WO 2010/068178PCT/SG2008/000479 Grid Array Antennas and an Integration Structure Technical
Field This invention relates to grid array antennas and an integration structure for grid Sarray

antennas ang efgrsoggriicularly, though not exclusively, to grid array antarmascimngismawth millimeter
wavelength signals, and a structure for the integration of such antennas. Background The grid array

antenna was first proposed by Kraus in 1964. Singe then, there have 10 been some studies conducted
but all were at relatively low microwave frequencies. Fig. 1 shows the basic grid arrangement. It
consists of rectangular meskeri @lrraicrostipdsnesdmdrdegiatisic Substuade backed by a metallic ground
plane and fed by a metal via through an aperture on the ground plane. Depending on the electrical
length of the sides of the meshes, the grid array antenna may be resonant or non-resonant. 15. For a
resonant griaegn’é')?aéﬁfgﬁna, the sides of the meshes should be one wavelength by a half-wavelength
in the dielectric, anthihéaRiantEfseu s QiteRTIWSIRANE . 60E GhpRigsErn e fig K1888%f the meshes
and in phasargiy thecshestsidesiat thertnesheshoespectivehiudal, resyhd thealoagesitesiof the meshes

behave as microalipiing SlSMEMIANdhaSHAl sdelamt 8shohdadining and mickstip line

elements. The short 20sides will produce the main lobe of radiation in the boresight direction. For
a non-resonant grid array antenna, the length of the short side of the meshes can be slightly more than
one-third weRetsatnand the length of the long side of the meshes should be two times longer but
three times shortertthagritherigngtapitihasherpaigeset thekmeshe soputisngiatestrise sevming that it is

fed from ong,end, 1he cHITERIS INIbR 2Bshortaides: o thsameshesdla:a-RbasgiRlogression

producing the maximum radiation in a backward an%:e-fire ‘dlrectior}éﬁFi . ows the method of
|

| 2 shows,
amplitude cRREF RPRRSIT BEhAB MR LFITTRE PhISSRRALES TSR POZIMI AR RFSRR o lower the
first sidelobalielectric subpleaigricheltedypratariiriinasandghrnsoprideriblcadretativn siivcentise middle of
1990s. 30Figpaf@idafcihshgauite paaposedomimatunizad grdiacsayeagiennanbysides ofahémeandering”

the long Sid%%&&@%@%ﬁ@%%@n%ﬂé'iﬂ&?ﬁ%@éﬁﬂsﬁ%ﬁ rg(;j‘drgg_gﬁgn@ntenna‘ by crossing the meshes;

and (c) a circularly=polarized grid array antenna by modifying the short sides of the meshes. 35in
addition’ there has Heh FRSOBRDSTL ABARIBNG)ER gifE-&P55 Lhilifnathesnaigld be one

wavelength by a half-wavelength in the dielectric, and the instantaneous currents- would be
out of phase on the lang sides of the meshes andvvin phase on the short sides of the
meshes, respectively. As a result, the long sides of the meshes behave as microstrip line
elements and the short sides act as both radiating and microstrip line elements. The short
20  sides will produce the main lobe of radiation in the boresight direction. 4
For a non-resonant grid array antenna, the length of the short side of the meshes
can be slightly more than one-third wavelength and the length of the long side of the
meshes should be two times longer but three times shorter than the length of the short side
of the meshes in the dielectric. Assuming that it is fed from one end, the currents in the
25 short sides of the meshes follow a phase prbgression producing the maximum radiation ivn
a backward angle-fire direction. '
Fig. 2 shows the method of amplitude control through control of microstrip line
impedances (or microstrip line widths) to lower the first sidelobe.
The grid array anfenna has caught considerable attention since the middie of 1990s.
30 Fig. 3(a) to {c) show the proposed miniaturized grid array antenna by:
(a) “meandering” the long sides of the meshes; ‘
(b) dual-linearly-polarized grid array antenna by crossing the meshes; and
(c) a circutarly-polarized grid array antenna by modifying the short sides of the
meshes.
35 In addition, there has been developed a double-layer grid-array antenna. It consists
of upper and lower grid amray antennas, each being fed from its center terminal to radiate
‘lineary-polarized waves. The upper and lower grid array antennas have the same



of upper and lower grid array antennas, each being fed from its center terminal to radiate
linearly-polarized waves. The upper and lower grid array antennas have the same 2 configuration
‘parameters Wha0 H¥iéitation of the lower grid array antenna is rotated by BOWRRMS48E 10 that of the
upper grid array antenna. This perpendicular arrangement provides high isolation at both the center
feeding terminals and results in one antenna radiating horizontally-polarized waves and the other

antenna radiating vertically-polarized 5waves. A cross-mesh array antenna is shown in Fig. 4. The
radiation ofelréavrtignroramssersyBive srierialienirb thedawrigris yer Brteongirsdassedts above the
cross-meshyitiaypabtenat of feeabngrigad towy tattainal I istbesignailsiaf esarestmpinase differences. The

feeding tergypnals, 3t ShSJ% ranﬁs th%(@c&% f%%ma%éngmglaswr@aﬁamﬁéw@rmsen excited for
single-ended si ey ma so be excited for differential si ga &Cﬁg)' |IIu§trate§ a differential

feeding scHB ”@j}fg‘%}é}tﬁﬁ\é{f’ AUFEHNG) BRA O 1R BERREIPATEIRY! HY'8Eend connected

to the positwavsignal and the other end to the negative signal. Typical antennas for millimeter
wavelength signals ssesrefbertaralengeandiherobamgnnaneReflesiovantanay eshnelogy has

o elahEay eyl AREIRTEN a5 bigh Ananpisalions LensAnipangs are a second high

gain techn orn antennas limit gain to about 30 dBi due to_constru |on limjtations.
Although th%@%”élﬁfgn?ﬁ%"ﬁlltﬁé(?é‘ra%‘ﬁaé%%ﬂ”‘tﬁ‘@?aa?é’frf@f@ﬁ R SR8 RS nﬁNave radios
because th&ymirelerpesisive ibbiky4(hkavy and, more importantly, they cannot be integrated with solid-
20statgydevices. Rﬁiﬂi@gaéieﬁ)%&e@@h@iﬁﬁ%dwﬁmmeﬁ@{d&(ﬁf@fﬁd@?@dnwdm@w@méﬁdio systems. It

has been pﬁg@f) é%em?%l#epaleél%%mmr%a%qn@&rg%ééawa@n@a%@aﬁgc%mcted on

multilayer L s Fates.. These antenna arrays use 4x 4 microstrip patch radiati rf% elements fed by
a quarter- wQO@I\é‘ﬁ@Ctﬁ' rrsieing i%ﬂ&%ﬁ?@%ﬁ%gwg SBRNIMINSBR W@P’&‘?\‘i {5 B8work,
respectivelyofiteersigaa arettive stiies inditatesthegatie aistenna array fed by the matched T-junction

network performs fgfias Qﬂ@ﬁﬁb@t&ﬁqumwé@ Wlkiasgn agveey SivigRictdeneasiifesh impedance
bandw) %iths arten% 2 Oée gor ant/onrqg ge ?gg%a%cweg%g t%g ‘ragqgétmljét?e é] Fr?ew (?&tlvely, for the

antenna arrays w & Without an em ity. 30Some antenna arrays have achieved wide

bandwidth 15‘)@’(11536@ ﬁﬁﬁi@?%%r‘r@l&g?@?'ﬁﬂ@ﬁfﬁlaa?ﬁ%?{ﬁa‘@féﬁ?éhtﬁqg{?ﬁiﬂ%}%emWBU|de and design
method to adljeshaximhitatio of axeul30 gl drig &ticnsietiamtenatiocsle MNithwubbthkasn Fmigetesesonator

structure formegl by fillpdyvia-helesansk gemmmmﬁsemawmma%maa@t@am@sbwldth
characteristics. Measuregaﬁ(nt resultsn%how that thrfa@/ of 6x8 ra &€ P}gryb% @as a sidelobe

f more Jmpo ey canngt
level 35IessatﬁaXpeﬁas“c’fB a?’n v%r\l'atlon Ie‘ss tn { aroana f@ g i an axial ratio \ess than 3 dB
20 state devices. Pnnted deposited or etched antenna arrays are used for mm-wave radio

systems.

