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RADI O FREQUENCY (RF) | NTEGRATED CIRCU T (I C) PACKAGES

W TH | NTEGRATED APERTURE- COUPLED PATCH ANTENNA(S) IN
WORMNS 12886 OR OFFSET CAVITIES Field of the | nveP€T/08200$1688514

present invention generally relates to comuni cations

circuitry, and, nore particularly, to radio frequency

(RF) integrated circuit (IC) packages. Background of

RADRO FREQUENTY mag YWTEGRATED (IREUIT IROCPACKRAGESIWITH
NG FORRTELS APERT OUKPD PXTCH ANTERCA(S TNRING
antennas att acheq N/ GIREFFFSE P CAVITIERS M LLEers, 1N
order to radiate tfhe desired srgnmats to or fron1other
el enents of the network. In radi o conmuni cati on

Fiel&}dﬁtlﬁ:ﬂ&vemh as mllinmeter-wave radi os, discrete

ngonents are usually assenbled wth Iom1|ntegrat|on
| eJ P Presepfelfueriin: geAsTallY Feb Sl CRENBIHFREIPNg iTgHitry, and, more
rtiENIRAPSh Y5di 3 R gt MR LS @ I@f@eﬁ 5l evel or
P oarp evel nﬂcr82¥$F% StTUuct ures t F connect
sen1conductors and their required transmtter- or
B ecei yer-antenngs. Wth recent progress in
ac ye nol ogy and packagi ng engi neeri ng,
t hen diwRa8dsomstwsik, tesehneahify SRIMPMAGA{ch@sh §¥t$ste@ﬁnﬂev1ces is
have become smaller. For applications such as wireless
achiened\throygh astannag attagheq USECGIVEﬁeOYOTMﬁmIﬁﬁg, i @tlamtperadgite the

desue%nglé a?s é(% f 8%06‘%6_”5 OVI e 3 ge Oéka riz‘gcgg rgpmmumcatlon

systciY, €ildheasgaillimeteOivatk ﬁidﬁﬁ?@l&ra& dofipenéfs 4@ 1f§ﬁzllBj &séﬁbﬂ@@ with
as wrel ess video) or Ionger (such as radar),
low ppgratiomn lqyslsntThagspryisteans HRsoftearmsermbled aising @@)eﬁfnw} apd bulky

wav 1&@' an(fj %gaﬂa%'g rine‘P nmI I%garﬂg él Cﬂl‘idrgﬁ{lgagtﬁachg*gy' 5eﬁilterconnect

wever, aln antennas 1or wreless Vvi
semiappluctat arahtheh avgined tyansmaitteo\Vor he(a:ma\tviadtehﬁas Sitlpracaiti paggress

. the tenna.is very difficult for .consunger
in sepEongtisiop lochmplogy 20 GHCIEECTIBNReERS B STapisigns o fhpse radio

comASnRattPSREnRMaY bedotnd\GEARS oY ap}lﬁnﬁﬁgﬁjs Kich Y WirkleSs universal
also wdély used in mlitary radars. However,

seriabhuk @3 g tRFopekviting dagtarteeiintimited te aban naneters aod aphméfenhtenna

i SBORE 4 G LS GAPEIBL S M o

longl BVIW MREErSHTBRIAY viteldsd endidd)\)l Qﬁtlbﬁg@r R"Mcﬁocispﬂa&ﬁ? Ofn Hdift-to-point
present i nvention pr ovi de tech n|gues enent|ng

appliRptians, preeagsins\disthigh a Kb depeagimgtanrtbe @nmlmaéqn pae dquired.
How%%r? 'ﬂrﬁsgénq ante%ase %&mlrgl’essr V18 %Bgflé)anuons have very narrow beam
widths, so pointing the antenna is very difficult for consumers. Therefore, a radiation
pattern steerable array, such as a phased array, is necessary. Phased arrays are also widely
used in military radars. However, packaging RF chips with integrated antennas or phased
arrays is extremely difficult and very expensive due to the expensive components and

extensive labor involved.
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of fset cavities. In an exenplary enbodi nent, according
to one aspect of the invention, a radiofrequency
WO paoegesssed circuit chip package with N i nt egrBCBUS2008/088514
aperture-coupl ed patch antennas, N being at |east two,
includes N generally planar patches, and at | east one
general ly planar ground plane spaced inwardly fromthe
Sunhh H8NA1tRe [pvemkisaar patches and substantially parall el
thereto, The ground plane is formed with at |east N
colipneinlys H3dhe presery| isyentionanreyide terhaiquee fan seplemerting RF IC
t;
packE RAR S blaleBRAREE I B B oFpfiee 1, 26 LORRHE Sg andror
offseamdvmemst ant| ally par allel thereto, at |east one radio
requency chip s nwar fromthe feed |ines and
Sbf“é&x rBPIflﬁP e@ﬁ%‘gm@%ég‘m %Bgtt‘ﬁgn@flﬁﬂfﬁﬁo thgrfaventigy. 4 radio-
freqﬁénf:?tmﬁ:# Qa‘iécf AlrBuit AN paa@ag@dwitm@nq{egra&é@ %&mefcsﬁaed patch
l'i nes first substrate layer is formed wt
antegtaspNr b@eg vt thepst &wo.t ppcludesd Nt E@ecaﬂlypplasarl mﬁdteedandn at least one
chi.p-receivin n
eenciall R o B ated AR RK S T MR ERDY miftr BaRes and

subsB@tiBE atalle] Gepdttd Phed@founl thlanddisangmeefwitiedit Dyast e coupling
atch. The patch is formed in a first nmetal |ayer, the

aperfire, shys Shoseia. pad fthe wiats are substmgally wppated| Wy the, pajehes.  Also

. r V,

el RESCILEANE Tkl ANBRSKIAST: AL RS i tani

paraHeittheram, atdeast yne Jaio fraqlehyy cliip spaled molvardlyf ﬁﬂdﬁrﬂ&h’e fead lihes and
trate |l ayer, within the cavity,

cou Cﬁgﬁﬁﬁge g?ﬁnphgldsﬁhaﬁéow e, el it S%Haﬁeﬂémspaced inwardly
frongﬁ@ §EQ links PTaR %rst%%&%ﬁla@r&elslfgﬁﬁ&ﬁ%thﬁ dh rercblrxlfﬂg cavity, and

shape. The island i's substantial oppose
the ablip p-lo@ted Wi thg chipuietapving wadtiot Ae lad«hpbnai reddmean maha;teh a second

subs B0 SAREROSEY Y oS RERSh Bl obRl HRS nd oA e
the pa@@SThOGHCH a8l foliedNd 4 DAL hidtANaRdr, Iﬂé%rﬁﬁhdoplaﬁé @s fd¥ed in a
chip-receiving cavity are subst antiall y supported awa

secomil cmﬁt@lrﬂéqua ilze seoehd wubstthM@méfﬁﬁr@g pecantermangaviipd The N
br| n re ne tegrated circuit
genecahllyﬁ3 %né% ag iée%r?hocﬁgd ehger ar 4 %Vélyt ure-coupl ed patch
anDeticEsly, bhbﬂhr[tglsaionhec&&i tHewcondsubstes afre, shilpsthefcavity,
provi di ng a_package of the kind described (less the ]
thus é‘ﬁf“b‘)lg aingrs PIPFeO ¢ Cavity and the gerergbisplanasqutchgnare located in
the r%n%‘zsgéé/e: tnlsl’qulafl %fs‘ri]lg%ﬁ a'ilgg)'pgogeﬁgg 'tthl%%gl Fe%é Qldgr%glt}é d by
t hin anestest toptionat fapproacts hhepantettna dahﬂ!y axasplatqd away (offset) from the

chip-receiving cavity when viewed in plan, such that loads incurred during insertion of
the chip into the chip-receiving cavity are substantially supported away from the antenna
cavity.

