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meshes, respectively. As a result, the Iong 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. _
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 progression producmg the maximum radiation m
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 antenna 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-iinearly-polarized grid array antenna by crossing the meshes; and
(c) a circularly-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 array antennas, each being fed fromvits center terminal to radiate

linearly-polarized waves. The upper and lower grid array antennas have the same



(b) dual-linearly-polarized grid array antenna by crossing the neshes; and
(c) acircularly-polarized grid array antenna by nodi fying the short sides
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are expensive, bulky, heavy and, more importantly, they cannot be integrated with solid-

20 state devices. Printed, 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 resuits indicate that the

.antenna array fed by the matched T-junction network performs. better 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:
original 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 x 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.
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least 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 irhproved 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 wavalength. 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 to a first radiating element’s inner end, and the second terminal may be

connected to a second radiating element's inner end. The first terminal and the second
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opening may all be aligned. The package may further comprise an adaptive array antenna
as described above.

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

30 According to a penultimate exemplary aspect there is provided a package comprising
at least one grid afray 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 feéding 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.

The 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



opening may all be aligned. The package may further conprise an adaptive
array antenna as described above. According to yet a further
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conpri si apva. system printed circuit board dramnng an open cavity in surface
thergof for housing and protecting a die nounted. therein, the die
conprising a package as described above. 10 Brief Description of the
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W t h1§a) top view and (b) bottom view,

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 illustrations of three prior art grid array antennas;
Figure 4 is an iIluétration 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° jinearly-potarized grid
array antenna;
Figure 12 is an illustration of an exemplary embodiment of a miniaturized grid array
antenna using multiple-layers;

35  Figure 13 is an illustration of an exemplary embodlment of a cnrcularly-polanzed grid array

antenna;



Figure 2 is an illustration of a prior art grid array antenna with a
anplitude control; 20Figure 3 is three illustrations of three prior art
grid arrayoantoewsers; Figure 4 is an illustration of a pPCOISGA0NS/00040%$S- mesh
array antenna and its feeding termnals; Figure 5is 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
netvvorks e_7.i
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of Fi gur Eigli@; 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) S11, (b) gain and (c) radiation pattern for
the exemplary embodiment of Figures 19 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 aAmpIiﬂers can be used for

30  compensating both phase and amplitude. An inductor or a capacitor or a resonator can be
considered as a passive phase shifter. Except using discrete chip-type inductors, or
capacitors, or resonators, it is preferred to use integral elements. The use of integral
inductors is showln‘ in Fig. 9 for a single-layer grid-array antenha 900. 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 904 has-integral
inductors 906 or 908. The long sides 912 are feeding elements. One or more of the long

sides/feeding elements 912 may also have integral inductors 906 or resonators 908. Multi-



Figure 21 is (a) top and (b) bottom views of an exenplary chip-scale
package with dual grid-array antennas; 15Figure 22 is a close-up view of

t he ant erwe 2bmadsrrg structure of Figure 21; Figure 23 i #Ca/ssetnsonid’e Si de
view of an exenplary enbodi nrent of a grid-array antenna assenbled with a
systemprinted circuit board; Figure 24 shows the sinulated performance of
(a) S11, (b) gain and (c) radi ation pattern for the exenplary enbodi nent of
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phase conakes tbetargs pait eofdha ghortsidesj ﬁ%@f thelmgshes 120Afurthgefrem thecoramnst e phases

need to BEna4h44SWRRh 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 the current on the tooth has the same amplitude as that on the shdrt 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.
35  Rotating the teeth 1322 180° relative to the respective short sides 1304 and radiating

elements 1305 will produce left-hand circular polarization.



In addition to the above-phase conpensation, the use of 45 |inear

pol ari zati on may 10be used in mllinmeter wavel ength car radar applications
as radi atwonowidski7er t hogonal pol arization from cars conmPog/SGRasIod&e9
opposite direction does not affect the radar operation. Fig. 11 shows a 45
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The neshed lpr IS structurally

simlar #%M2 %}r}%o ﬁh?gﬁler&%gﬁ@e@qrgﬁ%@hﬂﬁg E‘?V{]egr%%ggrgde?l@ﬁé%étﬁfw | ane shown
in Fig. 1832 add sletyriitagray betenses dhathemiare cruguasiycavity 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 1532 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

90° may be used as required or desired.



downwar d, expands the inpedance bandw dth, and decreases the antenna gain.
The exenpl ary patterned ground plane shown in Fig. 14b shifts the resonant
f requencywdaswestdsand expands the i npedance bandw dt h wrrisGaosedeuced
penalty in antenna gain 10penalty. This is because the short sides 1404 of
the nmeshes 1402 are radiating el enentg. Metal patches 1424 are added to the
meshed ground pl ane 1414 under the short sides 1404 to act as reflectors so
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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 not shown. The openings 1954, 1958 and 1962 form a three-tier cavity that can house the
radio die.

