially close to a first corner of the rectangular area and the second 

antenna 14 is substantially close to a second comer of the rectangular area. 

Regarding claim 57, as applied to claim 55, Honda (col 5, lines 30-36) teaches that the 

first antenna 54 is configured to transmit and receive electromagnetic waves corresponding to at 

least three frequency bands, and the at least three frequency bands being used for mobile 

communication services. 

Regarding claim 58, as applied to claim 55, Honda (col 4, lines 51-52 and col5, lines 30-

36) teaches that the at least one frequency band is used for a wireless connectivity service 

selected from the group comprising: Bluetooth ™· IEEES02. l la, IEEES02. l lb, IEEES02. l lg, 

WLAN, WiFi, UWB, ZigBee, GPS, Galileo, SDARs, XDARS, WiMAX, DAB, FM, DVB-H, 

andDMB. 

Regarding claim 59, as applied to claim 55, Figure 4 of Honda shows that the first 

antenna is an antenna selected from the group comprising: a monopole antenna, an inverted-F 

antenna, a patch antenna, and a planar inverted-F antenna. 

Regarding claim 60, as applied to claim 59, Figure 4 of Honda shows that the second 

antenna is an antenna selected from the group comprising: a monopole antenna, an inverted-F 

antenna, a patch antenna, and a planar inverted-F antenna. 
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3. Claims 41-54 are allowed. 

Page 4 

Allowable Subject Matter 

4. The following is a statement of reasons for the indication of allowable subject matter: 

Regarding claim 41, Honda discloses a wireless handheld or portable device comprising a 

ground plane; the ground plane is inscribed in a rectangular area comprising a first side and a 

second side, a length of the second side being greater than a length of the first side; a first 

antenna configured to transmit and receive electromagnetic waves corresponding to at least three 

frequency bands; the at least three frequency bands being used for mobile communication 

services; a second antenna configured to receive electromagnetic waves corresponding to at least 

one frequency band; the at least one frequency band being used for wireless connectivity 

services; the first antenna extends in a direction substantially parallel to the first side; the first 

antenna is arranged substantially close to the first side; and the first antenna and the second 

antenna are located internally within the wireless handheld or portable device. Honda, however, 

fails to specifically teach that the second antenna extends in a direction substantially parallel to 

the second side. 

Claims 42-47 are allowed for depending on claim 41. 

Regarding claim 48, Honda discloses a portable device comprising a ground plane; a first 

antenna configured to transmit and receive electromagnetic waves corresponding 

to at least three frequency bands; the at least three frequency bands being used for mobile 

communication services; a second antenna configured to operate in at least one frequency band; 

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

a length of a second side of the portable device is greater than a length of the first side of the 
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portable device; the first antenna is arranged substantially close to the first side of the portable 

device; and the first antenna and the second antenna are located internally within the portable 

device. Honda, however, fails to specifically teach that the second antenna is arranged 

substantially close to a first corner of the portable device; the first corner of the portable device 

corresponding to a first end of the first side with an end of the second side of the portable device. 

Claims 49-54 are allowed for depending on claim 48. 

Conclusion 

5. Applicant's amendment necessitated the new ground(s) ofrejection presented in this 

Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). 

Applicant is reminded of the extension of time policy as set forth in 37 CPR 1.136( a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 

MONTHS of the mailing date of this final action and the advisory action is not mailed until after 

the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 

will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 

CPR l .136(a) will be calculated from the mailing date of the advisory action. In no event, 

however, will the statutory period for reply expire later than SIX MONTHS from the date of this 

final action. 

6. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to HOANG V. NGUYEN whose telephone number is (571)272-

1825. The examiner can normally be reached on Mondays-Fridays from 9:00 a.m. to 5:00 p.m .. 
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supervisor, Jacob Y. Choi can be reached on (571) 272-2367. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/HOANG V NGUYEN/ 
Primary Examiner, Art Unit 2845 
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(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Josep Mumbru et al. 
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Filed: December 18, 2012 

For: HANDHELD DEVICE WITH TWO 
ANTENNAS, AND METHOD OF 
ENHANCING THE ISOLATION BETWEEN 
THE ANTENNAS 

Confirmation No. 8109 

Art Unit: 2845 

Examiner: H. V. Nguyen 

AMENDMENT AFTER FINAL ACTION 

MSAF 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Madam: 

INTRODUCTORY COMMENTS 

In response to the Office Action dated October 23, 2013, please amend the above­

identified U.S. patent application as follows: 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 

of this paper. 