It has been proposed to use linearly-polarized mm-wave 60-GHz antenna arrays
constructed on multilayer LTCC substrates. These antenna arrays use 4 x 4 microstrip
patch radiating elements fed by a quarter-wavelength matched T-junction network and a

25  Wilkinson power divider network, respectively: The_ measured results indicate that the

.antenna array fed by the matched T-junction network performs‘ bétter than that fed by the
Wilkinson power divider. The measured impedance bandwidths are 9.5 % and 5.8 % and
maximum gains are 18.2 dBi and 15.7 dBi, respectively, for the antenna arrays with and
without an embedded cavity. »

30 Some antenna arrays have achieved wide bandwidth by.three major technologies:
ariginal antenna eiement, laminated waveguide and design method to adjust axial ratio of
circular polarization. The antenna element has laminated resonator structure formed by
filled via-holes and conductive pattern, which generate wide bandwidth characteristics.
Measurement results show that the array of 6 « 8 radiating elements has a sidelobe level

35 less than -15 dB, gain variation less than 1 dB around 19 dBi and axial ratio less than 3 dB

. over a bandwidth more than 4 GHz.



over a bandwidth more than 4 GHz. 3 Due to the selection of a microstrip patch and a slot as
radiating elements, available antenna arrays require complex feeding networks, sophisticated process

techniques,&acl@%'k@%pl embedded cavities to achieve the required peptoFRgnegoflEe, available
antenna arrays, If intended to be connected with differential radios, will require a feeding network 5

that would become even more complex. Differentjal radios are more dominant than single-ended
radios in highly-integrated mm-wave radios. Furthermore, the available antenna arrays provide an
antenna function g, the mIlBISIRIWAY . 3dinid peasrt anes ansiRaRgaake iatdhe available
antenna arrays are yet not suitable for highly-integrated mm-wave, 60- @g‘i'q Jggchdse of their high
cost and IofEFHmAHEKRAFUIDITR )6\5\‘?%4’}'1}/&qegﬁgﬁ(éégﬁgﬂ%%%f%%%)%gtennaathe'instantaneous

currents shedsitidre! ierpieadedor diesdparnisue e iy PR BRENMRES ABHRY HIRAS AT e radiating.
elements (shessidescatdaaomesheskiserittaldifigeBishagissnsthntavieoadeedmemetisuibution on the

grid array apiennd e zvihis EWAERLIND RS didirehal the rhraspsRebtnismdaonly realized

for the radiating elements between the two bars of dashed. 15lines. Hence, the con ional grid array
antenna wiff S pBHS R WA RIS € HEEE é%‘cr_lae%sl??-"k?éjs% %@%rﬁé%seaﬁgﬁn%:% ea%(%@ Rr% ust be
devised foranays\awddgrith amepranterstion (ShhmAPSmERS R tBeReexERTRIY st there is
provided a giskiasainanienaaeaNighetioaopesaie withrotiltiuitetie faahighrgthosigraismehe grid array

antenna copprising:a pluTRlity L MESh FISMRRIsRNShaidRastpRRFaRiAtion element; each mesh
element comprising at least one long side and,at least one short §|deo erativel c%n%cted to the at
least ofe long sidd: SE1RAHIHAGR %éﬂ%” glgf'd A ohaatiat g & antam{%lfﬁ S Teast o

east one radiating element, the at least one short side,
and the at lbast prrstongtsidbditaiiieg edhaiepEiafort sHaMhR6\Reasehig Gdifiiiefor improved antenna
radiation. ThemempensatitasnaysampiseiamintagFieti semdrtdntingoat kkeasnone selected 30from:

an inductor, & Gapacior ’tt@enawg L6500RI N he;6APRERRALAMRLMAYF YUV RHSE Mat the phase
' synchronism is only realized for the radiating elements between the two bars of dashed
15 lines. Hence, the conventional grid array antenna will not perform well at mm-wave
frequencies. Phase compensation schemes must be devised for mm-wave grid array

antennas.

Summary
20 According to an exemplary aspect there is provided a grid array antenna configured
to operate with millimetre wavelength signals, the grid array antenna comprising a plurality
of mesh elements and at least one radiation element; each mesh element comprising at
jeast one long side and at least one short side operatively connected to the at least one
long side; at least one of:
25 the at least one radiating element,
the at least one short side, and
the at least one long side
having compensation for improved antenna output for ifnproved antenna radiation.
The compensation may comprise an integrated element being at least one selected
30  from: an inductor, a capacitor, and a resonator. The compensation may comprise a
differential feeding network comprising a first terminal and a second terminal. The first
terminal and the second terminal may each be operatively connected to an end of the at
least one radiating element. The first terminal and the second terminal may be separated
by at least a half guided wavelength. The first terminal and the second terminal may be
35  connected at each end of the‘ same radiating element; or the first terminal may be
connectéd to a first radiating elemént’s inner end, and the second terminal may be

connected to a second radiating element's inner end. The first terminal and the second



differential feeding network comprising a first terminal and a second terminal. The first terminal and the
second terminal may each be operatively connected to an end of the at least one radiating element.
‘The first tervvidab avdat’® second terminal may be separated by at least 2 GEBGRIBEG0Avelength. The
first terminal and the second terminal may be 35 connected at each end of the same radiating
element or the first terminal may be connected to4a first radiating elements inner end, and the second
terminal may be connected to a second radiating elements inner end. The first terminal and the
second 4 termireimapaydeesapahtydbyade aal qridsd waidedaly EhermgtheeBatosdmpensation may
comprise acla%ﬁée%dpg&erre@ gianR eRMPsisiRadifesibmv alabpaiaines almedmw&baach of the at

least one spAfiSlies.The ahisastansionaslde,nod heial leashour shodaidp paybe inclined

relative to eac her 8rm mash elements s aped as a parallelogram. A 5second grid array
antenna mEPIGIHINgEee splativs ey s3araiBrid ey RS RRMEnte ARRPerRs grardlspdteina may
comprise asadrad)pich anray aatethese tomad: grcbadr By amrealivd imtry giinpriseisisiot diie array. The wire
grid array ang the,sloharid ?frmcm@mea WieHRfmaa el saiatiosiobig antkiheirspod sides may
be reIatlveIX oﬁset T etSe ond eaﬂrr}gnn garray raggle 16 ”r% %rrag/ nagrt%gr(r)a]emtag Iqe parasitic of
each other Th&" g?& 3&58}1 6‘% enna ma ufthey comprise thifd 1 eryas a rouna plane and fences
of vies to prewiiie @@é@ﬁ@ﬂ?&cl@@‘?ﬁ‘%ﬁ%‘?”&‘?@éﬂﬁ%% 'ﬁ@%ﬁ?f&&‘p Bﬁa%?ﬁ?@‘b@rﬂendrcularly from
each of theaatdeﬂ@b@ﬂﬁeﬁhaﬁesgdearamhﬂmm teasbonerasitiatintg dlethenTHeack ofrthe short sides