In another aspect, a method of fabricating a radio-frequency integrated circuit
chip package with N integrated aperture-coupled patch antennas, N being at least two,
includes the steps of providing a package of the kind described (less the chip), with the

optional island as described, and inserting at least one radio frequency chip into the
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In yet another aspect, a nmethod of fabricating a

radi o-frequency integrated circuit chip package wwth N
WO nioegesssed aperture-coupl ed patch antennas, NOEUSZPO#088514

| east two, includes the steps of providing a package

of the kind described (less the chip), with the

optional offset cavity configuration as described, and
cavifyDSdth thegisRhd |sappdrting @odds dhduded egueiaCivisetion off nhe® chipeinto the

.cavity, such that |oads incurred during insertion of
cavifyhe chip into the chip-receiving cavity are

su Le L ram. ot ' N

e e G R oo AR PR3 Bk ireui
chipf mckapet with N intpgretcd spesurargdupled peht dngennasyidé beofg at least two,

. ,components previausly invol yed w ackagi n . .

inc i i seps ofh BER GG > Seiee abind CpERPET e chip), with the

optiRRY AHeORaviRS hbAByRARIERS deByRRH] OBndMihderQL @fMBeast one radio
apparent fromthe follow ng detail ed description of

frequdnicy shipainios e ety sueln that 1dadp ensturreguduong irsertipnoef the ghiip into
LR connection with: the.accaonpanwui.n | i.ef.

the o3 f R P se ¥y Mt b it SOPRRRY 1y I eenlh s,
emopdi grafdre mbbdRAEKAGE the iRvetidBSars 8Gitdbdd foradi€shaticngrocesses
to an_aspect of the invention, FIG 2 shows an

and gsdupfothg nymbshofdiomaenerss PrNsskrinyRlvshyeh pagkagngagtennas.
segt Lon ing .t [ fon: .
Fi b GRGE ks, Rl 8L aARERE B b fres M ARorBn il

becomac kpygpeent i firorar the foHewinigodstaibedcdasdiiptgprt of yldistratiod lesrbodiments
aspect. of the invention; FI 4 is a battgm vi ew of an

thefﬁ‘é&e‘ﬁbllcgﬂ%/top?ﬁé CRAPFEIARR “P@t’f‘%%‘t"SF‘PB‘FYIB% 88’??6%%%ed
reflector; FIG 5 is a bottomview of an exenplary
package with a visible reflector; FIG 6 is a bottom

Brief Descrigticmofthe Brlaminespl anar phased array enbodi ment;
S L&%;le I’Sﬁ%\gscatgf eﬁg&%’}% %fg‘lb]%ﬂlrmeq%g ?)IP %g%)ci(%gg, Idlir;] gﬂ%g\s/éctt%n, according

to arl A¥pe&lIf et ihPéRRRE Note that the terms top view and
pl an view are used interchangeably herein); FIG 8 is

a EFGs3 shews iaprexeamplany srhedimnt ©f \anpthes/ppekage, T @ossysection,
accogié to%j‘{oi%l'ée? ngge%Q(?frthX ﬁ{v%ht?(ﬂl‘Of t he paCkage Of FI G 7;

ross sectron’taken along line X-X in
FI G1G.93 Hdws dhlexempiary @mbedidvwenobf get@inothel packagd)dn crwés kection,
acco?c%gg ?og}?ét aggt(}:lgrrzgsipgc% otf ?heyir?\t/en%ofl;u rther

FIG. 4 is a bottom view of an exemplary package with no reflector or an
embedded reflector;

FIG. 5 is a bottom view of an exemplary package with a visible reflector;

FIG. 6 is a bottom view of an exemplary planar phased array embodiment;

FIG. 7 is a top view of a rectangular ring cavity package, according to a further
aspect of the invention (please note that the terms top view and plan view are used
interchangeably herein);

FIG. 8 is a cross section taken along line VIII-VIII in FIG. 7;

FIG. 9 is a larger version of the package of FIG. 7;

FIG. 10 is a cross section taken along line X-X in FIG. 9;
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aspect of the invention; FIG 12 is a cross section

taken along line XII1-XIl in FIG 11; FIG 13 is a
w@pmbhzaseaer si on of the package of FIG 11; FIET/UZ2008088514

a cross section taken along Iine XIV-XIV in FIG 13;

FIG 15 is a top view of an offset (side-by-side)

cavity package, according to a still further aspect of

t he1GnVeRtd ©p vidw 6f a bcilar An€ tHES [eRide0Acdodkiff i@y @nfurther

line XVI-XVI in FIG 15; FIG 17 is a top view of an
aspegh@fii¢ WVentiankt een ant enna phased-array configurati on,
ac t r : L nvention;
angﬁﬁ'ﬁfé gfé:??sgg%&%éggal{/ﬁ“gv&gh%?g?%gg i]ILI):(lteChrigllélry Si xt een
anFEGNEB iphasmatlenvarsign obtikeipgekagt o6hRlG.adcor di ng to an

ddi ti onal t.of the. i [ '
P b1 B 5157 0h SHHtPdth B b Bt SN R Gy Fror o
empagi PR S (& vieheof &Y 6fttdt Qﬁdabg.\éidése cgﬂtya?gﬁagé, Yscatlfhg to a

met hod for | ow cost packages with integrated antennas
still &nthep hspsetcbfdhe myentgmer ating in the milinmeter wave

( ve). range. An enpl ar . i e kage with
e s B sreibe SRR R I PR e r ot el

Ci Fowi 17 Baabs vieRCEan ckb@pRag kiagen ek pHased-&fray configuration,
exanpl e, a rectangular or ring cavity for inplenmenting

accopding @y ush e aaprcbahifie veationgndnna arrays and
ity housi ia fr F
“nPAGTBCRY k| Pp PN 0P JTOMRY CEaly L SOE Alenh dhased-amay

egra circul

confidueationy sutbiding &l sxadditinalspé@ ofithieduemtion. over conme t he
difficulties in nmaking internal cavities and to avoid
the need to enploy wire bond technol ogy at nmmAMave

Detzfifeﬁqy&&gg fign omag}r.@ﬁ'ﬁlﬁbmimteﬂf‘s anent i ve packagi ng

e PCB manufacturing
pr One s nzovel codnodineentseftthe anveptiok agpesdevart dpparatus and method for

i nt egrated aptenna qr antenn rray. | nstances. of the.
low pify GHGHERS YROLTBRAEABEPE BaS TR AT RGN TR the milimeter
wavé Mn@owald dafsd. eAN akeplaBl #RNtIRNPERAg@WiBY Hitedrited antennas is
particular, chip packaging with Integrated antennas or
basegd loarramuptierse griated apjredie Sognds(PLHY). hra/package eapiainsifesexample, a
above. Typical.. chi p. packages w th_inteqrat ntenna
rece g0 o A o7 RRiREnREE Hebebek A, flRLSOfF Bnienna
array¥eing agfthengidsty hatsng imWade RAiKRGRicAS (RIS integiatkd dircuit chips.
some i nstances, a ) . ) i
One or more embodiments of the invention also provide techniques to overcome the
difficulties in making internal cavities and to avoid the need to employ wire bond
technology at mmWave frequencies. Embodiments of the inventive packaging
technology are consistent with the PCB manufacturing process and can be used for
packages with an integrated antenna or antenna array.

Instances of the invention thus provide low cost packaging with integrated
antennas or planar phased arrays; in particular, chip packaging with integrated antennas
or planar phased array designs for mmWave frequencies and above.

Typical chip packages with integrated antennas have three major parts: (i) an RF
chip, (ii) one or more antennas, and (iii) a package carrier (and in some instances, a

package lid or cover, or an encapsulant to protect the package). One or more
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package lid or cover, or an encapsulant to protect the
package). One or noreenbodi nents of the invention
w@e@vieks6@ package that has high performance aP@BEORN68/088514
an interface for flip-chipping an RF chip and an
interface for flip-chipping the package to a printed
circuit nother board. FIG 1 shows a cross-sectiona

embédi@neyf ofafe EXRANbR i vVRRCK pRaddBat BA0K b&Forhtind& antennas, an
aspect of the invention. Note that section lining is

interfagetfpr fin-ehiBRig s 60 Rk elp nd ap dgerfacs for fli-¢hipping e package to a
: : n total layers, including substrate
o RSR8E h SELS

ayers. For mmMave appli cati ons,
espéGi hlshgyws arcrdss-agetmmal eiswadfamneex@thplary paticigadiofgadcotding to

and/or | ayer .thickness has to be.considered jn the
an azpect E}ﬁlthﬁll%‘@élggr}' Olreiiat JeENPTL ARIAR higgmﬁg:aéf“i?}lg oY dhes fgures, for

clari@VTRIp R RdYseS ¥l {otal 18y ek e ARt SN AR aRADSARNIAY layers. For
arts wll know how to take the thickness into accou%}

mm $age pplicagornsispacidiyglor frequénsias rabPeB6f LBz, clatuinding film and/or

t echni es .to make,enbodi nt.s of the i.nvention. .Th )
tayeh HisE 5 00 B TR TaE R AR HTRE B Broski vy Ll Baitiped erein, o
persPRhhvifig blinary BElEinithe ditertal-06 PaskagsigdatsrallisknbkZhow to take the

Imedi ately 1nward therefromis a nmetal |ayer used for

thicknggs inie aproas) andpbow to employdigh peasisianni(B)fabrigatian decbhiques to
QSR 00 R, PR g Po Al s

In pprtieviatetie®@sisdinsoutesadt behsaale H02e Bnfbediawtly idwarl ay@efrom is a

%Q6, anot her substrate Igé?% 108, and anot her bound
metaljlpyr juggab for 1the patsheEh &4 abths patcky asptennatiha Tawend ¢fghp qubstrate

102 hihd %té@%ntehﬁa He£ ni}?ﬁ )sitn?ﬁ: dhtanh ﬁseﬁ%?ﬂgﬁdn #gﬁ@fl H0€more can be

pat antenna. Slot’(s 13 on t ané are
provided s fdiscussheé beloaw) tarer ebowid filindapgyd 06 paretlen sphstdteplayeri 08, and

T T T T
the @86hd PANEIT 16 B MeSpatctddni&inassHt(Bel Ben % rB@ikd PRS hiealsed for