Remarks/Arguments begin on page 7 of this paper. 
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Application No. 13/718,348 Docket No.: 47005-P040WUSC2 

AMENDMENTS TO THE CLAIMS 

1-40. (Canceled) 

41. (Previously Presented) A wireless handheld or portable device comprising: 

a ground plane; 

the ground plane is inscribed in a rectangular area comprising a first side and a second 

side, a length of the second side being greater than a length of the first side; 

a first antenna configured to transmit and receive electromagnetic waves corresponding 

to at least three frequency bands; 

the at least three frequency bands being used for mobile communication services; 

a second antenna configured to receive electromagnetic waves corresponding to at least 

one frequency band; 

the at least one frequency band being used for wireless connectivity services; 

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

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

the first antenna is arranged substantially close to the first side; and 

the first antenna and the second antenna are located internally within the wireless 

handheld or portable device. 

42. (Previously Presented) The wireless handheld or portable device according to 

claim 41, wherein the second antenna is arranged substantially close to the second side. 

43. (Previously Presented) The wireless handheld or portable device according to 

claim 42, wherein the second antenna is arranged substantially close to a corner of the 

rectangular area. 

44. (Previously Presented) The wireless handheld or portable device according to 

claim 41, wherein the first antenna is arranged substantially close to a corner of the rectangular 

area. 

2 
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45. (Previously Presented) The wireless handheld or portable device according to 

claim 41, wherein the first antenna is an antenna selected from the group comprising: a 

monopole antenna, an inverted-F antenna, a patch antenna, and a planar inverted-F antenna. 

46. (Previously Presented) The wireless handheld or portable device according to 

claim 45, wherein the second antenna is an antenna selected from the group comprising: a 

monopole antenna, an inverted-F antenna, a patch antenna, and a planar inverted-F antenna. 

47. (Previously Presented) The wireless handheld or portable device according to 

claim 41, wherein the at least one frequency band used for wireless connectivity services 

corresponds to at least one wireless connectivity service selected from the group comprising: 

Bluetooth™, IEEE802.lla, IEEE802.llb, IEEE802.llg, WLAN, WiFi, UWB, ZigBee, GPS, 

Galileo, SDARs, XDARS, WiMAX, DAB, FM, DVB-H, and DMB. 

48. (Previously Presented) A portable device comprising: 

a ground plane; 

a first antenna configured to transmit and receive electromagnetic waves corresponding 

to at least three frequency bands; 

the at least three frequency bands being used for mobile communication services; 

a second antenna configured to operate in at least one frequency band; 

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

device; 

a length of a second side of the portable device is greater than a length of the first side of 

the portable device; 

the first antenna is arranged substantially close to the first side of the portable device; 

the second antenna is arranged substantially close to a first comer of the portable device; 

the first comer of the portable device corresponding to a first end of the first side with an 

end of the second side of the portable device; and 

the first antenna and the second antenna are located internally within the portable device. 
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49. (Previously Presented) The portable device according to claim 48, wherein a 

portion of an orthogonal projection of the first antenna on a plane containing the ground plane 

does not overlap with the ground plane. 

50. (Currently Amended) The portable device according to claim 48, wherein the 

second antenna is substantially close to the first side of the portable device and extends in a 

direction substantially parallel to the first side of the portable device. 

51. (Canceled) 

52. (Previously Presented) The portable device according to claim 48, wherein the at 

least one frequency band is used for a mobile communication service, and said at least one 

frequency band being different from the at least three frequency bands. 

53. (Previously Presented) The portable device according to claim 48, wherein the 

first antenna is an antenna selected from the group comprising: a monopole antenna, an inverted­

F antenna, a patch antenna, and a planar inverted-F antenna. 

54. (Previously Presented) The portable device according to claim 53, wherein the 

second antenna is an antenna selected from the group comprising: a monopole antenna, an 

inverted-F antenna, a patch antenna, and a planar inverted-F antenna. 

55. (Currently Amended) A wireless handheld or portable device comprising: 

a ground plane; 

the ground plane is inscribed in a first rectangular area comprising a first side, a second 

side and a third side, a length of the second side being greater than a length of the first side and a 

length of the third side; 

a first antenna configured to transmit and receive electromagnetic waves corresponding 

to at least two frequency bands; 

the at least two frequency bands being used for mobile communication services; 

a second antenna configured to operate in at least one frequency band; 

the at least one frequency band being different from the at least two frequency bands; 
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the first antenna extends in a direction substantially parallel to the first side; 

the first antenna is proximate arranged substantially close to the first side; 

the second antenna extends in a direction substantially parallel to the third side; 

the second antenna is proximate arranged substantially close to the third side; 

the second antenna is inscribed in a second rectangular area; 

a sum of a length and a width of the second rectangular area is smaller than a quarter of 

an operating wavelength of the second antenna; 

a geometry of the first antenna being different than a geometry of the second antenna; 

at least one of the first antenna and the second antenna is proximate arranged 

substantially close to a comer of the first rectangular area; and 

the first antenna and the second antenna are located internally within the wireless 

handheld or portable device. 