mayCcqmpriseang Aladtdrashane garrslretrage%ra%a@%ea@wﬁreéeegvageamaw&ompnse a
feeding element Accordin tR 2 ntgther gxerrgalcaerx spect there IS E: oV 'i d an ag%ptlve array

antenna cofnEHRPSE RIS Ot By SR AN R S OSSP ST e th T U §AEN & array antenna

may furtherﬂefbﬁﬁiﬁ%é%%q%élﬂ’ﬁfgaﬂ@%?k‘ﬁfé%féﬂﬁéﬁﬁﬁ!f‘é‘ﬁéﬁ%@%‘*l‘cﬁfﬁ‘@rﬂé’ﬁﬂ?@ at least one
grid array amksindemphigometinted aneet shecarthtigptelarfenthed exemplasyiagpddistivense is provided a

package Coéﬂﬂ?ﬁgega%@o%beé@r%ﬂ? grid array antenna as described above, the package comprising
four lamihated layers; a first Iay r com an a ;[‘enna a%{er g seco QIayer Wrtl'lafrrst opening; a
third ladyer.with a 'é‘i?éﬁ’agotﬁ ‘13@} PNt 8" o%'enrr?ﬁ R ETESEhd and third

opening fong@l@ﬂt&?@ﬂ&@@d‘Hﬁém@W@Béﬁﬁgﬁ?ﬁé&%éﬂ%@éﬁﬂ?@ﬁ%@"ﬁmﬁmng, and the
third openingayaytrikertanges dnoribespeandroppainyeberistepeningdhrisetpadtopening and the

third open|qgag1%%eagr}3eaagggegnxggtBa%ggdrgaérgurther comprise an adaptive array antenna as
described above According to yet a further exeg:glar%; tgﬁéthere is Frovrded a I/aackage

comprising ' an aﬁ&'fﬁ’ﬁ%%ﬁ%ﬂé{m YIRS 8EPsA CHAE o8 PR flate exemplary
aspecitheréepsiproyatischarayaReeye €8 wgseshey ab%aébeﬁécéj%em?%ﬁl@ma‘%'ﬂ@@érrbed above, the
packing compEaingitkies ea-dhttising an antenna layer; a second layer with a first opening; a third

layer with a second opening; and a fourth layer with a third opening; the first, second and
third opening forming a cavity for a die. ’
The second opening may be larger than the first opening, and the third opening may

25  be larger than the second opening. The first opening, the second opening and the third
opening maﬂr all be aligned. The package may further comprise an adaptive array antenna
as described above, :

According to yet a further exemplary aepect there is provided a package comprising -
an adaptive array antenna as described above.

30 Accerding to a penultimate exemplary aspect there is provided a package comprising
at least one grid array antenna as described above, the packing comprising three co-fired
laminated layers; the three co-fired laminated layers comprising: an antenna layer; a
second layer having feeding traces comprising at least one of differential antenna feeding
traces, and a single-ended feeding trace; and a third layer comprising a ground of the

35  feeding traces and signal traces.

Tﬁe differential feeding traces may comprise two quasi-coaxial cables cascaded with

two striplines, another two quasi-coaxial cables, and vias through two apertures on the



laminated layers; the three co-fired laminated layers comprising: an antenna layer; a second layer
having feeding traces comprising at least one of differential antenna feeding traces, and a ’
single-ende%@;?(gw(%@ge; and a third layer comprising a ground of the 3gfeegingiages and signal
traces. he differential feeding traces may comprise two quasi-coaxial cables cascaded with two
striplines, another two quasi-coaxial cables, and vies through two apertures on the 5 ground plane,

- The feeding traces may he in a GSGSG arrangement. The single-ended feeding trace may comprise a

quasfi-CoaX!;%&ﬁ&b%ﬁé.mgdm%hr&yww%gh HOBERE'iHEM@HIE JrewitdiplangadThe single ended
feeding trace may comprise a GSG arran_ggglqepto.aT e, ips%gggg?imgy,ig%t,lggéiggngpnse an adaptive
array anterR370Y GRS B GOANSE 2ALESF Ing to a final exemplary aspect there |s provided a
chip-scale paeitageThinprsihrergstamsRateadardaRANSrRraraM AI BT iR Gvity in surface
thereof for hpusiagandrpeaieating aLieumeuntethbtiserairdtntvdiercurapasmaadsaetiease as described
abo(;/?.slo %gg\jel;)escripltion of tr;]e Drar\:vilrllgs In grder tha;t:)tr:je invention maylbe fully understclnod allnd
readily put into practical effect there s now escribed. by, way. o -limjtative example only
exemplary emboﬁﬁ‘f?éﬂf@, tﬁﬁ%%‘&% "‘Ef())% & Scw%ﬁjerree?e?reor\{lcé;%tc? ﬁ]‘e%é%:?gr%%)%r%?n illustrative
drawings. 1®mptisiaiecaystags PRMAS&IreUS Rariddsane AbrRe D AR §HERST RS 8/ &ina with (a) top
view and (bjdagttganigMiectinf igtikendisied iHesirationdyf ecoprosicy egradkagagsassanhedwith a amplitude
control, 20@9&'\;@. 3 is three illustrations of three prior art grid array antennas; -

10
Brief Description of the Drawings
In order that the invention may be fully understood and readily put into. practical effect there
shall now be described by way of non-limitative example only exemplary embodiments, the
description being with reference to the accompanying illustrative drawings.

15

in the drawings: ‘ |
Figure 1 is an illustration of a prior art grid'array antenna with (a) top view and (b) bottom
view,
Figure 2 is an illustration of a prior art grid array antenna with a amplitude control;
20  Figure 3 is three i.lldstrations of three prior art grid array antennas;
Figure 4 is an illustration of a prior art cross-mesh array antenna and its feeding terminals;
Figure 5 is an illustration of a prior art grid array antenna and its differential feeding system;
Figure 6 is an illustration of a prior art antenna array and its‘different feeding networks;
Figure 7 is an illustration of a prior art antenna array with (a) its internal structure and (b)‘
25  antenna element on the first feeding line; '
Figure 8 is an illustration of the instantaneous current distribution in a prior art grid array
antenna;
Figure 9 is an illustration of an exemplary embodiment with phase compensation using
inductors; ‘
30  Figure 10 is an illustration of an exemplary embodiment using capacitors;
Figure 11 is an illustration of an exemplary embodiment of a 45° linearly-polarized grid
array antenna;
Figure 12 is én ilfustration of an exemplary embodiment of a miniaturized grid array
antenna using multiple-layers; , '
35 Figure 13 is an illustration of an exemplary embodiment of a circutar\y-potaﬁzed grid array