There are also five metaliic 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 fwo metal layers are in the second and third layers 1952, 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 solder ball pads 1968.



As shown in Fig. 5 known differential feeding structures cut the center
radi ati ng el enent 505. The two feeding termnals are close, so the
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i rst er e arr ant the second | ayer is for
t he part%? 'ﬁg%z%dcﬁﬂgﬁl %9%&@%’9 ?339§nd the next two metal |ayers
are in the setbaaviraibdndihg tethhigyers Whﬂ)&gtabm% imicbisuoree eleetrorges3 3 bond he

ant enna D@gﬁlr{éﬁoetsra% éserfag%dh%r %{Eﬁﬁﬂgf %és}%hmﬁéreg{elatﬁg ?osg-gg?her i:tr&ﬁl a tal

| ayer is pac age ground pla der
bal | 2pader Hec&ngthlgre increased. Interconnection using the fiip-chip technlque 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 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 examples of Figures 19
and 21.



Anot her way of integration of dual grid array antennas 2100 (one antenna
2100 for transm ssion and the other antenna 2100 for reception) in a

chi p- scalwopamkagesf or flip-chip bonding is shown in Fi @CTRE2008/ve04e9 ar e
three co-fired lam nated | ayers for the package. The top antenna | ayer 2172
is a single layer and the bottom | ayey; 2174 contains two | am nated 5| ayers.
There are also four netallic |ayers for the package. The top |ayer 2172 has

the dual grid ennas . pl ane 2114. The
second | ayer W%q%eégn%%%e%idfeg geh?)gﬂﬁ} g?“&iﬁ%@ﬁ%&% @ggp%égﬁgg%es 2176, ‘and the
si ngl e eeneatiments, ihgll be goderstagtBhy thoge skilled ihthe tedhnglegy ¢rasemedthgt mamd of t he
antenna § 1 - LSHSHa/dr ; e dieis
fIip-chiSﬁﬁg% egh%%mf Segﬁgﬁg_Q?ﬁgces9“%8@§§@°é§@gR%ﬂgmgﬁgh%geding net wor ks
of the ddemartinoifepmuie RiesaptieveAtian. 2100. For the dual -feed trace 2126, Fig.
22(a)s; shows two quasi-coaxi al cables cascaded first with two striplines,

t hen anot her two quasi-coaxial cables, and finally vias through two
apertures on the ground plane in a GSGSG arrangenent. For the single-feed
trace 2178, Fig. 22(b) shows a quasi-coaxial cable cascaded with via

t hrough one aperture on the ground plane in 15 a GSG arrangenent. The GSG
and GSGSG arrangenents not only mnimze potential el ectromagnetic
interference but also inprove the feeding performance. The GSG and GSGSG
feedi ng networks are designed together with the grid array antenna 2100.
Fig. 23 illustrates the assenbling the antenna in a chip-scale package with
the systemprinted-circuit board (PCB) 2380. An open cavity 2382 is forned
in the top surface 202384 of the PCB 2380 to house and protect the die
2386. The | ands 2388 on the chip package 2390 are soldered to the PCB 2380
to conplete the interconnects fromthe chip package 2390 to the PCB 2380

t hrough the package 2390. The w re-bondi ng technique is well

est abli shed in consuner electronics. A bond wire functions as a series

i nductor which will drastically increase the |oss as the frequency 25 or
the length are increased. Interconnection using the flip-chip technique has
better performance than using the wre-bondi ng techni que because the bunp
hei ght is kept smaller than the I ength of the bond wire and the bunp
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
di scl osed resonant grid array antenna is for mllineter wavel ength signals.
The design determ nes the dielectric substrate di mensions, the nunber of
meshes, the mcrostrip line inpedances, and the excitation |ocation with
the associ ated dianmeters of the netal via and the aperture. The grid array
antennas may operate maybe, for exanple, 61.5 GHz with a maxi nrum gain of 10
dBi . The inpedance and radiation bandwidth is 7 GHz. 35The efficiency may
be 80% for | EEE 802. 15. 3c standard applications. Figs. 24 and 25 show t he
si mul ated performance of the two exanples of Figures 19 and 21. 11

Wi | st there has been described in the foregoing description exenplary
enbodi ments, it will be understood by those skilled in the technol ogy
concerned that many variations in details of design, construction and/or
operation may be made w thout departing fromthe present invention.