112 is inward from ground plane 110. ot her net al
the gpgspaties pEthie ppetturefcoupled pash pateenas 1 Pheagrdundplgse dil Q also separates

v BB AR 5 A Py s B0 1 e

belo: control | ed col | apse chip connection") type of

connection), and interconnection(s) 122 (as )
appmeer aubsiraeol 13ns ipparddrem greued planenl s 4xpethepmeta fayer is

: f u i : '

im0 AU 1D Sold B ) AR ofRhnd BRI 144, pacs

116,128, il DivdiordRBf chifyp aovthetidrm (pRerablysd flig-cHipiGdh€commedlrd collapse
vides.all the pads for signal, control, p

chip g ercy,gﬁ’ﬁﬁweg?fo%aefé@ﬁh@eg ingprSoRSeIRS A @5 apRisp iR one
or mBRINI&Y, sithas Wia 994 tih @Gufth@BobAE filrh WYe 13 @ nvidr@bF the)metal layer
forming feed line 114, and a further substrate 128 inward of bound film 126. A still
further metal layer provides all the pads for signal, control, power supply, and ground
connections to the mother PCB (the mother PCB is omitted from the figure for clarity).
Pads may include ground pad 130 interconnected with ground plane 110 through ground

via 140, as well as one or more of signal, power, and control pads exemplified by pad 132

connected to interconnection 122 and antipad 142 by via 124. The vias may be, for
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Pads may include ground pad 130 interconnected wth
ground plane 110 through ground via 140, as well as
wW@r@oaesspor e of signal, power, and control padBCT/US2008/088514
exenplified by pad 132 connected to interconnection
122 and antipad 142 by via 124. The vias may be,
forexanpl e, plated through hol es. Package pads 134 may
exardpleOplardnhvph ®dles DEpsde pAdOM4 hey BRL W p’clmldéw aDepending on
design, an optional reflector 144 can al so
the paigh aiemAclesien. ameptionbrefisstar 1#hgay alse be H@plﬁ@agtei@@ the same

met%lg%)ier 39the plfg 4§@g%§égg{éﬁnre 1?1§tag<l[e§ Cééscﬁs%(a Qﬁlb%}/&w ttl%:ereﬂector

ect or gment the I
144 appnieslded. t he chip 162 preferably has a plurallty of

sol.der dots c ected direc hi necti.on
ade mysmange T hipgrarmahebe chie [ B aRRS S @ ploralty of
soldbla&ﬂ%%eme@ahsag&owcmﬁ c&uecﬁé&ﬁpa-agqqé orrg, $p@port ed
foam material with a dielectric constant close

t o Tonentanc¢ dhe fpla@hu@ﬁ@ylaabmda“a@th; @nt@hes—lomvb¢ ,airasuspended or
Ve fr uenC|es

supREh Wl F S M5t yERPR lefielrte (iiaREESROR ane sty fieauency

appl&faﬁoﬁ@Hdv%’i'kt St infim WhRel Sreqiidhc 9 CespEciflly orgiibloglicapplisatidhs, air
the invention, an air cavity 150 can be inplenented in

suspepded dRam e¥pPoTtsd patshes ars agbrsakistisml higy Iyarceer rHofejempodiments
of iy iy BT B0, ) A0l 5 e RRE iR Ehdagls PTE Ao Sosues
fronhBotezabdstduriag elid RCB Mufdmmrmgt;em peitf lad ¢(@NLE. caldie employed.
exa Ie, hoJ e, 15 n, be Iocat r the m ddle of
ThegaoIsn oy SI@HSCf \ohdld they Ws %f?fas:ﬁ op e nfeAnayperfgpmance.
For @J@agnq}g@nh&@ 18846n b8 18dateehhr %ﬁ@aﬁﬁddl@ Qflﬁ'ieséa%ﬁ% 1‘5’Otd? close to the

ate venting. The vent holes can be on
edgq ofitter wwety p&0.t arof yar e wadd rejatively amabh omlstemt F\mh aflequate

or t he si.de of, the,cavi as SC d bel.o
vent§ig, o 851 BHEF H At e S bR S B G50 as shovw in
FIGOT @HOA thY 506 of U davitila§ Aisdaged fb@lbmlépéiﬂuiy S ¢ manufacturing
connections through vias (e.g., via 140) and signal,

PKwS@Mﬁﬁd and control connections t hrough vi as and

' 4 t n .
of t'[‘gg %gg'un% lane ltld %a%g(% Hggtd %? tclf r%egrggré dco %r}ec{; glésné]&oug vias
(e.g polaeldD) axid sigmatlnmiwe‘rmm dodtral ¢dnyigctiofBthirpagisvias @nd antipads (e.g.,
benefjcial fraoma manufacturing standpoint, and result
via }24 Wik patradgl 42 tliushptive 9f a xia Wl%l alglnaﬂfthatcc@md fegused for SIgnal

powBC hble\é%&tz% 'tfﬁr?ttlog%ﬁ’t%j n Qgﬁlgbcgl a¥d Eb%néﬁ 18 ’fr]"(])\{ﬂ ap IﬁMacturlng

as via ot ext rough
standiainic tind egsulti inhinuteaseslerebidbikityt |apadss d]ﬁﬁCLﬂpEnachleve rehab111ty in
chi p-recei.vin caV|t¥ Pt gcket 160, i s real %u th
partia Blgf (if-avigSHIch 4§ via 124 that do not extend completely throug a structure)
without use of antipads.

An open chip-receiving cavity or socket 160 is realized in the substrate 128 and
bound film 126. This socket is used to hold the RF chip 162. The chip is attached to the
package through flip-chip bonding.

Note that all the mmWave components (antennas, power amplifiers, low noise
amplifiers, and the like) are in the package 100. Vias 124, 140 are used to pass through

DC or much lower frequency signals.
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bound film 126. This socket is used to hold the RF
chip 162. The chip is attached to the package through
wo RoopAzdsse bondi ng. Note that all the nmAave cROURNS/E88514
(antennas, power anplifiers, |ow noise anplifiers, and
the like) are in the package 100. Vias 124, 140 are
used to pass through DC or nmuch | ower frequency
Si gnﬁl pac]Eh% pacb krﬁ@ed aﬂl%t@ﬁusiﬁ;mngmhedjhsb Mgble?ahéxaghﬁd (not
to the nother boar not shown) through a ball gri
showp) thyoughadpll grd@rray (8F¢Ms an enbodi ment 200
su a ar te; . : t
et et o B e P S, it go xeep
that|reffentorl /43 isreseapbubited bY e atlditiodal boand layer dddiihwardadf reflector

suhbstrate .172 i pward .bound er, 170. . SimJar, itens
144 SBiGHE LRSI aP e BBl 1L M an RS have
recePRdABE Ghmb adfeddRE hunfBRl Rnd 8GRI not B &AEKRM %g@_ﬁh.i THip $Qeiving

fornmed in substrate 172 and bound layer 170 in this

socketrboisrataet forrmedan spbsftatend72andevivodilayent 7Bmghis embodiment.

su anty al | siml.ar _to.e di nt . 200 .except,;. th

s 1G3E5h 3 Ehfhdifbnt MBI R il S KEBRAim R 500 pxcept
thatGaMi 3352 hbQ.sidewalyb dirolgle e 80®sd @€ &) var caligy $80 Similar items

reference nunber and will not be described again. FIG
haveregeizedhesame peferegas HIBhET 400 Wil 8pbedfispribedagai.

en Sy i : ) R C .

partial] prorill i hEREERR ok Siere, 3B, 02 Ds "BRaRRIned wit
encgpsulpmsHR . oFher dsp san be pintiailyl bt yomplelyuermbpswated, foueample, for

ads 404 .may correspond,, for exanple, to attachnent,

puriRass o SR RHmidgy- orotirTipal ik bads 4Ry mpsceoritgpeng. for
exafipiR! 4§ 3tthdbn&t, h&R&onBEGRNAQP JTBIIC BAIsCHRANS phdT130, while a

exanple, to signal, control, or power pads such as pad
plurdl®g of inmeFpds 46 mayeearespondpfar ekdrapleoto segnat, lventrelf degrtvear pads

is e ed. shows a.view 500 sinilar t I, ew
s BB HLE 1 1 F e kABEEb £ TOFT Worereider s shibedddd Fic. 5
showd Bvielv 560 Qinhifdr tb WP 400 BE SfoLf pAckask Wil SRIBctbL | £4, 80618 as in
nunber and wi |l not be described again. FIG 6 shows
FiGah Siuilgpslitemy hare kesgiecdtn saine riefgrepgonynberand g getbe described
array layout. It is possible to have nore than two
antennas on each row. This basic 2x2 array can be used
t 0 FIGr 6rstiaveshar éxegplargpackage 600 watthdi 2x20s1aka® phadedtarray layout. It
antenna patch 104 with first feed line 114, al so

is pasidlefadavamors ke AYo apigpRag ofifach &w-tﬁhi%msw 35Ep (9B de used
o 1oy B R R6ES AR SERAA O r i e 1

also included are second, third and fourth antenna patches 602, 604, 606 with

agai

corresponding second, third and fourth feed lines 608, 610, 612. Each feed line is
connected to chip 162 as described above. Although, for purposes of illustrative
convenience, the feed lines are shown ending at the patches in FIG. 6, it will be
appreciated that they may overlap the corresponding patches when viewed in top or
bottom plan views, and are spaced from the corresponding patch and coupling aperture
when viewed in cross-section as shown in FIGS. 1-3 (for example, one end of the feed
line passes the center of the patch (FIG. 17) or stays at the center (FIG. 18). The other
end of the feed line goes just past the edge of the RF chip).
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connected to chip 162 as described above. Although,
for purposes of illustrative convenience, the feed
WO 20ve828%5€ shown ending at the patches in Fl G PGI/UB1008/088514
will be appreciated that they nmay overlap the
correspondi ng patches when viewed in top or bottom
pl an views, and are spaced fromthe correspondi ng
patcwilemds 66 upprctigtednBitt ddperts\bieihe Th ki intlude a package with a
cross-section as shown in FIGS. 1-3 (for exanE one,
sockghtpr gh Rfrdin, sgd ajplanar prisanss [npae ererﬁpra?rmaﬁnqeﬁ & RiFcdhip is flip-