56. (Currently Amended) The wireless handheld or portable device according to 

claim 55, wherein the first antenna is proximate substantially close to a first comer of the first 

rectangular area and the second antenna is proximate substantially close to a second comer of the 

first rectangular area. 

57. (Currently Amended) The wireless handheld or portable device according to 

claim 55, wherein the second antenna is contained in a plane substantially parallel to a plane 

containing the ground plane the first antenna is configured to transmit and receive 

electromagnetic waves corresponding to at least three frequency bands, and the at least three 

frequency bands being used for mobile communication services. 

58. (Previously Presented) The wireless handheld or portable device according to 

claim 55, wherein the at least one frequency band is used for a wireless connectivity service 

selected from the group comprising: Bluetooth™, IEEE802.lla, IEEE802.llb, IEEE802.llg, 

WLAN, WiFi, UWB, ZigBee, GPS, Galileo, SDARs, XDARS, WiMAX, DAB, FM, DVB-H, 

andDMB. 
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59. (Previously Presented) The wireless handheld or portable device according to 

claim 55, wherein the first antenna is an antenna selected from the group comprising: a 

monopole antenna, an inverted-F antenna, a patch antenna, and a planar inverted-F antenna. 

60. (Previously Presented) The wireless handheld or portable device according to 

claim 59, wherein the second antenna is an antenna selected from the group comprising: a 

monopole antenna, an inverted-F antenna, a patch antenna, and a planar inverted-F antenna. 

61. (New) The wireless handheld or portable device according to claim 55, wherein 

the second antenna is fitted over a curved surface. 
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REMARKS 

Reconsideration of the application is respectfully requested. Claims 41-50 and 52-61 are 

currently pending in the application. Claims 50 and 55-57 have been amended. Claim 51 has 

been canceled. New claim 61 has been added. Applicant respectfully submits that no new 

matter has been added. 

I. Allowed Claims 

The Examiner has indicated that claims 41-54 are allowed. Applicant thanks the 

Examiner for the indication of allowable subject matter. 

II. Rejection under 35 USC § 102 

Claims 55-60 stand rejected under 35 U.S.C. 102(b) as anticipated by U.S. Patent No. 

6,992,627 to Honda et al. ("Honda"). 

Independent claim 55 relates to a wireless handheld or portable device. Applicant 

respectfully submits that Honda fails to disclose at least the features of amended independent 

claim 55 of "the second antenna is inscribed in a second rectangular area ... a sum of a length 

and a width of the second rectangular area is smaller than a quarter of an operating wavelength 

of the second antenna." 

Honda teaches a resonator element (14) having a pair of opposed surfaces (16,18), 

wherein a first conductor trace (26) is disposed upon the surface (16) of the resonator element 

(14), and the second conductor traces (28) are disposed upon the opposite surface (18) of the 

resonator element (14). 1 The first conductor trace element (26) is an electrical quarter wave 

resonator for 1575 MHz and the second conductor trace elements (28) form a feed network.2 

The rectangular area in which the resonator element (14) is inscribed features a length that is 

greater than a quarter wavelength since the second conductor trace elements (28) are larger than 

the first conductor trace element (26) and the first conductor trace element corresponds to a 

quarter wave resonator. Therefore, Honda fails to disclose a second antenna (the resonator 

element (14) that is inscribed in a second rectangular area, a sum of a length and a width of the 

1 Honda, Col. 4, lines 24-36, lines 51-69. 
2 Honda, Fig. 2, Col. 5, lines 7-11. 

6225055v.l 47005-P040WUSC2 
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second rectangular area is smaller than a quarter of an operating wavelength of the second 

antenna as required by amended independent claim 55. For the reason set forth above, Applicant 

respectfully submits that amended independent claim 55 patentably distinguishes over Honda 

and is in condition for allowance. 

Dependent claims 56-61 depend from and further limit amended independent claim 55 in 

a patentable sense. These dependent claims are therefore deemed to distinguish over Honda for 

at least the same reasons as those set forth above relative to the rejection of amended 

independent claim 55 and are in condition for allowance. 

In addition, Applicant respectfully submits that Honda fails to disclose at least the 

features of dependent claim 57 of "the second antenna is contained in a plane substantially 

parallel to a plane containing the ground plane." According to Honda, a first resonator element 

(14) is arranged on a first side of a wireless communications device and a second antenna (54) is 

disposed at an end opposite to the first resonator element (14).3 In this arrangement illustrated in 

Fig.4, the resonator element (14) is disposed in a substantially perpendicular relationship to the 

ground plane element (20).4 Thus, Honda fails to disclose that the second antenna (in this case, 

the first resonator element, 14) is contained in a plane substantially parallel to a plane containing 

the ground plane as required by dependent claim 57. For at least this additional reason, 

Applicant respectfully submits that dependent claim 57 patentably distinguishes over Honda and 

is in condition for allowance. 