12 The Cains 1.A grid array antenna configured to operate with mllinetre
wavel ength signals, the grid array antenna conprising a plurality of nesh
el enent s woaoaosBEast one radi ati on el enment; each nmesh eCEseR00sS®OMI i Si Ny
at | east one long side and at | east one short 5side operatively connected
to the at |east one long side; at |eaft one of: the at |east one radiating
el enment, the at-least one short side, and the at | east one | ong side having

corrpensaﬂ'aeog for inproved antenna output for inproved antenna radiation.
102. A gri | Y antenna as clainmed in claim1, wherein the conpensation
conpri se$. anAigntl egepaetdned embgured) & opgraie wite adimesreewavslengthesignfatsothet he gr oup

consi sting of.qy Qr'?an Ht Cta%mpﬂsio€9?‘%galtli§{o£n%\'%ﬂe%n{eﬂ&%ﬁ@ta(?feaspbne%&éﬁo% array

antenna as clal ne aim1 Al erein t_ e corrpensat I on
conpri ses a @lefreat eagh mpstt dempMgometising & leashphe lopsgde apd pideast eperhpsl and a

second 15t er GiyB3peralivify ddnh&dted RItHE BBbastBRk loh§ sieCaMshst 8igdfnal each bei ng
operatively connected to an end of the at |east one radiating elenent; the

first term nal aniedileastensi@diptingflementhei ng separated by at |east a half
gui ded wavel engt hthedatidastibriecshartiskig, &ftt enna as clainmed in claim3, wherein
the first term nah}ﬁa;t%? tge econd term nal are connected at each end of the
sane radi ating el cashyy ﬁ\"Qﬁ" K| array antenna as clainmed in claim3,

wher ei n t he havisd cdnepemsatiin forsmpmvedantenha autput farirsproverti@ra¢nnagadiatoment ' s

. | . hpoiting . et
el omihtr 2 gyt gy SRR bELfhRdln oL URERIFRe LomBerR b dRbdbd 16
separ at ed by integsatad glegnentbeingyatilepstiongsatactasftansthe@rour ggpsistingraf:ap ant enna as

claimed in amhyuaBe aQhpsdiah BRd & rédnator.Wher ei n the 25conpensation conprises a

patterned ground plane conprising reflective netal .
3. A gird array antenna as claimed in claim 1 or claim 2, wherein the compensation

comprises a differential feeding network corhprising a first terminal and a second

15 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 radiating element.

20 5. A grid array antenna as claimed in claim 3, wherein the first terminal is connected to
a first radiating element’s inner end, and the second terminal is connected to a
second radiating element’s inner end; the first terminal and the second terminal
being separated by one and a half guided wavelengths. _

6. A grid array antenna as claimed in any one of claims 1 to 5, wherein the

25 compensation comprises a patterned ground plane comprising reflective metal
patches aligned with each of the at least one short sides.

7. A grid array antenna 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 parallelogram.

30 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 parallel to the grid array antenna.

9. 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.

10. A grid array antenna as claimed in claim 9, wherein the wire grid array and the slot

35 grid array are oriented at a relative rotation of 90° and their short sides are relatively
offset.



patches aligned with each of the at | east one short sides. 7. Agrid array
antenna as clained in any one of clains 1 to 6, wherein the at | east one
| ong si dewendiwdsel7at | east one short side are inclined rersGres/ove7each
other to formnesh el enents shaped as a parallelogram 308.A grid array
antenna as clained in any one of claiygs 1 to 7, wherein a second grid array
antenna forns a second | ayer parallel to the grid array antenna. 9. Agrid

array antgenn ' in ¢laim8 rej.n: [ . '
conpri seisﬁa vﬂ\ngﬁé ag’%’?%"%r”raa%,°9%’ﬁ§g1%%‘y\§§§8ﬁ%lg'8¥s irbﬁogrb r“&??eg'{n@éﬁgg}n?%ri ses a
sl ot grid arastgnnal@ray/and thedgrigrareay aatenoa aee Resasifical aach athercl ai m 9, wherein
the wreqgri L ; i ; fe ; el ative
rotati Vonugf g(gﬂgr?gg){ ﬁ@??&i‘%oﬁuﬂé? gg.g{ygﬁg%_ﬁ glg%‘{]tsﬁ/.tgl@ ﬂ(])ﬂégg??&r_sg{g E{Ll. Agrid
array ant ennfird4aver as ag@upchplans agshienegs of vigs fePravige a tavitihere ot Y- second
grid ant ennaagyit avapBktehifasiidifiedin @ orBlofBBiMsal 8 1R ANRSTEIhIaGoéth iseach ot her .
12. Agrid arura%g @ntenna as cl ai gﬁd I n ané gtﬁe of clains 8 _é{o 1%] éurther
conpri si ng aPPNdPYPIOIRFERS prIPendicuiiiy from a2l oLing at et ooe ghorl 5ides and the oy de a
cavi ty- back griesstane eadiatibd8lemlnigri d array antenna as clained in any one of
clains | 12, wherein a tooth I S.provi I Qj LN rpendi.cul.arly from
each of ﬁ‘ﬁe étg"\fgggg)( a@ﬁrénas%so%'?'mgiéggasn é)rqg%? ﬁlglmzfjtﬁﬁtggs‘?h%%gg&ao itrz'i ?hr?ét