Chlp( E (é'h?d"z%] tfl éﬁgﬁ%/%%natlntgﬁﬁl GENtiEd chi 16 udkd) to Trgﬁro‘?/&l htﬁé{r_patch

oes just past the edge o
band)hd]:h) [Yenting | hdlhmsalh)doeapmdem aetm@lvet et hats [gemsduﬁngt e PCB

o STt ISR B2 A, kbl et o
Theﬁag&aggcaﬁh&r&%rﬁeﬁt ol Y Phikd aghed to the package.

nternal cavities can be used to inprove the patch
bahadwiett bf thée discurgionodieEIGaNl -beitusidldbe epprecioted thate i general

ases durin PCB manuf actur rocess., The
termo A St Syl PhChCA R, REkAET RIORERE 1, BT giest of the
inveBi#h, cﬁhan@lﬁﬁgéﬂ%a@ﬁ@né f@éh&ﬁﬁfﬁt ldhaP lpaRB! shASLPa@hl @M.  Also
In view of the discussion of FIGS. 1- 6, it will be

inclyded ieatileasbena grperallyplayan ayoynd p@pﬁ;seuclap,s plane 110, spaced inwardly

fronfhe §t§%‘%§¥§ gfféﬁ%ﬁgatﬁﬂ & r?c(‘éu%@t@lf”i‘nﬁ r}&‘d?zﬂgi ?&?eq-lh@%r&gld plane

nven I on, can I ast “one
is fogaedkwithlay lqalstaﬁﬁrcopplﬁlﬁglapeﬁwfﬁslas syvhtasBlot 043, tAbiein. The slot 113

s Sy DS DM i 82800 075 At Dbt n 5B ghdine 114, is
. |
Spactgﬁ NRERdly Wrcﬁh ﬂgéra% oﬁlgci Bfagérllgfl(l) ?ﬂ?ls%ﬂt?%&%{b?lk%g%a){ epﬁlre?été) €At least

ereto: or ne eas one
one radlmfrequgn%pénp Lsueh 8§ dhiip 1626k spesed [rMardljzfﬁorm Herfeedlinehiet and

s cqiplih Koy fesld i R @l RERPR ey 1017 B Gaghdet 1'% fir

substrRieafadéy shEPmst et %Mdbﬁhﬁ)ﬁﬁd et QQ@ dn? substrate 128, spaced
subst anti al L‘Xb parallel thereto. At |east one radio
1)

inwgrdly droam the fe e st hT@sﬁrtsmqbstI@Q laﬂeswsfpan@hWithwmhm yeceiving

Jro thef to the feed li

cavilyy S i) oviE Hich 1 BRNE S 1R Bt st e Sy b
subsdenathe deé’dﬂ:}fuon&ié@éina@pt:ﬂ@aﬁ skifledredl thy POBU&A Adteifaldfs can
and substrate 128, spaced inwardly fromthe feed |ine

makq gmbodiments ok thesinbentioat eNprriBnting exasmpleolvmaterials that may be
usedcxglﬁRldE etﬁajrﬁ/ds&gpﬁigt‘fclt/%éfamﬁ%&eﬁs ﬁ%vblt ¥indif43- laﬂiﬁ%é@sh %#h as the

ocat ed e Chi p-rece I'Vi ng cavit
Rogdrb R O®oPi @tico of haatetials (ancbeﬂﬁf) moﬁ:batllblednataruﬂh)e aviiBble from

and. ant enna arts can. nake e di nrents, of the
ROg¢TRPIIBHON R RAZEFH GOH@C%%@%& 3§ TWsthpd PR TR Metatdgyers,

/ I
possg)?y gaaq)lats& bH%ﬁdg BESHDS u@{?opégaﬁagc GREEMEhNRY& a8 RS Red for

I mlar nates s
all the depicted embodiments, including FIGS. 1-18.

It will be appreciated that advantageously, embodiments of the invention, such as
100, 200, and 300, provide a complete package and not a mere patch antenna separate
from the chip and other packaging.

Note that vias such as 124, 140 may be formed, for example, using plated through

holes.
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Rogers RO4000(r) series of materials (and other
conpati ble materials) avail able from Rogers

w@paesstd on of Rogers, Connecticut USA, as wePCT/HS2008/088514
copper for nmetal |ayers, possibly gold-plated on pads
or other exposed areas. Simlar techniques can be used
for all the depicted enbodi nents, including FIGS.

1- Eghbolifmenitd t!)f the nillsliklﬁﬁ@ﬁ infaly@dkot 1halhd@d\$&ﬁindg;ﬁbstﬁite/ layer, such as
enbodi nents of the invention, such as 200, and

that Seygred gayobeteats 108 mpr dound fims 486,209, Hﬁ%rpaseﬁérlea Isgtogrpetween

e QRGP PRaB R AE, FAOD A6 ALY RIS may e
advamxgepisty foshed ipl atfest tﬂataiugtyemahésthEngrodmd‘rmhm dﬂOtlhey be
also inclu a second substrate | ayer,

i nvent i op ma
ad V@%ﬁ"‘?‘fi}' F"I’i@{agfrb? sreqne fne FF ate 108 and bound films

106y 0hO@%r thbleetRBSGRRehR, & tﬁﬁ&lsaslst&eet WEeH $ubk 9@ fhrmed by
pl ane 110 and a pl ane defi ned K the patch 104. The
¢

subsprateclﬂ 2] (Mintesgosioé nad\ragwa@emhy emmedl planeal 10j andithe feed line

1142008 B PE Pek Ral PHE B2 i gl e, futher

one 6f nmoRd PackaBdinRBéGanc® Wit EbsdibfRhisadfeht @nehtios u@b iAdlude at
that formed by substrate 112, is interposed in

leastyengi B syeh arwid 199 faymed i thel thire Syt Y erHd 2fa8dcpoupled to the
grou?l&?)}lan-ggqne t1§ glt{ﬂﬂlﬂg ro:l“ Jcéxg%n@c%oﬂﬂ)\éﬁp Laae 9&5&&5 I%r E’Féj 126 can

dr nore packages’i
be f(&ﬁﬁd fil &RthrWrﬁdﬁal&mjtwdIAITﬂba’aElSormfoftt]IiEEchm\zaﬁtebmm pads, such as 118,
i ncl ude at | east one via, suc f or ned

can pRecauplefqtos st kepet pagata 199 Tarihe \éhhﬁw@ Sty ey | The chip

I read 4 f
con SEUELRA0e RSl ik 1 68 Paohesis @1

ﬂw\mmﬂa4qmdyé6) At Ieast one of the chip connectlon pads,
h as 118, ca c ed to the at. |l .east
ToBR AF e bRPPATETbal i B r ot g PR eoRRE gl pads
one RRGR0ROBRM Rt fiRsChAP dne dhehok@gdwlet REpdiddpddeadil 181@)Nhlch are
the via 190 (pad 118) and the via 124 (pad 116).