antenna,



Figure 4 is an illustration of a prior art cross-mesh array antenna and its feeding terminals; Figure 5 is
an illustration of a prior art grid array antenna and Its differential feeding system; Figure 6 is an
illustration oa priowert7antenna array and its different feeding networks; Eig$&2Wigetd Mustration of a
prior art antenna array with (a) Its internal structure and (b) 25antenna element on the first feeding line;
Figure 8 is an illustration of the instantaneous cufent distribution in a prior art grid array antenna;
Figure 9 is an illustration of an exemplary embodiment with phase compensation using inductors;
30Figure 10igsrar 4lisstrétishatbanféxensohvgrinblotasiedtansing dapasitd(s) Fgurnplens an illustration

of an exemgiapupBReAMesiRfRA80 linearly-polarized grid array antenna; Figure 12 is an illustration
of an exemplar bodiment of a miniaturi rid ar tenn §li H&t;pr@- ayers; 35Figure 13 is
an illustrartri]gll L(’)pé :?wglnl 8%8%”%?5?9‘%%%8’&F%%Pﬁ(%&ag'é}%%lﬁ%ﬁﬁgnz% 5r}%ljagrray anytlenna; 6 Figure 14 is

an illustratiBRYMEY ) corWEn BEhar A e sl Tl ATy I (Qrﬁﬁof’rﬁ)sﬁﬁg&émplary embodiment of a
groundsplaffigguFdgére Wb isuataierstition okamlenesmbedinentboldiffeatial eubiesiaye: grid array

antenna Withy(@a Vg SHighatran(b)Riah ek AHEBYsLR) FEQBBIRAGH R rignrd d63iguwo illustrations
of two exe g%ry embodiménts of differential feeding systems; Figure 17 is an illustration of the -

instantaneous Current distribution in the antenna of Figure 16(b); Figure 18 is an illustration of an
exemplary B@SptilRiaraiusHRAR Q| 38R EREHAIR WHBOBFIERIS DY UPRISAATAY Atenna elements and
as part of asbGoftreelitiphetd entey Edkeionur eldBdstaane)qs ode dfpdbShecting vedwoisf an exemplary grid
array ahtengag, Wty & Balbxpioded perspective view of an exemplary grid array antenna with a ball
grid array for wire bonding interconnects, ‘
Fig'ure 20 is a close-up view of the antenna feed structure of Figure 19;
Figure 21 is (a) top and (b) bottom views of an exemplary chip-scale package with dual
grid-array antennas; o ,
15  Figure-22 is a close-up view of the antenna feeding structure of Figure 21,
‘ Figure 23 is a schematic side view of an exemplary embodiment of a grid-array antenna
assembled with a system printed circuit board,;
Figure 24 shows the simulated performance of (a) 511, (b) gain and (c) radiation pattern for
the exemplary embodiment of Figures 18 and 20; and
20  Figure 25 shows the simulated performance for the exemplary embodiment of Figures 21
and 22.

Detailed Description of Exemplary Embodiments
Throughout the description common reference numerals are used for like
25  components with a prefix number being the drawing figure number.

With reference to Figure 8, the phase of the radiating elements can be adjusted by
changing the electrical length of both long and short sides of the’meshes outside the two
bars. The phase of both feeding and radiating elements can also be compensated by using

~ phase shifters or amplifiers. For example, inverting a‘mpﬁﬂers can be used for

30  compensating both phase and amplitude. An inductor or a capacitor or a resonator can be
cbnsidered asa passive phase shifter, Except using discrete chip-type inductors, or
dapacitors, or resonators, it is preferred to use integral elements. The use of integral
inductors is showh' in Fig. 9 fora single-layer grid-array anteﬁna 800. The antenna 900 has
elements or meshes 902 with short sides 904 and long sides 912. One or more of the short

35  sides 904 are radiating elements. One or more of the radiating elements 804 has integral
inductors 906 or 808. The long sides 912 are feeding elements. One or more of the long
sidesffeeding elements 912 may also have integral inductors 906 or resonators 908. Multi-



grid array for wire bonding interconnects; Figure 20 is a close-up view of the antenna feed structure of
Figure 19; Figure 21 is (a) top and (b) bottom views of an exemplary chip-scale package with dual
grid-array antennas; 15Figure-22 is a close-up view of the antenna feedi %Léy&)&f,]gigure 21;
Figure 23 isSHOSTHEMELE side view of an exemplary embodiment of a grilggl?%antenna assembled

with a system printed circuit board; Figure 24 shgows the simulated performance of (a) 511, (b) gain
and (c) radiation pattern for the exemplary embodiment of Figures 19 and 20; and 20Figure 25 shows

the simulated performance, for the exemplary, egg%?g" S of Flaures 21, and. 22, fgtailed Description
of Exempléwegﬁﬁﬁgﬁrn%%wgsuc{m may‘?ﬁr%ﬁéh‘é‘utt e‘z &scription common refér nC(\a}\(F#merals are used
|

for like 25compBrePRIaiging profsOuMISSSB OB AR RARAMEHGHIE BhWE N F1o-WAR"

reference to
Figure 8, thesplgrseyet thie-radiasingneteniehtsigaim beiltdjustedstacksbrrprriarsemdgétrical length of both
long and shgtsides of the meshes outside the two bars. The phase of both feeding and radiating

elements can alsq be compepsated by usin as ifte lifjgrs. 4 , anverting
amplifiérs can be%f%%&cf'gg% Qogrﬁ?sérﬁg%{tﬁig Lg:t rf)%ﬂ%ﬁﬁrﬁ%ﬁ%d@ligné:ri‘%gvﬁ)cﬂ?or?(@}rg aécapacitor ora
resonator cair BB wBrélidrayasraspadisive phase shifter. Except using discrete chip-type inductors, or
capacitors, or respnaieemdtas prefenctdotdcuselinsegairel ohasatmniitieng sé oféateykag inductors is
shown in Fig, 9 far.asingleslaver arid-aray grie 0@ tthayaaianna 900 has elements or meshes
902 with short sides 904 and long sides 912. One or morg of the t 35sides. radiating
elements. One or ‘%Bﬁigltb%%e&}%%é)ﬁ ﬁg"%éﬁ%?n"é’r'ﬂ%e&ﬁ‘ %s{?‘rﬁg8?&6%&8%@%%%%%%@?%e long sides
912 arefectiingas énteilicieny@visnerecat #id1GRg sricaras G IoR MERENS 89 Ray also have integral
inductors 9Q6Ia-EEsARBINRRAG8MMYtienAtayeposistdokedindes trsaffeaytheraded. In addition, one or

more of the short Sideg 9941Day Alse hedadRinealementsy hhgnmse efdniasrairagagdors 1010 is
‘;:';;V QQ'TJSF(; LoD for 8 Bingle AV e, 9dAnay, antena 1090 AYRINMUHBY R oUsiAsked capacitors
form meshes 1102 shaped as a parél!elogram.' However, other angles may be used as
15 required or desired. ' '
Fig. 12 shows a miniaturized grid array antenna 1200 where the long sides 1212
are stepped and the short sides 1204 are bent in a multi-layer metal structure. The bending
makeé the large part of the short sides 1204 of the meshes 1202 further from the ground
plane 1214, which may improve radiation. The short sides 1204 may be in a first layer 1216;
20  and the long sides 1212 may be in two different layers 1218, 1220. The layers 1216, 1218
and 1220 may be connected by use of metal lines on the same layer created by, for
example, a known printing technique. Metal lines on different layers may be connected by
using metal vias.
Fig. 13 shows circularly-polarized grid array antenna 1300. Each short side 1304
25 “and radiating element 1305 of a mesh 1302 has an added tooth 1322. Each tooth 1322
extends generally perpendicularly to the short side 1304 and radiating element 1305. All
teeth 1322 are oriented in the same direction relative to the respective short side 1304 and
radiating element 1305. The position of the tooth 1322 means that the current on the tooth
has a 90° phase difference with respect to the current on the short side 1304 or radiating
30 element 1305 to which the tooth 1322 is connected. The width of the tooth 1322 can be
adjusted so that thé current on the tooth has the same amplitude as that on the short side
1304 or radiating element 1305 to which the tooth 1322 is connected. Each tooth 1322 may
be of a length of about a quarter guided wavelength of half length of the short side 1304.
The grid array antenna 1300 shown in Fig. 13 gives right-hand circular polarization.
15 " Rotating the teeth 1322 180° relative to the respective short sides 1304 and radiating
elements 1305 will produce left-hand circular polarization.