el enent . 14. sidegcambrises ane cfribeatrieashonefadiatiegielementirand@ach offtheloagssled to 13,

wher e, each of., i disrertOnpri ses one of the at |east one radiating
el errgont and ré%'{‘cﬂggsg?%g"@ong ?snlq'des 10conpri ses a feeding elenment. 15. An

adapt i velar r &) adaptvn aEay anprnasqompriang pblgast “NQ\B“‘!;?WQY FHeN[PS anelaimeddn as
claimed in apyy eMeor@fairhd flo™.1 to 14. 16. An adaptive array antenna as
clainmed in claim15 further conprising DC feeding network operatively
connect etf-t 0A1 2pgRiye araLaieniass %‘?'mﬁggﬁla"@ﬁg fﬁ’i"?eg COPPIRNGLt &9H99at  15an
i ncl i ned anghetwokopefstipélg kergectea s ioh BRiealf tHeeA Rasisi@ giit iatha@afitaynadtt enna as
clainmed in ang.n%[?e of Fl ainms 1 to 14, the package conprising four |am nated
layefs; a fiPR{CIEI&"9€onprising an antenna |ayer; a second layer with a
first op&hi né;paakddeicothplisiyeat lgast hnegribaraycntgneaias glaingaddn any oner¢fh | ayer with
a third openiag. § {34 {k %ck g BBgriéﬁkaoLP{ %a\?ﬁ?ﬂ g a%ﬂétﬂ{ 01 Qfnftish@v! ty for
a die. '18. A pacskage as ?:) ala§e§ In clarm %@' _ e%el it e decon ISpgni ng is
| arger than enenennalyepetcegd layatwitihe fisheregingpe Hird daveswithhe gegonehan t he
second openi BPenidg and'a RAFHAGRr Rith Q!trﬁﬂd%@nih?; thé frs{sdcbn@and i Bpdsing Wher ei n
the first opening, the second opening and the third opening are all
al i gﬁ‘éd. forming a cavity for a die.
' 18. A package as claimed in claim 17, wherein the second 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. '
25  20. A package 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 pac_kage comprising at least one grid array antenna as claimed in any one of
claims 1 to 14, the packing comprising three co-fired laminated layers; the three co-
30 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 feeding traces and
signal traces.
23. A package as claimed in claim 22, wherein the differential feeding traces comprise
35 two quasi-coaxial cables cascaded with two striplines, another two quasi-coaxial

cables, and vias through two apertures on the ground plane.



2520. A package as clained in any one of clains 17 to 19 further conprising
an adaptive array antenna as clained in claim15 or claim16. 21. A package
conpri si /goaniwadsysi ve array antenna as claimed in cl ai mciBcasosob@irm 16.

22. A package conprising at least one grid array antenna as clained in any
one of clainms 1 to 14, the packing copprising three co-fired | am nated

| ayers; the three co- 30fired |l am nated | ayers conpri si ng an ant enna

(1 ot erfd al AAREISIAES FBRHTI] SRR Aoavheif T Ter (Bn AR PEETRRG (race; and

a third | ayearagepensi ng a ground of the feeding traces and signal traces.
23. Ap ag j i ng
traces copr RSAoKbp as Camad nsfh 32 herdf HeSiibid el ook BompREST 1O
anot her two gquasi-ceaxslcable casshded withhelvig thiguahrensiapertuigendpegrourdérlans t he
ground pj@nep pa&léagg%s cRIREFK 2% 25, W’He‘ff‘élm difhiCétieideting e @bRplidie feedi ng
traces are in G arrangenent. 25. A package as claimed in claim 22
wherein the §|Q$@@f¥}986'8“? eedi ng trace conprises a quasi-coaxial cable

cascaded2a t A packége ok ltiaihigin@Rg oa@efrdlairhe 226 2 RBEDRPriShGBR addplife A
package as cI ai red in cl 3 | q E' th$ si ngl e-ended feeding trace
e B Ared DR 15 2EREEL Gre. ol e med |

conprises a s clainmed in any one of clains
22 to 2528. urAh;aip scalejpatisige gomprisiohp bystem aﬁmta&cnmnntenaal daswiog anbpgh i n claim
15 o, claim 1 28, [ C L ted

cir CLI t boar 836Vof¥ A surﬁc%ﬁegeogﬁo?hg%sg& %%%%l?ont&éq@pfa adzéem? H@?%@Fﬁmtﬁ%%gm ng and
protecting acwfnmsnmmma%agqm@almpdimymne otdaipsiXitag7a package as cl ai ned
in any one of clains 22 to 27.