exenplifindriy padhbifl, me rell a5t onetrs ergegreunshpady suchas Ud8- oTh,e signal,
control, p PoL& s S Pya o agusr’ld UM AL 2004 Ft‘ge R4 qlo eaad fh aaf%gnh metal
the PR P, BUL LR P i 0V agpeeBin Ao

sup pad are

layeﬁXr%Tﬂd)tbdi Ipﬁdkatg‘é padsl1 M3an @ﬁoh\ﬂlyi begsrovided.or nore ground
such as 130. The signal, control, power sup
an élmladﬁéedp@dgleav 81059 wh@%lg@aw; gt least ﬁ@edgqor}n%mowi{lws 140,

cou;{fg& gﬂ#eoél.l%gg% pldﬁ@ 1764LR4 theoéi'ghlﬁgﬁadoﬂqﬁ Tt G&d3t ORd ﬁgx%ﬂﬁ‘él W% 140
passes through the first and third substrate layers (e.g., substrate 112, bound film 126, and
substrate 128), in a region not intersecting the feed line 114. One or more embodiments
include at least one each of power, signal, and control antipads, such as antipad 142,
formed substantially coplanar with the ground plane 110. At least one signal via couples
the signal antipad and the signal pad, and passes through the first and third substrate
layers. Similarly, at least one power via couples the power antipad and the power pad,
and passes through the first and third substrate layers. Furthermore, at least one control

via couples the control antipad and the control pad, and passes through the first and third
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Al'so included in one or nore enbodinents is at | east

one ground via, such as 140, coupling the ground pl ane
wa1@aessed he ground pad 130. The at | east one BEDURH08/088514

via 140 passes through the first and third substrate

| ayers (e.g., substrate 112, bound film 126, and

substrate 128), in a region not intersecting the feed

substrafedayleld. AOnStedl pm)rﬁ oo, aRh hiitipad 40 dee Alustr@a&tofqhaa, via,
each of power, sig , and control anti pads, such as

and &fﬁtﬂaéﬁk?n!ﬁ!!ﬁ? thatdn%'ae %rek%i@aﬁ?r. ramyeys sigal é‘ﬁﬁﬁowa Hupgiienality.
9" AUNREL AL inlddthe fﬁE h@e@sé r ‘ﬂ]‘%&o?' 88Rhs 1"44a ngHPédﬁﬁwE from
signal anti pad and t and s throu

the thiré sibstimte laysd dnldiis @ew&di,}t omtosed a)ytehe sou;ﬁmg_ dparthse, slatt 1 13 The

| east e rV|a coupl th 0 r atl ad and t
refles e il R PeE et REh Of 1B 1o DS AReT de 2, nmost
surf&¥ kaﬁfsﬁ@&ﬁtel P26 Fhe RHLRR AP BE exfised %@%ﬁ FRBE1, &R RhdbRlded, as in

via couples the control antipad and the control pad,

FIGSirdanglads slewhtthcge@ﬂie phekage cant inghvde talfomﬂsmbstrataﬂ@er such as that
a_l2 and
forg A, BT 8 g Yot 1 12 5 nPRfbuf bl ctor 104

The tdTREtoRBIN hAs BE emw@ﬁdfbefwdaﬁw ﬁrssargnahnh aﬁ&t@mtawb
functionality. As also noted, in sone instance

r efiduatageouslyicthe second substigteslavaresich anhad IfWFié’ﬁhﬁlﬁ’é 106, 109
st & r s t
o SRS R ek MR P8 sh g0 Ly ORISR WPcavi
150 hsokmatedi betwaan therpetch Sll0|4faad ahotodgimgfapegtiresdldnst k3ainethe ground
nmost surface of substrate 128). The

plang e ateieibln 35,880B45, Togmeq i ppramUBicalfh SHiperiienl; such as
vental%Z' dt $50C9n Re 3tflr 2ase, As WFEH. £aRE vENE3 2EKBHRL fthe dsecond

include a fourth substrate layer, such as that forne
subshygte Dapendinfraktiaulaz Dinagudbstsate 4 08. airethbﬂ’arm@pasee dennir gl fprmed in

f.r.aomthe refl ector 144. The refI cto

an o] Fon e iy it i, B et S oGP DS ouowaraiy
frorﬂ Y Patch WY LSRNV & formédBn URCATIHiSHAP ShbsALR hRHEN02, and the

such as that fornmed by filnms 106, 109 and substrate

Ventl@@’ﬂnﬁ%lrﬂbﬁ peditional subsitrate layesd @Rt y, such as cavity 150,
%r %d Ah’lr reg%\élta 3151(]}5@ in né oFa 1% err?%tﬁl\/\rlggﬁ§ hP ﬁw%‘%e%?on two

ng aperture s e groun
or mpfeapwch]ai Q@re 1B{;ﬂérﬁé:ﬁbd Yo folrfen ;alamarq:am;dd)artas f’lOruﬁel@l geﬁeral terms
omruni cation with a vent, such as ve

the %‘??émdéﬁctl%,sﬁd Rdch 184 may ﬂvpcziesgna@eas\/énférsemtctls afl‘é rthwbove-
dlscds cf f@:@d ﬁﬁg?gg 1532111 lﬁ?srt rf@etd%leayﬁ{e’ rbﬁ‘ncp Eﬁé Géf%lgé' fosnln?d with one or

s rate n the fornmer se ent
mord adcmroratl dodplmlgadpeﬂuhsilasta,t lékel siytef],3 S'lﬁhch packapdradn imllmiecbne or

ubstrate 102, spaced. outwardl m t tch
morerﬁeé 5l B B D PoAHES octi P PTG 08, T %%erspaced
outwaRRy fl"’(’aﬂijtHel'lﬁ‘oﬁﬁ?d1 lahé. fT(BE RditioRalt ﬂ@ts 44 'bE'sgﬂﬁllntlally Oé)posed to
substrate layer 102. noted with regard
the additiona mtchesr dhe nvbddmgmam slsofinglinde @nwcsmmpmddumal feed lines,
such as lines 608, 610, 614, spaced inwardly from the ground plane and substantially
parallel thereto. The at least one radio frequency chip 162 is coupled to the additional
feed line(s) and the first patch and additional patch(es) are arranged to form a planar

phased array. A single large ground plane with multiple slots can be employed in phased

10
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or nore patches are inplenented to forma planar

phased array. Thus, in general terns, the
wabwva2sssccussed patch 104 nay be desi gnat ed aBCHUS1008088514

pat ch, and the abovedi scussed feed line 114 is a first

feed line. The ground plane can be forned wth one or

nore additional coupling aperture slots, like slot

arrayl ddbodiRRnidack é}u@@se@adirdyrtﬁhliﬂcﬁu&m&q}oﬁulﬁw&) fametihkd gfba{er than or
z%enerally pl anar patches, such as patches 602,
equ

BBLWOs BAVEYErRAWRIF B YV 318 A YHEA2§PBuAE- B e 16TH and so on.
adgi,f 4,9 ﬁppﬁtéﬁoﬁs Ctﬂé‘sr;%%u% é‘e%tthé‘kﬁtx R8x s epgﬂ)gumately

additi ge can also inc
one-balf abthe fﬂadctpﬁdeama\}elér@dd(fbn en«amples abdut&@sS hinnes6BCBlz). As, it is
614, aced i nwar fromt ground pl ane and ) i
challgfigjig dhorma emenh g ﬁlnylslcawﬂﬁ fntepRgs. 4 (he sayitoallrigdee thin
Embt)aﬁ%@sn&fythe hhRenkifR »\»ﬁcw&w&s@ Ghit qssusl viAdl didR8gl \L@@ tbgard to
I'tne(s) and the first patch and additional patch(es)
FIGS&r &-18r r &inpe dr troofeopmsaclpleartmdindnas edvantagepuslA promigle eease of
fabricd g%ound lane with nultiple slots can be enpl oyed
arw%“%ﬂﬁ U4PY 87 ERBodi nents. A phased array can i ncl ude

anyIGsInheindoB fakng NRSpedtitay cthet BN afd c@@s@%’ecﬁd}lal W@ews of an
however, powers of two are advant ageous, e.d.

exengalary(;packgge smyodigncgh Witlp integraigd aniginps aEhemqagts $1mglar to those
Lg I
descﬁgé’ad:fﬁlntﬁ? B?e%@ﬁ%gﬁx?egeﬂg%g%g%ﬁg y ee{‘é% ¢ ﬁgfe??r?cg%é%kf@?t &s¥een in

FIG. &bohlst patkhgerhasathe GAmE Bthckuph @s the éxmtmgqﬁakigenglmg} BQpads and
| ement nul tiple cavities for antennas,
vias egw Oe;vslarltx)sprswrmhﬁre lsﬁasﬁﬁ%#ﬁrsﬂ%fcawﬁé 7 ﬁ%%rrﬁlk Yyennas,

to helh it aREHCS ShavB iveidk DamBwiiH %,n gﬁ e?ﬁncgégﬁd THEdeNs RO Eenter
to FIGS. 7-18. One or nore o ment s
1slandd7@a o aggmutsthy precloage devaald2 snofthé a@velr oatlinon sagn Thieslems €02 is
the t

o B e e B L ARG Sl B 162
Wlﬂlemnﬁ%&tatl% tiRoleth896as ekt R £RN %sposﬁb%n(‘ﬁﬁ 58 nSinFIGE! 9 and

t hosé described in the previous figures have

11) anédbfr grtgnnahiged lines ek eandiecesry Bzortacliskand 782 cee em:ludq: lgya@s 106,

o6 Y R, 1R A0 20 AP S

FIGSHCW&&MIGIO afeh@hfar ® FIGSeTtaa®)ibar withrOlagRY chwity/ P50 fl(ﬂﬂmg more
all antennas, to help the antenna to have w de

antetyidhdwi dt h and high efficiency. There is also a center

' S#ﬁf&d IZ%dtIQ shyiP %s&llﬁétgglgp ﬁ%ﬁ@g %5&; AsE- Féc%% ac‘lowé\b%f)f another

cover w not sag eSI ra
exeniptary (patkdgeeenptaaliage with integrtted elfntanl’rasd uHeryy at digcular ring cavity

attachnent .of chjp 162. th this configuration, re
750 tsiemmp (i%}‘Féi Siculan ZIng; Gty P dRay i at [easl soBeInstAngescRe eagier to

mamﬁQ&uﬂel@slrﬁQ ¢idcDBr 3R4RENEd Foe fl@&sto%ﬂlactﬁgn & VRfahgular ring
short. Island 702 can 1 nclud ayers ,

cavity shown in FIGS. 7-10. Island 702 is also 01rcu1ar in this embodiment. FIGS. 13

and 14 are similar to FIGS. 11 and 12, but with a smaller cavity 750 holding fewer

antennas. Simulations indicate that in at least some instances, circular arrays have slightly

better radiation patterns than rectangular arrays.