The combination of integral inductors 906 and capacitors 1010 shown in Figs. 9 and 10 will yield
integral resonators. After using an EM simulator to understand the phase conditions of a design the
phase adjussaraomeystiesadded where phases need to be adjusted. In adeitispGzedeoedidve-phase
compensation, the use of 45 linear polarization may 10be used in millimeter wavelength car radar
applications as radiation with orthogonal polarizagion from cars coming from the opposite direction
does not affect the radar operation. Fig. 11 shows a 45 linearly-polarized grid array antenna 1100
where the angle Begricaraimiong skledylsts apeithdasborsideang 1104aoers pierIsed 1102 is to

45/135to ;@{éﬂéﬁe%%lﬁ»‘a %ﬂaQ@ &Bﬁ@@‘d@&a Raaheladars: h@ﬂb@\f@&@t&iﬁ&@@l@@ﬂfﬁ&ﬁb@l used as
15required ar desired. Fi I id ar, e long sides
1212 are s?e Igpgora S wgo 2] c?rt s@é%e ﬁéﬂé{%ﬁ&%é& 9&( Qn@ E@b( MS;BH&%%MJW%‘ 9

dandthes 4 are bent in a multi-layer metal structure. The bending
makes the 'I‘S}%?ehﬁé‘?tad?‘i'l’%‘%'ﬁb‘ﬁ’&a@é’i?@ﬁ*bﬁ’?é%%%%ﬁ’.%@ﬁﬁ?ﬁ@ SR8 Ground plane 1214,
which maydmpndpiznadéigtioer Phanstierisidesiab?dinsaydgdty sifirstrimyepdaigedomdthe long sides

1212 may BeiR. Wardifier pik iRy dlSardeddwthe #@g&%lﬁéﬁﬁaw@e%ﬁ%&bwﬁe connected

by use of metal I|n s on th ame layer created for ing technique. Metal
lines on dlffjerenvf'?aygrx ?ﬂa gn%/ecﬁeg%‘fmé?g arr}wde arvias. gliﬂ’g\Ie %}gw] é/gs]&cr:ﬁ:]élarly polarized grid

array anterf¥amaev. PE%H%H%FH@W%W&: i%dlﬁ?lﬁ@‘@@?ﬁé?ﬁoigﬁgrﬁ?‘é??ﬁésh 1302 has an
added toothdkdRrEacheipatiid B2 vextdands genbrally wiErperdicatbpbnatytmeasteortegidie 1304 and
radiatipg e'ﬁéﬂ@ﬂl % %Léﬁ@éhh%%%&%%&rwmefwhﬁe%a&@a ﬂl@&@qwﬁlﬁé%%&%ﬁk@ respective

short side 1304 and rad %%4 rEe}lae g?ne-g posm n of th&li oth 13%2 ithat the current on
e f

the tooth hAX§'dt 6|P1as aretice w h resp ec?%) the. cur?g?wt on the short SI & 1304 or radiating
1404 to act as reflectors so that the backward leakage field can be reduced As a result, the

nde

antenna gain penalty is reduced.
Antennas in multi-layer structures have a size advantage. However, known double-
15 layer grid array antennas do not fully offer this advantage because the upper and lower grid
array antennas have the same configuration parameters. However, the lower grid array
antenna is rotated by 80° with respect to that of the upper grid array énten’na:‘FigJS shows
a two-layer grid-array antenna 1500 having an upper layer 1526 containing a wire grid
array radiating element 1528; and a lower layer 1530 with a slot grid array radiating
20  element 1532. A third layer 1514 functions as the reflector. The lower layer 1530 also
functions as the ground plane for the wire grid array radiating element 1528 as a wire grid
array antenna. The reflector 1514 works with the lower slot grid array radiating element
1532 as a slot grid array antenna. Furthermore, a quasi-cavity is formed under the slot grid
array radiating element 1532 by connecting the ground on the lower layer 1530 to the
25  bottom reflector layer 1514 with fences of vias 1534. This gives a cavity-back slot grid
' array antenna. The upper wire grid array 1528 and lower slot grid array 15632 antennas are
parasitic to each other. The polarization of the double-layer grid antenna 1500 depends on
the mutual orientation. For the orientation shown in Fig. 15, both wire 1528 and slot 1532
grid array antennas radiate the same linearly-polarized Wave. However, if either wire 1528
30 orslot 1532 grid array rotates by 90° and if the short sides 1504 of the meshes 1502 of
both wire 1528 and slot 1532 grid arrays are offset as if there was no offset, the radiation of
“slot grid érray would.be blocked by the wire grid array. Offset may also enhance the
.radiation of the wire grid array antenna as less radiation may be leak to the quasi-cavity.
As such one radiates the linearly-horizontally-polarized waves énd‘ the other radiates
35  lineary-vertically-polarized waves. No offset will deteriorate the radiation. Angles other than
909 may be used as required or desired.



30element 1305 to which the tooth 1322 is connected. The width of the tooth 1322 can be adjusted so
that the current on the tooth has the same amplitude as that on the short side 1304 or radiating

element 1305 to which the tooth 1322 is connected. Each tooth 1322 may-ha 08 @dRngip of abouta
guarter guided wavelength of half length of the short side 1304. The grid array antenna 1300 shown in
Fig. 13 gives right-hand circular polarization. 35Rptating the teeth 1322 180 relative to the respective
short sides 1304 and radiating elements 1306 will produce left-hand circular polarization. 8 A grid
array antenna us%glllssfl

S50 304, Jlat uRalang, s asen RlaRpssrnatiliground plane may
belcurved or corru%a e ith

. or may be a screen or a grid with holes or.gerfor ions whose peripheral
length is 1e8§%%8h

AelRaRiRRdiBRdBAM IBRSTAIRGIDSthEP HTAEOREOR ' Riidhi&t i fong that is much less
than one-heibietive ficiehcTheohestre & isgrbanekys|ivredifiergiial fesrding tmmitiedpeatiamsility is structurally

similar to arperferates grrueklialRREIN BRGHAL P85 hRorasREdnes BaMT iRcFdgntaa. It shifts the
resonant frequency downwagd ’aeép%‘g%%wﬁ%vW@&Q&%@n%%‘éﬂ@%F@{;‘.cﬂ slErisAsRs dhgantenna gain.
The exemplary pgt?erne grouna plane s |