In another embodiment (Honda, Fig.6), Honda discloses a GPS band antenna (14) and a 

wireless frequency band antenna (54), wherein the GPS band antenna is contained in a plane 

substantially parallel to a plane containing the ground plane element (20). However, the wireless 

frequency band antenna (54) is not disposed at an end opposite to the GPS antenna (14) as 

required by amended independent claim 55. Moreover, Honda is silent regarding arranging the 

GPS band antenna substantially parallel to the ground plane, when the wireless frequency band 

antenna (54) is disposed at an end opposite to the GPS band antenna (14). According to the 

3 Honda, Col. 5, lines 16-24. 
4 Honda, Col. 4, lines 24-26. 
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disclosure of Honda, the skilled in the art would arrange the GPS antenna as in Fig. 4 or as in 

Fig. 6 but not as required by dependent claim 57. 

Newly added claim 61, which depends from amended independent claim 55, requires that 

the second antenna is fitted over a curved surface. In contrast, the wireless frequency band 

antenna (54) taught by Honda is fitted over a planar surface that is the dielectric substrate (56), 

and the GPS band antenna (14) is also fitted over a planar surface, particularly it is fitted over 

substrate (40). Thus, Honda fails to disclose the second antenna being fitted over a curved 

surface as required by new dependent claim 61. For the reason set forth above, Applicant 

respectfully submits that new dependent claim 61 patentably distinguishes over Honda and is in 

condition for allowance. 

In view of the above, Applicant respectfully submits that the present application is in 

condition for allowance. A Notice to that effect is respectfully requested. 

Dated: January 22, 2014 

6225055v.1 47005-P040WUSC2 

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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Application No. 
13/718,348 

Applicant(s) 
MUMBRU ET AL. 

Notice of Allowability Examiner 
HOANG V. NGUYEN 

Art Unit 
2845 

AIA (First Inventor to 
File) Status 

No 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1. [gl This communication is responsive to RCE filed on 1/22/2014. 

DA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on ___ . 

2. D An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the restriction 
requirement and election have been incorporated into this action. 

3. [gl The allowed claim(s) is/are 41-50 and 52-61. As a result of the allowed claim(s), you may be eligible to benefit from the Patent 
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information, 
please see ~;ttp:i/www.uspto.gov/patentsiinit events/pph/index.is_p or send an inquiry to PPHfeedback(a)uspto.aov. 

4. [gl Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) [gl All b) D Some *c) D None of the: 

1. [gl Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of 
each sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121 {d). 

6. □ DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

2. D Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

3. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

4. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

/HOANG V NGUYEN/ 
Primary Examiner, Art Unit 2845 

U.S. Patent and Trademark Office 

5. D Examiner's Amendment/Comment 

6. [gl Examiner's Statement of Reasons for Allowance 

7. D Other __ . 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 012814 
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Art Unit: 2845 

Page 2 

The present application is being examined under the pre-AIA first to invent provisions. 

Allowable Subject Matter 

1. Claims 41-50 and 52-61 are allowed. 

2. The following is an examiner's statement ofreasons for allowance: 

Regarding claim 55, Honda et al (US 6,992,627 B 1) discloses a wireless handheld or 

portable device comprising a ground plane; the ground plane is inscribed in a first rectangular 

area comprising a first side, a second side and a third side, a length of the second side being 

greater than a length of the first side and a length of the third side; a first antenna configured to 

transmit and receive electromagnetic waves corresponding to at least two frequency bands; the at 

least two frequency bands being used for mobile communication services; a second antenna 

configured to operate in at least one frequency band; the at least one frequency band being 

different from the at least two frequency bands; the first antenna extends in a direction 

substantially parallel to the first side; the first antenna is proximate to the first side; the second 

antenna extends in a direction substantially parallel to the third side; the second antenna is 

proximate to the third side; a geometry of the first antenna being different than a geometry of the 

second antenna; at least one of the first antenna and the second antenna is proximate to a comer 

of the first rectangular area; and the first antenna and the second antenna are located internally 

within the wireless handheld or portable device. Honda, however, fails to further teach that the 

second antenna is inscribed in a second rectangular area; a sum of a length and a width of the 
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second rectangular area is smaller than a quarter of an operating wavelength of the second 

antenna. 

Claims 56-61 are allowed for depending on claim 55. 

Reasons for indicating allowable subject matter for claims 41-50 and 52-54 were 

provided in the previous office action. 

Page 3 

Any comments considered necessary by applicant must be submitted no later than the 

payment of the issue fee and, to avoid processing delays, should preferably accompany the issue 

fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for 

Allowance." 