For smaller arrays, an offset or side-by-side configuration is possible, as shown in

FIGS. 15 and 16. The RF chip 162 is typically much smaller than the antenna arrays.

11
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108, 109, and can be formed, for exanple, by mlling

cavity 750 into those layers. FIGS. 9 and 10 are
wapwohze86¢ 0 FIGS. 7 and 8, but with a | arger cBUI/U§208%5@88514

hol di ng nore antennas. FIGS. 11 and 12 show,

respectively, the top and cross-sectional views of

anot her exenpl ary package enbodi nent with integrated

Thu #iS BoEFeurdtdneyillandt ifceeds@ thegabkageavdetifuchb Glome ver, the feed lines
Crcular ring cavity 750 in_at

| .
114 gvénlﬁborq%g@rah@e@e cpafigyaiians Sh%wﬁﬂhﬁﬁ%tﬁr"e a{l@ F}Wéet%e approach of
FIG§' {€ %&”‘1? S03REH 4200 {fo‘? 1198§dye£p£f1 %ff’ék]’%{*?%ﬁrgxp 162 in

ect angul ar rrng Cavl
cav1t3101250| fﬁorﬁlaﬁtenn‘,a CamtlyaﬂrSOI p’neﬁtdntsalrﬁlﬁhmbiletmﬁectl&i &3l sti3s &ﬂndn chip

162 @arg&{rge ) ga{ﬁ]g‘; aﬁ% ogl?l&ﬁgyer%“l]@gﬂHé21088:11{)|%vﬁbh écbove cav1ty 160

providbdiRbE, E.IQPEhdS ndlishf@3 nSQIEB thNGVAPCAD, The %H!eﬁﬁa radiation
arrays have sl |ghtly better radiation patterns than

pattarecaramtyolshghthyr lveagfcs in the |0ffs¢twla$aatthalatheaaa$tema forthé siag cayvity case,

si,de- by-si de igu | I S. sh
sine Yo ST Y FAEL AR SRy EB3 1 PyBP Aoy Sl Ay feed
linesSd¥@ ko8¢ cHaMeRsihH & @3RN IAGHERY SasdBdpecidllli Br larger arrays.
configuration will not increase the package size nuch.

HoWESRr 1 7tReshove dirs| freseivard agd) peagad | Giagepitichasixtqes antenna
C j I
e ORUA ARSI 1RGEL 7 and 1 0 1Ry 08ty i
embadlhﬁntsamfhtydat)h@d&ineﬁflﬁ &skisi 109, £08, 009.Gving island 1 02L& outer
om antenna cavity, 750 t desirable . .
porigBRbt ForhaAE TS A BIO S pndds: 16 Reghee aipeiponly 28 mm
X 28 | J¥h ) ’mlﬁﬁelgﬂte(rﬂtéyl%repﬁgép% otedt0mil LOBo46 A2hesl1 ?. 171‘&1%) In

ove cavity 16 ovi ort, and thus, no island
FIGI K7, tieeeRIE dhipnl &Za‘eqm;esk'éﬁlanima\mgudn rﬁ@PW\é)dieai amgennas so there are

patterns. are 0 sl.igh b in the. offset .ca
six BRI W rrRioT RS R L7 By ES che S SRl Tl Note
also ¥dd@hed $14 Q0MESrE ¥4, fanll @FoundPisealots I 13.aThd &AFHguR@OR of FIG.
i nstances, the array feed lines are nore chall enging

17 etplayesing rgrounds plancoslppar patebe while st iim [FIG. 1% emplaygéwo ground

planf ls{og%iﬁ gqrée?sﬁ)tc}éf(%% 81%1‘?#%0%% EL(gé (7r erpgie Q’ ggéglgeése\%ger% dashed

(hld&éhFlflinG‘sJ raed n6NSised), rfofil@traﬂﬂe a&ﬁleﬁﬁnce’is ¢Hip tilse @t ity 160 is
ustrative island enbodi nents, cavi ty 750 is defined

locaﬁeﬁ beleyeiskand 302, j as ![d@iGShZVA ng i sland 1702 and outer
b‘il? %p m"o?Q émbg(? Eneﬂlgeofctﬁg val’ﬁri(g{ {h%] érd\pd{ﬂ@ %\A@fﬂ?&socket

160 Ifd)ﬂ aﬂlelfghlﬁlp(wﬁ; @ntlhﬁq mmg‘ﬁz)l <(em:ty €7506fomi plarmar Gunbehfa ianelies The
m*rbégln FIG 17, the.RF chi 162 requires
ante@@pqaaﬁér p&Gi e cxapple. f CQuianPRFRciAOUIgr flﬂg’r%r 3 Jazge cavity

for spdeXByE&le %ﬁﬁ@ﬁ&ﬁdn@ (b e)gfnﬁ)ﬁ: ro?'?ﬁé feP s k304 in#1G8. 18%ind 16).
resi‘des in I'p cavit

Embodiments of the package can 1mp1ement a planar phased array, preferably without the

need for vias for RF feed, and in one or more embodiments, with a substantially equal,

and relatively short, feed line length. If a relative larger phased array is required, more

antenna elements can be used by enlarging the cavity size, as shown in FIGS. 9-12.

In view of the description of FIGS. 7-18, it will be appreciated that, in general

terms, a radio-frequency integrated circuit chip package with N integrated aperture-

12
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also feed lines 114, reflectors 144, and ground pl ane
slots 113. The configuration of FIG 17 enpl oys one
wQ@e@aneBspd ane sl ot per patch, while that in FlIET/L82008/088514
enpl oys two ground plane slots 113 per patch 104. Note
also FIGS. 17 and 18 are top views where dashed
(hidden) lines are not used, for illustrative
coupl@yA¢H &l€thas, Nibbﬁgl.l@Pealstﬂvx@atﬂchl)deslﬁ%elnérallsifpﬁn@ﬂpheﬂlegwm as
i sland 1702, jUSt as in FIGS, 7-14. One or .nore
wellgashafdlieasirans ginerally plavaeiosrd mians biloshaged dnwardbafiem the N
I
eenchity o dfies J6P harfl palbRocts. TRERpl e @ formed
w1thd‘é‘¢omglm§%enane sﬂxﬁs 1ﬂb|theee<la,tmidethe alotd are whisstandially opposed to the

patchiSok g 3676 R GRaNBH £ T Hhort SRBepS Pore A pipts - fo
exan’fﬂl@N $et2 o lhl@)s foEehadisant N fkd '119@5 PﬂPJﬁ@QEa&ﬁanardly from

| ement a pl anar phased array, preferably w't
the grhlmdndetde Fldrandi SabstamallRFpafaélebthemtm Anleasti@neradio rﬁ@quency chip

enbodi t | | , d ..
162 REPARTERg <y, Bt op S iR e E e o Bfeg linps 114 and the
grouh@pURE 1PDAPRAE fhaf dis,i fads, L6 iah8PaddTBY EsaribeRNWizh edspedt ié F1GS.
can be used by enlarglng t he caV|t¥ size, as shown in
1

1-6 pgncaso 9391125‘3dllﬁ the evpborlimenss @ESEEPpYil8n The Nireshey 194 can be
anm#%%?%h* SrcTolols g&%t%gzthat _in general ternms, a

enc Fntegrated circuit chip package with N
[ nIAe@Ksah&dtraB&ai)tem,rﬂmb @ap ltiex f@a{edrbmmdrfﬂm 126 &l substadte 128,
| east twn, J1nclud N general ly. planar patches 104, as
is spaeqd inwerdly fogadhe e lggs d 14 angd is| m@@n IpreRqEying eavity

160,S0@¢ et Lnyardlpeidd kS '%hega{lﬁ ré&delin T%'c@xﬂ%f Raée‘ébﬁﬂs substrate

‘and substantially parallel thereto. ground pl ane
layei, sudhoastbalt fmmnhd Nyd'dmplll()ﬁ,gl(é?pmdt wbstrat¢ 08, i hﬁenphmdelmra, region

berh e o iin it FLAREE bt Rfogd BB T 1AL STREGFEES 104

are TORA& fnhefirsDNneta®layer, thObrofi@pRhe 118N BhBtSin 4 Yokl alctal layer,
for each ggtché N feed lines 114 are spaced inwardly
Y

and the spgandeu #1 dediees a0 antprhasealBY ApP.i wilth theghgandrally planar
uency chip 162 is

patcheﬁelr()ggygmﬁlﬁ)c eaa%]tct}rleganrﬁﬁ?rﬁl% C:a%e)aﬁféqnes 114 and coupled to

t hin §@ge 1ristd’me€s hadslandl 7021 720 fermid dainethd ]s@cod&osm%sﬁahallayer
vi as, pads anti-pads as described with respect to
withizy t@sca\mtyeﬁ%rhualdgﬁmﬁg agingcshppe pibe eatbepad HiedN gengralissplanar

patcl?e]s 1%y JQ E cd eegaﬁl Ghe ?ln% %ﬂ?&a Qwﬁﬁethg 14140 tl@Oﬁ %Eﬁgzsﬁb%tgntlally

array f st substrate aer
oppdsbthlto ftlttr chap-réeiing rcalv1fy 169. 128ulﬂﬂtniltmlljb$ppeded "1&8uset sherein, is

L IR RE N T NERE
recelb gglrvgg%ﬁeﬁdv&@e& fepBhl B KeE ShpHoRGins@Ubl Yoadd R Milrtion of
chip 162 into cavity 160. The island and the cavity may have a variety of shapes, and
may have the same or different shapes in any particular instance. In some exemplary,
non-limiting cases, both are substantially rectangular (rectangular encompassing, but not

limited to, square) when viewed in plan, while in other, exemplary, non-limiting cases,

both are substantially circular when viewed in plan.