/ . own in Fig. 14b shifts the résonant fri%uenc%/'downward and
expands thE§ApsERENRE'S ?ﬁﬁ/\ﬂ[ﬁﬁ%ﬁﬁ?qéﬂﬁ@e‘ﬁ'%éﬁﬂﬁﬁ RIS S B AR Fhis is because
the short sitis b404rofotieemeshibgulit0vayelepaliztiarpalchehvs. tiMainkipd&iey 12%as¢e added to the

meshed greyngdplang ddd4Lndar hrshadsisiestl 484 denagioasdefleckogsso shatthe thackward

leakage fleggégop‘geﬁ%geuced, As a result, the antenna gain penalty is reduced. Antennas in multi-layer

structures have a'size ad‘vcéhtage. However, known double- 15layer grid arra)l{?gntennas do not fully

offer this advanta§@bEcelires the NHRRARRYIENER YiFRiP R AR AR ARVEHR A A% onfiguration
parametersishifaveitiersrtte dparetigriaterrdipcantennsbis rdiiferantiy! S@dinvithesspinet tetthat of the upper
grid array agggggngnlg,igog,érgquﬁganwg-,l,aé@régg,iﬁieafgaymtenna 1500 having an upper layer
1526'containing a.\Wire grid array radiating element X I |

A R b

‘ e Ja%% » éth% lot grid array
radiating 20element 1 unctions as ector enlowgrl ayer 1530 also

functions agMEHEURSIEHRE RECAETRE YRR arr5l rAdIG eRh eI SELRTANATE NI array
antenna. Thereftectaod Sdrdmatistivdthrtheatowes stotuge th doegxeattiatinighbléntrme €832 as a slot grid

array anten%iﬁ%ﬁ%ﬁa@aﬂmé@éﬁwé o ed WwndiRiithesletarid bandwidth and are
also suitable to be DC-coupled. For example, the DC signals can be easily supplied from
the middie of the long sides 1812 of the meshes 1802 as shown in Fig. 18. The DC lines
1840 should have high impedance to high-frequency signals; and are preferably inclined
20 relative to the long sides 1812 to minimize the effect on the antenna radiation. The angle of
inclination should be in the range 40° to 50°. ‘
A first way of integration of the grid array antenna 1900 in a ball grid array 1968
- package for wire-bonding interconnect is shown in Figs. 19 and 20. The package features
standard wire bonding and there are four laminated layers for the package. The first layer
25 1950 is the antenna layer with the antenna being underneath and therefore is not shown.
The ground plane 1914 is shown as is a feed via 1964 for the antenna feed. The second
layer 1952 has an opening 1954 and, the third layer 1956 has a slightly larger opening
1958. The fourth layer 1960 has the largest opening 1962. The three openings 1954, 1958
and 1962 are all aligned. The‘ traces of the second layer 1952 and the third layer 1956 are
| 30 ‘ndt shoWn. The openings 1954, 1958 and 1962 form a three-tier cavity that can house the
radio die.
There are also five metallic layers for the package. A first layer provides the grid
array antenna 1900, the second layer is for the partly meshed antenna ground plane 1914,
and the next two metal layers are in the second and third layers 1852, 1956 with one being .
35  for the antenna feeding traces and the other for signal traces. The final metal layer is for
the package ground plane 1970, as well as being for éolder ball pads 1968.



array radiating element 1532 by connecting the ground on the lower layer 1530 to the 25bottom
reflector layer 1514 with fences of vias 1534. This gives a cavity-back slot grid array antenna. The
‘upper wire gnd airaysdb25 and lower slot grid array 1532 antennas are peeagstiodameaecivother. The
polarization of the double-layer grid antenna 1500 depends on the mutual orientation. For the
orientation shown in Fig. 151 both wire 1528 andislot 1532 grid array antennas radiate the same
linearly-polarized wave. However, if either wire 1528 300r slot 1532 grid array rotates by 900 and if
the short sides 156dbwbtheyns siiegrdtbD2i0fUabthidvaread 228 ravad Z100 G2 gridnargags fare offset as if
there was n%ﬁsﬁ%gé,o#hsn@m@aﬂ@rqinﬂﬂﬁg @%@ﬁ@m@wgn% Qlaqb%eawmé@g%gmg agy. Offset may
also enhange the radjation o t Wlﬁﬁ ? ﬁ ?\: ant(? n ?.nS‘ es [ |atg e Ie to the
quasi-cavity *AL"S BRSNS Fédl%tes the TThaary-horizontaly-pe arlzaéfgrﬁvé)\'} ﬁ?e ot'ﬂer radiates
35linearly- \ié?tﬁféﬁynpéﬁaﬂz%ﬁ%va\?ésﬂwzl‘)ﬁééﬂ%h%@tﬁ?i’ﬁﬁaiéft%lﬁéﬂréﬁ@ﬁ W@I@@fﬁﬁﬁ’er than 90. may

be used asitgairesker fesisedoud metaifsishosvion thEiggdaatd Ohntoiffeyertial feesihg &irictures cut the
center fad'f??wa%e?é @%@r‘}é@@165%&&"@15%%%?99@&?@%%@5@ slagerag QQ&WE\{&QW@OW Also the

excitation effici IS not 6 shows two dlffe ntial feeding termin s. In Fig. 16(a)
the dlfferenﬂ?ﬁ%—) SRy ﬂ%ﬁg"fg@%dg}%t%ﬁ%gi d% cﬁ'@r\edBij?%éeEgWﬁélage tlng element
1605 and apacihsdifiguriedwathd argtrdgh e, anteige islyaiecrfensitiaisipen irpesitthals 1638 are
connected ¥héha)He RIS BtEwOcitferentradigtingalesnents 1605 and are one-and-half guided

wavelgpgths apart, é.r fé% LW&J&(&E'F&%@&%%%%%@%%@W%Q MeAhiaso8 half guided

wavelength. As suc e Isalation |sagood and so Is the excitation efficiency 1OF|§&§7 shows the

instantanectHEHERLIR TR <SHRufih 257 Rtk N e Gl ?%GWWJVéhﬁQ‘ ration according
to Fig. 16(b}rbiffeschtinladinbveesuies tnaxigeablephaistisghctive tismohrivenepenuresraesh elements
1702.  The gfrddrﬂrw;@m@rm@cm denseckas robasiGiaitment tacdesigs \ig. adaptive array antenna

or @ Swiched, RRATN LA ANISONE, Bl ROl R B HER IS e e pglpments 1800

for an adaptlve array antenna for use in, tfor examp e y Integrate rnd array antenna

elements 1800 HYERIRMRT Imﬁeﬁﬁﬁ(?é‘%g‘ﬁ&ﬁﬁﬂ réﬁﬂegi@ﬁl%t SO ABRItE ROl qoupled For
example, thedd®sapnals cderioreecsilyt sigopiiedfonetfreding déefominedofippSEfés 4812 of the meshes
1802 as shaywa#thigdhd nEiREHEasskR40 shetHs: havenbighisnpedareadofogh-frequency signals;

and are preferablypchagdZ0relaivalo G IanBSIdes 1812 B inips g figekgn the antenna

radiation. The angle of inclination he range 4
system printed-circuit board (PCB) 2380 An open cavity 2382 1s formed in the top surface

20 2384 of the PCB 2380 to house and protect the die 2388, The lands 2388 on the chip
package 2390 are soldered fo the PCB 2380 to complete the interconnects from the chip
package 2390 to the PCB 2380 through the package 2390.