Inquiry 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to HOANG V. NGUYEN whose telephone number is (571)272-

1825. The examiner can normally be reached on Mondays-Fridays from 9:00 a.m. to 5:00 p.m .. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Jacob Y. Choi can be reached on (571) 272-2367. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 
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like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/HOANG V NGUYEN/ 
Primary Examiner, Art Unit 2845 

Page 4 
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an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

\I\N\/W.uspto.gov 

Application No. : 13718348 
Applicant : Mumbru 

Filing Date : 12/18/2012 
Date Mailed : 05/05/2014 

NOTICE TO FILE CORRECTED APPLICATION PAPERS 

Notice of Allowance Mailed 

This application has been accorded an Allowance Date and is being prepared for issuance. The 
application, however, is incomplete for the reasons below. 

Applicant is given two (2) months from the mail date of this Notice within which to respond. This 
time period for reply is extendable under 37 CFR 1.136(a) for only TWO additional MONTHS. 

The informalities requiring correction are indicated in the attachment(s). If the informality pertains to the 
abstract, specification (including claims) or drawings, the informality must be corrected with an 
amendment in compliance with 37 CFR 1.121 (or, if the application is a reissue application, 37 CFR 
1.173). Such an amendment may be filed after payment of the issue fee if limited to correction of 
informalities noted herein. See Waiver of 3 7 CFR 1. 312 for Documents Required by the Office of Patent 
Publication, 1280 Off. Gaz. Patent Office 918 (March 23, 2004). In addition, if the informality is not 
corrected until after payment of the issue fee, for purposes of 35 U.S.C. 154(b)(l)(iv), "all outstanding 
requirements" will be considered to have been satisfied when the informality has been corrected. A 
failure to respond within the above-identified time period will result in the application being 
ABANDONED. 

See attachment(s). 

A copy of this notice MUST be returned with the reply. Please address response to 
"Mail Stop Issue Fee, Commissioner for Patents, 

/Daxa Patel/ 
Publication Branch 

P.O. Box 1450, Alexandria, VA 22313-1450". 

Office of Data Management 
(571) 272-4200 
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Application No. 13718348 

IDENTIFICATION OF SPECIFICATION/DRAWING INCONSISTENCIES 

D On Page of the specification there is a brief description of FIG. , but the drawings filed do not 
include a drawing with that designation. Applicant must respond either by supplying the 
omitted drawing or by amending the specification to remove all references to that drawing. 

00 The drawings filed 05/22/2013 include FIG. 5 (Figs. (A-B)) and 9A, but the specification's brief 
description of the drawings does not describe a drawing with that designation. Applicant must 
respond either by amending the specification to add a brief description of that drawing or by 
correcting the drawings to remove the drawing in question. 

D Drawings are present in the application and are referred to in the detailed description of the 
invention, but the specification does not contain a brief description of the drawings as required 
by 37 CFR 1.74 and 37 CFR 1.77(b)(8). 

D Page of the specification refers to FIG. , but no drawing with that designation is described in the 
brief description of the drawings and no drawing with that designation is present in the 
application. Applicant must respond either by amending the specification to remove all 
references to that drawing, or by supplying that drawing and amending the specification to add a 
brief description of it. 

0 OTHER: 

00 COMMENTS: 
Specification dated 05/22/2013, page 28 line 1--Figs. (A-B) should read Figs. 5 (A-B). 

Thank you 
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I hereby certify that this paper (along with any paper referred to as being attached 
or enclosed) is being transmitted via the Office electronic filing system in 
accordance with 37 CFR § 1.6(a)(4). 

Dated: May 29, 2014 
Electronic Signature for Shoaib A. Mithani: /Shoaib A. Mithani/ Docket No. 47005-P040WUSC2 

(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Joseph Mumbru et al. 

Application No.: 13/718,348 

Filed: December 18, 2012 

For: HANDHELD DEVICE WITH TWO 
ANTENNAS, AND METHOD OF 
ENHANCING THE ISOLATION BETWEEN 
THE ANTENNAS 

Confirmation No.: 8109 

Art Unit: 2845 

Examiner: H. V. Nguyen 

AMENDMENT AFTER ALLOWANCE 

MS Issue Fee 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Madam: 

INTRODUCTORY COMMENTS 

Prior to issuance of the patent and in response to the Notice to File Corrected Application 

papers mailed May 5, 2014, Applicant respectfully requests entry on this amendment under 37 

C.F.R. 1.312 for the above-captioned patent application. 

Amendments to the Specification begin on page 2 of this paper. 

Remarks/Arguments begin on page 3 of this paper. 

6303303v.1 47005-P040WUSC2 
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I hereby certify that this paper (along with any paper referred to as being attached 
or enclosed) is being transmitted via the Office electronic filing system in 
accordance with 37 CFR § 1.6(a)(4). 