13



10

15

20

25

30

| ayer, such as that forned by filnms 106, 109 and

substrate 108, is interposed in a region between the
w@e@aneBspd ane 110 and a pl ane defined by the pR€THE208/088514

104. The patches 104 are forned in a first netal

| ayer, the ground plane 110 is fornmed in a second

nmetal |ayer, and the second substrate | ayer defines an

antesunde Bdthées, 7 8rnd suibtrraté tafyest@cemrtaJnI fynﬁécﬁlﬁbafubstrate 112, is

patches 104 being located in the antenna cavity 7

mterpﬁsegdﬁ@ TP é?ﬁ%}\éi‘éin ﬂaﬁngrogn%ﬁl&nqéizo ali‘#ﬁlz feed bpgsnidd. fuﬁi the feed
0

inc 6 SE AR HPT R Bl Bt T BB R, CAMLETRON e

144 gteﬁnepwzbdl yn\whrdl}afropaﬂwhésrdlﬁlbsmzte lhxmaﬂnddgennralllyeopposgi to the

coufglﬁg@gglaur{s 8P(}t§12?3t: hﬂﬂ é(()){Zﬁ Aé 702 D n%%%%brs g)?arr]rtlpllg I0I an inner

surfacoWTsth@ Mritadub¥trA® ﬂk@fé?d Furta&mbs@dm%m fhstah&esi AtBAME dubstrate
to describe a confi'guration where the island at |east

layep aneti ad thyt fwn@cql hp boundfilonil p0 eedpubishigtedddi tSySpménnwardly from
ort s

e 0BG, 14, B0 SONEHP  SHRBEE U381 bR BRI S e

substiR Igayd.ty nmay have a variety of shapes, and may have

the same or different shapes_in any part| cul ar
i ndnphecs instancey Eck: 2 phAVEY yl FIGoh 1P apfl1ion thecandama cgyity, 750 is

spac@& Gwa n%q%ﬁ@ﬂé @i%h%eée%h?%m ! e'i6d Wheh Wd)a{ an §/u|0h that loads

enconpassi n d to, square
incutrad pluaing wiettioni of ahehe:ﬁup exenpitarte cmm—récnemmg rgvity 160 are
ase? both are s tiall circul.ar whe i ewed in,

substanlly sURpgRied janey Fﬂf‘éé e antepia epvity HEqr, example, \hyy congpregsion in
the 18erd NG, 108 108169/ 1§9bﬁt2rlﬁﬁ&d¥a18y ol dhip egosed in a

regi on between the ground plane” 110 and the feed |ines _
11 samelinstapcése e dovérneschlasdayar d O prsreecuredh ozert the adtenna cavity

metal | ayer...l.n one ments, N reflectors

750’fﬁalsa?téea§§%%ﬁpy 'gﬂ/mf ﬁ“&lﬁq?rﬁio&jqzhl rd substrate |ayer
angh gefBéRhdp¥ctoRPRs®dd to? fb&@ca@lﬁFm tadeb- &@?Idnuy Qn&éﬁt@i circuit
113. The reflectors 144 can be I ocated or exanp

chipackageiafibe kindrdeseréibedfingludest prowiding m pagkage of Hgﬁelﬁmd descrlbed
f
it by T 8 bR A P b AR08, AR 378 i nsring o

leastSMi@Sﬁaﬂ@t fReduédcy ChipsiBaciach th&\mlvdy;wf)y withtthe islafd 202 supporting
wth the reflectors 144 bei ng enbedded bet ween
load% wéu?qdrlmthsmeﬁquf hesiipr intaths ce¥fders. I'n ot her

gﬂfﬁe na caV| %@QC}B% n%?%ggo;cfg%@élv\ggé % ?cg%%qqn@ncyt fifegrated cireu

chipgacipge exf eha king deastitied id€@0deshernvidingwe gadkagpbhithe lsiud lescribed,
incurred durjng insertion of the chi

withpiistge eRip LI BSHECe R A6 e T ARTEEBGRSRY g fhe chip-
recelﬁl}%? g’élfsé:ﬁg%ie\lfvécpm bRR (ANLIRWIA tSeMamp14, TIATFIESaNnBl8d 16), as
well as inserting at least one radio frequency chip 162 into the cavity 160, such that loads
incurred during insertion of the chip 162 into the chip-receiving cavity 160 are
substantially supported away from the antenna cavity (for example, by compression in
the layers 102, 108, 106, 109, 110, 112 immediately over chip 162).

It will be appreciated and should be understood that the exemplary embodiments

of the invention described above can be implemented in a number of different fashions.
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the layers 102, 108, 106, 109, 110, 112 i mmedi ately
over chip 162). In sone instances, a cover, such as

wo 2000128802, i s secured over the antenna cavit yPGB0S20881088514
is at least partially supported by the island 702. In
anot her aspect, a nethod of fabricating a
radi o-frequency integrated circuit chip package of the

Givénl el tchepiabs BEthel iNGdndda Hroiged Kbiréifl, ndeCiaBRrPEkill B the related
ki nd descri bed, wi thout the chip 162 inserted, and

art wijl bR ablgdo centgmlarpatherd mpdapertaogs ofteirydantign. j nserting
] . . = . .
S0t AR, S RY Sl SRIRETY ST bR Pl G, B fberivs

hereinh @ithneésréncentoothet dveombanyingideavtihgs, davd to/ belund¢stood that the
. another aspect, a nethod of fabricatjng a .
inveptigy) 1§00t E’Eﬁ‘l&‘éﬁi &3/thopg rgFise e@bedipents; mﬁqﬁh%t Yraions ghephanges and
. . el _ i
o PR A SR PRa S Aoy AR UepetBn gl fhe scope of
spiritwf the irhendert.enna cavity spaced away fromthe
chi preceiving cavity when viewed in plan (as shown,
for exanple, in FIGS. 15 and 16), as well as inserting
at | east one radio frequency chip 162 into the cavity
160, such that | oads incurred during insertion of the
chip 162 into the chip-receiving cavity 160 are
substantially supported away fromthe antenna cavity
(for exanple, by conpression in the layers 102, 108,
106, 109, 110, 112 imedi ately over chip 162). It wll
be appreciated and shoul d be understood that the
exenpl ary enbodi nents of the invention described above
can be inplenented in a nunber of different
fashi ons. G ven the teachings of the invention provided

herein, one of ordinary skill in the related art w |
be able to contenplate other inplenentations of the
invention. Although illustrative enbodi nents of the

present invention have been described herein with
reference to the acconpanying drawings, it is to be
understood that the invention is not limted to those
preci se enbodi nents, and that various other changes
and nodifications may be nade by one skilled in the
art without departing fromthe scope of spirit of the
invention.Clains Wiat is clainmed is: 1. A

radi o-frequency integrated circuit chip package with N
i ntegrated aperturecoupl ed patch antennas, N being at
| east two, said package conprising: N generally planar
pat ches;

15



10

15

20

25

30

at | east one generally planar ground pl ane spaced
innmardly fromsaid N generally planar patches and
wQpst2assé al |y parallel thereto, said ground pPERES2008/088514
being fornmed with at |east N coupling aperture slots
therein, said slots being substantially opposed to
said patches; N feed lines spaced inwardly from said
Claigisound pl ane and substantially parallel thereto; at