The wire-bonding technique is well established in consumer electronics. A bond
wire functions as a series inductor which will drastically increase the loss as the frequency

25  or the length are increased. Interconnection using the flip-chip technigue has better
performance than using the wire-bonding technique because the bump height is kept
smaller than the length of the bond wire and the bump diameter is thicker than that of the
bond wire. ‘

Although both resonant and non-resonant grid array antennas are useful for many

30 applications, the disclosed resonant grid array antenna is for milimeter wavelength signals.
The design determines the dielectric substrate dimensions, the number of meshes, the
microstrip line impedances, and the excitation location with the associated diameters of the
metal via and the aperture. The grid array antennas may operate maybe, for example, 61.5
GHz with a maximum gain of =10 dBi. The impedance and radiation bandwidth is 7 GHz.

35  The efficiency may be > 80% for IEEE 802.15.3c standard applications.

Figs. 24 and 25 show the simulated performance of the two exampiles of Figures 19
and 21.



A first way of integration of the grid array antenna 1900 in a ball grid array 1968 package for
wire-bonding interconnect is shown in Figs. 19 and 20. The package features standard wire bonding
and there are four laminated layers for the package. The first layer 2519 84%%?[0}}%gma layer with
the antenna’fetg¥ifdErfheath and therefore is not shown. The ground plane IS shown as is a
feed via 1964 for the antenna feed. The second layer 1952 has an opening 1954 and, the third layer
1956 has a slightly larger opening 1958. The fourth layer 1960 has the largest opening 1962. The
three openings 1954, 1958 and 1962 are all aligned. The tr . layer 1952 and the third
layer 1956 are SOWM%HB%%%%@%%&S%&SG &%ﬁggéagéd@%gi %)Hrqr% %%t %@g-t'er cavity that can
house the radodifesnts, it Wildreuareraires! fvd Rt alfitehidre %FQH@%K(?QH&%PW#P?,{ T8 provides the
grid array arieninaslifQeidhesesenddasuisidoraEopapdyativeshedbamena®ithatind plane 1914, and
the next twg metal layersateipveagend and third layers 1952, 1956 with one being 35for the
antenna feeglng traces and the other for signal traces. The final metal layer is for the package ground
plane £970, as well as being for solder ball pads 1968. 10  Another way of integration of dual grid
array antennas 2100 (one antenna 2100 for transmission and the other antenna 2100 for reception) in
a chip-scale package for flip-chip bonding is shown in Fig. 21. There are three co-fired laminated
layers for the package. The top antenna layer 2172 is a single layer and the bottom layer 2174
contains two laminated 5layers. There are also four metallic layers for the package. The too layer 2172
has the dual grid array antennas 2100 and the patterned ground plane 2114. The second layer 2174
has the differential antenna feeding traces 2176, and the single ended feeding trace 2178; and the
third layer has the ground of the antenna feeding traces, and the signal traces (not shown). The die is
flip-chip bonded to the signal traces. 10Fig. 22 shows the feeding networks of the dual grid array
antennas 2100. For the dual-feed trace 2126, Fig. 22(a) shows two quasi-coaxial Cables cascaded
first with two striplines, then another two quasi-coaxial cables, and finally vias through two apertures
on the ground plane in a GSGSG arrangement. For the single-feed trace 2178, Fig. 22(b) shows a
quasi-coaxial cable cascaded with via through one aperture on the ground plane In 15 a GSG
arrangement. The GSG and GSGSG arrangements not only minimize potential electromagnetic
interference but also improve the feeding performance. The GSG and GSGSG feeding networks are
designed together with the grid array antenna 2100. Fig. 23 illustrates the assembling the antenna
in a chip-scale package with the system printed-circuit board (PCB) 2380. An open cavity 2382 is
formed in the top surface 202384 of the PCB 2380 to house and protect the die 2386. The lands 2388
on the chip package 2390 are soldered to the PCB 2380 to complete the interconnects from the chip
package 2390 to the PCB 2380 through the package 2390.



The wire-bonding technique is well established in consumer electronics. A bond wire functions as a
series inductor which will drastically increase the loss as the frequency 25 or the length ar;@ﬂk@g[”@m@sed.
Interconnection using the flip-chip technique has better performance than using the wire-bonding
technique because the bump height is kept smaller than the length of the bond wire and the bump
diameter is thicker than that of the bond wire. Although both resonant and non-resonant grid array
antennas are useful for many 30 applications, the 'disclosed resonant grid array antenna is for
millimeter Wa¥elen%th signals. The design determines the dielectric substrate dimensions, the number
of meshes, the e Hgfﬁp line impedances, and the excitation location with the associated diameters of
the metal via &nd tAEHpERYRTRE GidcaredyoamRtadielioper vrysivaghe dorleemple, 61,5 GHz
with a maximum gaif efrzd entBhaTheirispedariceiand radiatiomdrandwisltkdst & k18T he efficiency
may be z80% for |ekm302:th Besstandart-applisatansafigs Bdqant 3shawsthasinmlated

performance of the; o gxariles QleFigies L& RAt 8ds 1ong sY¥NikSE these.Ras been described in the
foregoing description ex%mpgﬁ%g%qgmgﬁt%lé}%ewnw be understood by those skilled in the technology
concerned that many variations in details o l%eS|gn, construction and/or operation may be made
without departing from thEpPEEBRLIAREMILHIE L P 12 The Claims A grid array antenna configured
to operate with millimetretipay&Rsigis Sighas the grid array antenna comprising a plurality or mesh
elements and at leastioneoragiatitonaéte mentyeachemeshrglemenbeonprising=atdeast one long side
and at least one shgitside.operatvelyeannesteckiothe s Last RNeapEsidRalkleast one of: . the at

ieast one radiating elpmmant, e atleastaassher side. ancibaaldrakagmiong,side having

compensation for ir/r\w roved antenna ou}g)ut Lo,rin?groye ante?na radiation whérein the compensation
for improved &htenid GLIPUL 101 IMproved Sntania radiation contBrie&gt SERELHS T for phase
synchronization or Q}?@ﬁﬁgﬁ%{ma_nt eing at least one selected from the group consisting of: an ,

v inductor, a capacitor, and a resonator.,

3. A grid array antenna as claimed in claim 1 or claim 2, wherein the compensation
combrises a differential feeding network comptising a first termiinal and a second
terminal, the first terminal and the second terminal each being operatively connected
to an end of the at least one radiating element; the first terminal and the second
terminal being separated by at least a half guided wavelength..

4. A grid array.antenna as claimed in claim 3, wherein the first terminal and the second
terminal are connected at each end of the same radiati'ng slement.