Dated: May 29, 2014 
Electronic Signature for Shoaib A. Mithani: /Shoaib A. Mithani/ Docket No. 47005-P040WUSC2 

(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Joseph Mumbru et al. 

Application No.: 13/718,348 

Filed: December 18, 2012 

For: HANDHELD DEVICE WITH TWO 
ANTENNAS, AND METHOD OF 
ENHANCING THE ISOLATION BETWEEN 
THE ANTENNAS 

Confirmation No.: 8109 

Art Unit: 2845 

Examiner: H. V. Nguyen 

AMENDMENT AFTER ALLOWANCE 

MS Issue Fee 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Madam: 

INTRODUCTORY COMMENTS 

Prior to issuance of the patent and in response to the Notice to File Corrected Application 

papers mailed May 5, 2014, Applicant respectfully requests entry on this amendment under 37 

C.F.R. 1.312 for the above-captioned patent application. 

Amendments to the Specification begin on page 2 of this paper. 

Remarks/Arguments begin on page 3 of this paper. 

6303303v.1 47005-P040WUSC2 
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Application No. 13/718,348 Docket No.: 47005-P040WUSC2 

AMENDMENTS TO THE SPECIFICATION 

Please amend paragraph at page 28, lines 1-5 as follows: 

Figs. ~ (A-B) - Typical electrical performance of the antennas of the handset shown in 

Figs. 1 (A-B): (Fig. SA) Return loss of each antenna and isolation between antennas when the 

handset is in closed position; and (Fig. SB) return loss of each antenna and isolation between 

antennas when the handset is in open position. 

Please amend paragraph at page 28, lines 20-26 as follows: 

Figs. 9(A-C) - (Fig. 9A) Detailed view of an example of a handset comprising a first 

antenna for mobile communications and a second antenna for wireless connectivity services. The 

geometry of the antenna for mobile communications can be tailored according to the teachings of 

the present invention to enhance the isolation with the antenna for wireless connectivity services 

by (Fig. 9B) modifying the dimensions of an arm of the mobile antenna; or (Fig. 9C) folding an 

arm of the mobile antenna. 

2 
6303303v.1 47005-P040WUSC2 
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Application No. 13/718,348 Docket No.: 47005-P040WUSC2 

REMARKS 

It is submitted that no new matter has been added by the amendments made by this 

Amendment After Allowance. In the event the U.S. Patent and Trademark Office determines 

that an extension is required, Applicant petitions for any required relief including extensions of 

time and authorizes the Commissioner to charge the cost of such petitions and/or other fees due 

in connection with the filing of this document to Deposit Account No. 23-2426 referencing 

docket no. 47005-P040WUSC2. 

Dated: May 29, 2014 

6303303v.1 47005-P040WUSC2 

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 

3 
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Electronic Acknowledgement Receipt 

EFSID: 19160714 

Application Number: 13718348 

International Application Number: 

Confirmation Number: 8109 
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HAN DH ELD DEVICE WITH TWO ANTENNAS, AND METHOD OF ENHANCING 
THE ISOLATION BETWEEN THE ANTENNAS 

First Named Inventor/Applicant Name: Josep Mumbru 

Customer Number: 61060 

Filer: Shoaib Amirali Mithani 

Filer Authorized By: 

Attorney Docket Number: 47005-P040WUSC2 

Receipt Date: 29-MAY-2014 

Filing Date: 18-DEC-2012 

Time Stamp: 15:50:24 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

20349 

1 Miscellaneous Incoming Letter 47005CorrectedAppPapers.pdf no 1 
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Warnings: 
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(Rule312) ce.pdf 
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Warnings: 

Information: 

Total Files Size (in bytes) 47825 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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I hereby certify that this paper (along with any paper referred to as being attached 
or enclosed) is being transmitted via the Office electronic filing system in 
accordance with 37 CFR § 1.6(a)(4). 

Dated: May 29, 2014 
Electronic Signature for Shoaib A. Mithani: /Shoaib A. Mithani/ Docket No.: 47005-P040WUSC2 

(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Joseph Mumbru et al. 

Application No.: 13/718,348 

Filed: December 18, 2012 

Confirmation No.: 8109 

Art Unit: 2845 

For: HANDHELD DEVICE WITH TWO 
ANTENNAS, AND METHOD OF 
ENHANCING THE ISOLATION BETWEEN 
THE ANTENNAS 

Examiner: H. V. Nguyen 

RESPONSE TO NOTICE TO FILE CORRECTED APPLICATION PAPERS 

MS Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Madam: 

In response to the Notice to File Corrected Application Papers mailed May 5, 2014, 

Applicant respectfully submits an Amendment After Allowance. No new matter has been added. 