'east one radi o frequency chip spaced inwardly from

What 34 ¢aimedds:| i nes and coupled to said feed |ines and
sai,d o0 I X i .St - t I I S:
LS o PG R e B afsePucd L LD Rl RUF N CRRERAlp, aperture
couﬂlﬁypdtcb}b;aitagqlaﬁ,dﬂ Ihiei;ig}a't Iehstagemﬁpi pakagedongprising: ty, s aidd
chi eing located in said chipreceiving cavity; and a
seEﬁ%@e@HBﬁ%fﬁatFWér interposed in a region between
sa
i o8 SO QoL pRASE BBl DI a P oY} Thn BRY N penerally
plangapaiclgs aud dulpstanielly pafatehthdreia saidsgroanidplaet béing dgrared with at
and sai.d second substrate l.ayer define n.ant enna .
leas N ppling PR AR SFa s Jinh SOsBBHALY PBRseddo said

patchd; sai d antenna cavity. 2. The package of Claim 1,
further conprising an island forned in said second
subsfaedtlinep apaged inveidin frogi spid greundaplans, pind, substangially parallel
therqe,fining a ring shape of said cavity, said island
%%1ng substantially opposed to said chip-receiving

cawvi ldast 3ne Théiophredirgey @hipChsictd Anwwder €iom Saidd foed | kied and

and said antenna cavity are substantially rectangul ar
couplprbte spideifedilings apd said groundeplnge kage of C aim 2, wherein

sal ' j n ity : tant i |

o1 P EpRRRaBNEy E Al AP ERRY TR gl BHOS'A Fttjsbbstrte
laye®? beihg rfolmeed edthipa chiprrgeedvihficaditys st cldp ebelrmylexcated in said chip-

jnterposed jn a region between said ground plane and
receWIRe LR nes, wherein said feed |ines are forned in

a HRbEFhdRbatard B¥RF intéposl-gaem RackRY®eBledd @idund plane and a

further conprising N reflectors spaced inwardly from
plane defanediyr sdidspatelt, mdeeeih:ayer and general |y opposed to

said COlélaPlld ngt%h ¥ E)rrrtngé tha hps% etal layer;
said ground plane is formed in a second metal layer; and
said second substrate layer defines an antenna cavity, said N generally

planar patches being located in said antenna cavity.
2. The package of Claim 1, further comprising an island formed in said second
substrate layer, within said antenna cavity, thus defining a ring shape of said cavity, said

island being substantially opposed to said chip-receiving cavity.

3. The package of Claim 2, wherein said island and said antenna cavity are

substantially rectangular when viewed in plan.
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7. The package of Claim6, wherein said reflectors are
| ocated on an inner surface of said first substrate
WO 2008112888c The package of Claim 7, further conpCT/Eb1998/e88514
fourth substrate | ayer spaced inwardly from said
reflectors, said reflectors bei ng enbedded between
said first and fourth substrate |ayers. 9. The package
4. of TRt gladkae bOICIbRM X;0whéreini Bgjd aiskadeand whigdr itenmatabity are
island is configured to support said cover. 10. The
subsipntiplhyerear yhgnpfiewed il n sai d N pat ches are
arranged to forma planar phased array. 11. The
package of Claim 1, wherein said antenna cavity is
5. spéhedmamgqofCbmm§amdﬂmmwpmpnmeganhgi&dmﬁwylwhemnmpOﬁﬂlna
ch t hat. S |ncHrre

region BTG G0H 30 SHESC RS oR e el FrRgnes e dgrmed

in a i@ msshadt i al |y supported away from said antenna
cavity. 12. The package of Claim1, wherein said

ground plane is forned with at |east 2N of said

6. U5 RSBPSI A S b PO Iog A B ERFLARY o

said @ird ABEtraaldyefaml dendially oppohee i yaid b6 1§ Bing tapertire STy, t
chip package with N integrated aperture-coupl ed patch
antennas, N being at | east two, said nethod conprising

7. th?hg‘g? ?(ﬁg@{)f Cﬁﬁtﬁ\@ whﬁlgnrﬁsari)@ SO rLATREdaRIdWH anNnner surface of
gener ﬁy pl'anar patche east one genera aInl

said firsagabsstigtedayst. pl ane spaced inwardly fromsaid N
general |y planar patches and substantially paralle
thereto, said ground plane being formed with at | east

g. N ¢py ab AP CIHEL 78 fdtiRer L QBT RIsThg §%Qrt§|s%¥)§r§?@'1£‘ﬂ:r spaced
subst lally opposed to sald patches; N feed |ines

mwasqblacﬁ«dmu sadhreflegtdrs,osaid a¢ftbchrsnbnmgp¢rab@1dad1d>etween said first and

fourdY Eaant%ally parallel thereto; a first substrate

Ourf ARSI AL XS i nwardly from said feed |ines, said first
substrate | ayer being formed with a chip- recei vi ng

cavit
9. The ypackage of Claim 2, further comprising a cover, wherein said island is

configured to support said cover.

10.  The package of Claim 1, wherein said N patches are arranged to form a planar
phased array.
11.  The package of Claim 1, wherein said antenna cavity is spaced away from said

chip-receiving cavity when viewed in plan, such that loads incurred during insertion of
said chip into said chip-receiving cavity are substantially supported away from said

antenna cavity.

12.  The package of Claim 1, wherein said ground plane is formed with at least 2N of
said coupling aperture slots therein, two of said coupling aperture slots for each of said

patches.
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a second substrate layer interposed in a region

bet ween sai d ground plane and a pl ane defined by said
w@aioeh2sseher ei n: said patch is fornmed in a firBCT/b81088/088514

| ayer; said ground plane is fornmed in a second netal

| ayer; and said second substrate | ayer defines an

antenna cavity, said N generally planar patches being

| ocated in said antenna cavity; and an island forned

in said secaond substrate |layer, within said antenna
13. cadh mgthod of fabuicating agadio-ficadensh apegrated chcwit ehip Ragkage with N
_ e . e f o oai o
integifiel sphAECoNRL Bt SRR Kot MRASEN o i fdbod comprising
the stegdiod: frequency chip into said chip-receiving cavity,

with said island supparting |oads induced by said

inQEP?‘B%aBngﬁFamﬁﬁgﬁngnto sai d chi preceiving cavity.

14. Thebpgﬁﬁggwqﬁmg}ggﬁhgg, further conprising the

addi tional step of securing a cover over said antenna
cavi ty, atMeast arwi generlyrplier rggoundpplang sphcediinwardiyt frpm said N

t sai d,island. 15. A nmeth fabricati .
eendilly ppEdntnes PR ubRan BT ChRRin bt sEE ekbalpione peine
formedt @K &k GehsBPE chliplarC aptRhes sPad eferant Sidatots Neld@l iBs@htially

| east two, said nethod conprising the steps of:

Opm§p6V1%W®@mgﬁﬁackage conprising: N generally planar
pat ches; I t | n | .
paceq MRS spdfka BRRIP ot BB ouRl BN esanialy

parabéldhawetost antial |y parallel thereto, said ground plane

being forped with at | east N.coupling aperture slots,

ther ei n2 e éméﬁ“éfesiaé’%ﬁ Aepced, ugwarﬁix oy, S@Sp}f?g@ dineg said first
subsi@eda i)@itﬁgsférnll\édf@i@lga khiﬁ%ee’?ﬂﬂg eghifgawardly from said

ground plane and substantially parallel thereto; a

first salbstondtsebiteayelayspinteeposedwan dégiorf betmesiabald fgemuhd plane

s AR BB PSSk L 2ver et g Tormed wh
i nter posed i Baid phRAPfOrRE WoLhrsb Rlethl Biyetind pl ane
said ground plane is formed in a second metal layer; and
said second substrate layer defines an antenna cavity, said N
generally planar patches being located in said antenna cavity; and
an island formed in said second substrate layer, within said antenna cavity,
thus defining a ring shape of said cavity, said island being substantially opposed to said
chip-receiving cavity; and
inserting at least one radio frequency chip into said chip-receiving cavity, with
said island supporting loads induced by said insertion of said chip into said chip-

receiving cavity.

14.  The method of Claim 13, further comprising the additional step of securing a
cover over said antenna cavity, with said cover being supported, at least in part by said

island.
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and a plane defined by said patch, wherein: said patch

is formed in a first nmetal layer; said ground plane is
wo oroaaeBsstr a second netal |ayer; said second sPOBUS2D$088514

| ayer defines an antenna cavity, said N generally

pl anar patches being |ocated in said antenna cavity;

and said antenna cavity is spaced away from said

15. chiADmE@EE b Eabgicad 4 Yadih 68qneyadegdrited cabuit 3M@ package with N

_ inserting at | east one radio frequency chip_ into said .

integeafpeh apabiEs-goyricd pateh gnternas N i at kaststwion said meghadygompgising

the&%@%ption of said chip into said chip-receiving cavity
are substantially supported away from sai d antenna
captoviding a package comprising:

N generally planar patches;
at least one generally planar ground plane spaced inwardly from said N
generally planar patches and substantially parallel thereto, said ground plane being
formed with at least N coupling aperture slots therein, said slots being substantially
opposed to said patches;
N feed lines spaced inwardly from said ground plane and substantially
parallel thereto;
a first substrate layer spaced inwardly from said feed lines, said first
substrate layer being formed with a chip-receiving cavity;
a second substrate layer interposed in a region between said ground plane
and a plane defined by said patch, wherein:
said patch is formed in a first metal layer;
said ground plane is formed in a second metal layer;
said second substrate layer defines an antenna cavity, said N
generally planar patches being located in said antenna cavity; and
said antenna cavity is spaced away from said chip-receiving cavity
when viewed in plan; and
inserting at least one radio frequency chip into said chip-receiving cavity, such
that loads incurred during insertion of said chip into said chip-receiving cavity are

substantially supported away from said antenna cavity.
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