5. A grid array anlenna-as étaimed in claim 3, wherein the first terminal is connectedto
a first radiating element’s inner end, and thé second terminal is connected to a
secend radiating element's inner end; the first terminal and the second terminal
being separated by one and a half guided_waveiéngths, '

8. A grid array antenna as claimed in any one of claims 1 fo 5, wherein the
compensation comprises a patterned ground plane comprising reflective metal
patches aligned with each of the at least one short sides. ,

7. A grid array anfenna as claimed in any one of claims 1 to 6, wherein the at least one
long side and the at least one short side are inclined relative to each other to form
mesh elements shaped as a parailelogram. ' '

8. A grid array antenna as claimed in any one of claims 1 to 7, wherein a second grid
array antenna forms a second layer paralle! to the grid array antenna,

Q. A grid array antenna as claimed in claim 8, wherein the grid array antenna comprises

a wire grid array, and the second grid array antenna comprises a slot grid array.
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2. A grid array antenna as claimed in claim 1, wherein the compensation comprises an integrated
‘element being at least one selected from the group consisting of: an inductor, a capacitof @hdld’
resonator. 3. A grid array antenna as claimed in claim 1 or claim 2, wherein the compensation
comprises a differential feeding network comprising a first terminal and a second terminal, the First
terminal and the second terminal each being operatively connected to an end of the at least one
radiating element; the first terminal and the second terminal being separated by, at least a half guided
wavelength. 4. A grid array.antenna es claimed In claim 3, wherein the first terminal and the second
terminal are ¢8nnectdd %ff%@éﬁeéﬁ%aéﬁﬁ@%m%af@(ﬂa‘ﬁ?@e&éméﬁfe 8rAFAGAFr S ARtenna claimed in
claim 3, wherein theedieserenminighlsosrameltve toatioiret fathatnteishersidssiamet etivdlvand the second
terminal is connectgigeto a second radiating element's inner end; the first terminal and the second
terminal be'”9159!3@@&?942%Qﬂ&wﬁé‘gs%l%wwgr%m@%%o40%%@[&%@8& i@s claimed in
any one-of claims 1 emé wherein the compensaftion comprises a pafte E\ed ground plane comprising -
reflective metal pa?c hes a? Hed With Bach of (e Al 18ast One SHOF S|d0es 7. A grid array antenna as
claimed in anjfone'&" EIE’??YSE’TJ‘?G%’ %ﬁ@f@ﬁ‘? {h B8ORS BHEISAG Eﬁ&@ﬁﬂ&?ﬁ’@”ﬁf’%ﬁst one short side
are inclined relativéitd lexetroeepiodelnerreshnersrmiris shupedr ascarpabatielograin. 8. A grid array
antenna as ctaimed gnidmyppastoinelaimgitbdoi7 aavhecedndeisecond! gricharray anteimna forms a second
layer parallel to the.gtidearsay-a6Hg BEReidigifai AL Bt eRNA s Chrmac B Eaindwherein the grid
- array antenna Compalises.@ WirgiAgidiartay, and the second grid array antenna comprises a slot grid
array. 13 10. A grl ar % antenna as Clalm d in claim ?éiwhereln tpe Kvwee%gg ?{éagp d the slot grid

array are oriehted atga S FOAtOn-of B0 A ter SHOT su‘?ies are relativel 1. A grid array

antenna as claime&$RSERTHHETINAAMTS 8! f@i@%ﬁ%ﬁ‘@ﬁ‘f‘ﬁ%‘*g@é‘éﬁﬁj@ﬁﬁ‘éﬁ*{%‘ﬁ%ﬁéﬁﬁ? and the grid
array antenna are parastis afeeduiy othiemtl2 A grid array antenna as claimed in any one of claims 8 to
11 further corprising sudpivd Hygr-as mgeatipephaesasdieesieivies inprrvidenadwavity-back grid
array. 13. A grid arggy@,@tmqwmed in any one of claims Ito 12, wherein a tooth is provided
projecting perpend culgzlé/ from each of the at least one s;]?ortn%ldes and th Teeg.st one radiating

tive array antennpa. as imeu 1 claim ef C T
element. 14. A grid arra antenna as claimed in aeqy one of claims 1 to ?L%g ere each of the short

sides comprises o8 8f theP PSS BRAFET ARG WsiveRt Bha &5h°oF g oY HGE& B mprises a
feeding element. 158" RAIWR array antenna comprising at least two grid array antennas as
claimed in any7onefofclgieasdrteyiging 26edhcadaptiveareaipartennaiascchamendreiclaim 15 further
comprising DC feedingnetworkreperatye hooomected oraiongside; afftbasgtleasbane grid array
antenna at an inclinged,AngiLaldr, é\@%J@g@emmmmg@hi@@%@ﬁ@c&@d@r@%&et@nna as claimed in
any one of claims 1,10-h, 1e PAFKAYS SAmPLRIng o ATHaledayelsi d st jayer,comprising art

antenna layer; a second layer Wlt a first opening; a layer with a second opening: and a fourth
Iayer with a thlrd oﬁ%’ﬁ%ﬁtﬁe‘”ﬁr&r 2d%nd and third opening forming a cavity fore die. R

‘A package as claimed in claim 17, wherein the sscond opening is larger than the first
-opening, and the third opening is larger than the second opening.

19. A package as claimed in claim 17 or claim 18, wherein the first opening, the second
opening and the third opening are all aligned. ‘

20. A package as claimed in any one of claims 17 to 19 further comprising an adaptive
array antenna as claimed in Claim 13 or claim 16.

21. A package comprising an adaptive array antenna as claimed in claim 15 or claim 16.

22. A package comprising atleast cne grid array antenna as claimed in any ane of ‘
claims 1 to 14, the packing comiprising three co-fired laminatad layers; the three co-
fired laminated layers comprising; an antenna layer; a second layer having feeding
traces comprising at least one of differential antenna feeding traces, and a single-
ended feeding trace; and a third layer comprising a gro_und of the feeding traces and

signal traces.
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18. A package as clairried in claim 17, wherein the second opening is larger than the first opening, and
the third opening in larger than the second opening. 19. .A package as claimed in claim 17 or claim 18,
wherein the first opening, the second opening and the third opening are all aligned. 20. A ﬁé’éjkiage as
claimed in any one of claims 17 to.19 further comprising an adaptive array antenna as claimed in claim
15 or claim 16. 21. A package comprising an adaptive array antenna as claimed in claim 15 or claim
16. 22. A package comprising at least one grid array antenna as claimed in any one of claims 1 to 14,
the packing comtortingdhreasotfired laczinate dlsyeirsththdrthicesCladtieg tarainateghlayers comprising:
?n 3nter;na layer; %%@ea%@mgrdaagmJmmém%mﬁa@{hﬂ&g@%aﬁ_ Ja Qaaﬁ%ﬂiffe(;er;tﬁl a}”te(;‘.”a
eeding traces, an ngle- . ir comprising a ground of the feeding
daslals audeiaed g%&gﬁags%ﬂ%gémﬁa BYSE

traces and si?snal traces. A package as claimed in claim 22, wherein the differential feeding
traces compride twoPGIRSE B SR EHR RUE 42K HREE WA BRI Spifrede dhdihier o quasi-coaxial
cables, and vies thoeRT TR apertures on the ground plane. 24. A package as claimed in claim 23,
wherein the fé&ding temtes: arcirine GSGBGarrargemientindS-cAded tkatie asclaimedsinclaim 22,
wherein the singleended-ferdinglsacscqmprisasa fuageasxia-eable sassadewith a via through
one aperture g the ground nlang. 26, Aprskage.an Hlaimed.ihslaim.an, wherein ihe.single-ended
feeding trace compri a GSG arrangement. 27. A package as claimedin any one of claims 22 to 25
further comprising ana éﬁﬁ“\%ergﬁ”ay antenna as claimed in claim 15 or claim 16. 28. A chip-scale
package comfrisiriyREEFSteth IR AR M YA B IR G AR BB CAIRPIATSEf FaEE thereof for
housing and proteeéfiag W@ arswaedtherein, therdieredmprising a package as claimed in any one of
claims 22 to 28. A chip-scale package comprising a system printed circuit board drawing an open

cavity in surface thereof for housing and protecting a die mounted therein, the die .
comprising @ package as claimed in any one of claims 22 to 27.
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