The Director is hereby authorized to charge any deficiency in the fees filed, asserted to be filed 

or which should have been filed herewith ( or with any paper hereafter filed in this application by 

this firm) to our Deposit Account No. 23-2426, under Order No. 47005-P040WUSC2. 

Dated: May 29, 2014 

6303322v.1 47005-P040WUSC2 

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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DALLAS, TX 75313 

FILING DATE FIRST NAMED INVENTOR 

12/18/2012 Joscp Mumbru 

06/02/2014 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Bo, I 450 
Alexandria, Virginia 223 )3. I 450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

47005-P040WUSC2 8109 

EXAMINER 

NGUYEN, HOANG V 

ART UNIT PAPER NUMBER 

2845 

MAIL DATE DELIVERY MODE 

06/02/2014 PAPER 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

PTOL-90A (Rev. 04/07) 
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Response to Rule 312 Communication 

Application No. 

13/718,348 

Examiner 

Applicant(s) 

JOSEPH M. 

Art Unit 

•· The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -

1. [8J The amendment filed on 29 May 2014 under 37 CFR 1.312 has been considered, and has been: 

a) [8J entered. 

b) D entered as directed to matters of form not affecting the scope of the invention. 

c) D disapproved because the amendment was filed after the payment of the issue fee. 

Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1) 

. and the required fee to withdraw the application from issue. 

d) D disapproved. See explanation below: 

e) D entered in part. See explanation below. 

B.Crittenden 

U.S. Patent and Trademarl< Office 
PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No. 
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United States Patent and Trademark Office 
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P.O. Box 1450 
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www .uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

47005-P040WUSC2 8109 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the 
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee 
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management 
(ODM) at (571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Josep Mumbru, Barcelona, SPAIN; 
J aume Anguera, Castellon, SPAIN; 
Jordi Soler, Sant Cugat del Valles, SPAIN; 
Carles Puente, Sant Cugat del Valles, SPAIN; 
FRACTUS, S.A., Sant Cugat del Valles, SPAIN 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 

IR103 (Rev. 10/09) 
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TN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 223 13-1450 

REVOCATION Ol? POWER 01? ATTORNEY 
AND NEW POWER OF ATTORNEY BY ASSIGNEE 

ANl) STATEMENT UNDER 37 C.F.R. §3.73(c) (pre-A.IA §3.73(b)) 

The Assignee of the entire right, title, and interest in the applications identified in the 

attached Schedule A hereby revoke all previously granted powers of attorney given in said 

applications and grant the registered practitioners of EDELL, SHAPlRO & FINNAN,. LLC 

included in the Customer Number provided below, power to act, prosecute, and transact all 

business in the U.S. Patent and Trademark Office in connection with said applications, any 

applications claiming priority to said applications, and any patents issuing therefrom. 

The Assignee ce1tifies that to the best of his knowledge and belief, it is the owner of the 

entire right, title, and interest in said applications as evidenced by assignment previously 

recorded in the U.S. Patent and Trademark Office as listed in Schedule A. 

Please direct all correspondence concerning the applications to: 

EDELL, SHAPIRO & l?JNNAN, LLC 
9801 Washingtonian Boulevard, Suite 750 
Gaithersburg, MD 20878 
(301) 424-3640 

CUSTOMER NUMBER: 27896 

The undersigned (whose titles are supplied below) are empowered to sign this statement 

on behalf of the Assignee. c{J- ___ __(._~~:_:;.:::::_:> 
Date: ~:1 ~,--~t#~'bl"t z,~~ :t:l .. Signature: 

Name: 
Title: 

Ruben Bonet 
President and CEO 

Company: Frnct11s, S.A. 

Pagel of 1 

EX1002 - Page 554



i i i Multiband antenna for hand held i i i i i 
!11/021597 \12/23/2004 1 . \US7486242 !2/3/2009 ! Granted 1016875/0195 ! 
i , ,terminal , i ! i i 

r 12/246964 110/7/2008 lA~~~~~:1:i:~t:~~:r more holes r US7907092 r 15/03/20111 Granted l 021807/0618 I 
~ . .,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,,,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.1,,J . .,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,_ i . .,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,_ : . .,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,_ ~ . .,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,... ..,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,_ ~ . .,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,_ " 

h1/033788 i1;1.2;2005 1Notched-fed antenna ius7342553 13/11/2008 1 Granted 1016169/0040 I 
~ "IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ~ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII>~ "IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ~ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII> ~ "IIIIIIIIIIIIIIIIIIIIIIIII>~ "IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII>~ "IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII> ~ 

111/075980 13/9/2005 1coupled multi band antennas i US7315289 11/1/2008 I Granted 1016596/0954 1 
f ·11IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ~ ·11IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII~ ·11IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIJ lllllllllllllllllllllllllllllllllllllllf ·11IIIIIIIIIIIIIIIIIIIIIIII ~ ·11IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII~ ·11IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ~ 
i ! !integrated circuit package i i i i i 
! 11/040622 ! 1/21/2005 L . . . 1 US7095372 !8/22/2006 ! Granted 1016731/0090 ! 
L--------------------------------------L--------------------------------------------t1 n cl u d Ing_ rn In I at u re_ antenna ----------------'-----------------------------------------L----------------------------1-------------------------------------------------------t--------------------------------------------J 
i i i Multiband monopole antenna for i i i i i 
!11/713324 \3/2/2007 1 b"I . . d . \US7403164 !22/07/2008 i Granted 1016977/0289 ! I _,_ 1a mo __ 1_e_commun1cat1ons_ev1ce_ i _ /2 _ I -1 _, 
112/055748 13/26/2008 1Multib_a

nd 
monop~le ~ntenna_for ius7675470 13/9/2010 I Granted 1020739/0497 I 

~----------------------------------------~--------------------------------------------Ja_mo~1le commun1cat1ons_dev1ce ___ 4 ________________________________________ 4 ______________________________ ~------------------------------------------------------f-------------------------------------------! 

i L )Mult1band monopole antenna for ! i ! ! ! 
,12/652974 i,1./6/2010 i b"I . . d . ,US8253633 ,28/08/2012, Granted ,023760/0594 i 
! _,_ 1a n1o_Le£on1rnun1cat1ons_ev1ce_ I -1 _ J -L-I 

113/029382 117/02/2011 IMultib_a
nd 

monop~le ~ntenna_for lus8259016 19/4/2012 I Granted 1025984/0841 I ~ 
! i !a mobile commun1cat1ons device i ! ! ! ! ~ 
,,,.,,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,,.,..:,,,,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,,..:,,,,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,..,,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,,.,..,,.,,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,,..:,,,,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,,..:,,,,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,., C 
i i :Miniature antenna having a i i i i i c::: 
!12/364066 \2/2/2009 1 . \US8149171 !4/3/2012 ! Granted 1022374/0808 ! r-
i , ,volumetric structure , i i i i m 

r 13/400895 12121/2012 lMilniatur~ antenna having a lus8593349 b6/11/2013 I Granted lo27767/0576 I l> 
i , ivo umetnc structure , i i i i 
r L 1 Multiband monopole antennas for T 1 1 1 1 
,10/584442 i,l.8/07/2006 i b"I . . d . ,US7423592 ,9/9/2008 , Granted ,017963/0702 i 
! -!-tn1o_~e£ommun1cat1ons_ev1ces_!-! _ 1 _ t-! 
I 12/228487 l 13/08/2008 1 Mult:ba

nd 
mon~pol:- anten~as for i US8456365 16/4/2013 1 Granted 1021687 /0563 I 

! , ,mobile communications devices , ! i i i 

lrn/587119 b9/08/2006 JMult_iba
nd 

monopole ant~nn~s for lus7417588 '26/08/2008 r Granted 1019729/0761 l 
L-------------------------------------l-------------------------------------------trnob1le_network_comn1un1cat1on _____ l ________________________________________ L ___________________________ j _____________________________________________________ t--------------------------------------------J 

110/588640 19/8/2006 1Handset with electromagnetic bra lus7456792 '25/11/20081 Granted 1019768/0631 1 
~ ,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,. ~ ,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,., ~ ,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,., ~ ,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,., ~ ,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,., f ,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,., ~ ,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.) 

111/556455 111/3/2006 1~adio _frequency sySt em in packageiusT791539 19/7/2010 1 Granted 1018479/0606 I 
~----------------------------------------' _____________________________________________ j Inc I u d Ing_ antenna ______________________________________ ,,J, ______________________________________ J, ______________________________ L-----------------------------------------------------1---------------------------------------------' 
i ! !Antenna structure for a wireless i i ! i ! 
111/719151 ?3/06/2007 ldevice with a round lane sha ed 1us7782269 124/08/2010 I Granted 1019420/0993 I 
' ------------------------------------.------------------------------------------·' -------------------------g ------------- P ____________ P ..... : ---------------------------------, -------------------------; -------------------------------------------------, -----------------------------------------: 
i , ,Shaped ground plane for radio , i i i , 
!11/793406 17/19/2007 1 \US7932863 !4/26/2011 ! Granted 1019581/0966 ! 
f ...................................... .! ........................................ , a ppa rat us .......................................................... ) ....................................... J .......................... J .................................................... , ........................................ ,,J 

EX1002 - Page 555



!11/886980 13/13/2009 1Antenna contacting assembly !us8193998 !6/5/2012 1 Granted 1022396/0792 1 
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