: } ~e3e8~$(6T8SY! | NTEGRATI NG AN ANTENNA AND A FILTER I N THE HOUSI NG OF A
DEVI CE PACKAGE Field of the Invention [0001] This invention relates to a
filter and an antenna, and particularly to a filter an

si mul t aneously enbodi ed within the housing of a devi cejwmwmmw]}ﬂMr eby
allowing the realization of a conmpact small formfactor radio ency
transcei ver. Background of the Inventi én [ 0002] The trend of’'*He desi gn of
many portable el ectronic devices is towards small er devices for

portability, aesINTEGRATING AN ANTENNA ANBpAcEIbTERENDI e el ectronic
devi ces include nobile radio frequency (RF) transceivers, including

cel lul ar nobil e hand Y| cal AN) and the |iKke.
WLAN transceivers ha&ﬁﬁﬁmgkmwi@m?MMent with the USA
Federal Communi cations Comm ssion's (FCC) allocation of 300MHz bandwi dth in
the 5GHz frequency band for the Unlicensed National Information
Infrastructure (UNIl) and with the European H gh Performance Radi o Local
Area Network Type 2 (H PERLAN 2¥Field ef the\Inversipsy Traditional Iy, the conplete
RF transcei veg. ] U lan@fani ' o gited
circuit (1C E‘ﬂ"a";’ f[?‘ﬁ;‘i“@%%’%%é%{eég‘é? In taﬁgiaF1 a? Eee?%%g‘{?ﬁa\%%ld&%%ages) on a
mot her boar d wiahd apsesas sendemporsinembodied eithiarthalhopsing of 4 ideviee paglkage,
antenna (and assqci ated shjeldi.ng). The 1C dies gre traditional and

usual |y assenbheaeby; %5%8&9% Ef'g'l’lﬁaqgﬂ“ PR CUPBR éﬂlﬁgéﬁ%ﬁg&% r{a&ﬂiééé/quency
traditional approagh, the primary functions of the package are sinply a
means of interconnecting the integrated circuit die to the external world
(the pins of the |IC package) and a nmeans of protecting the IC die for

reliability. 2 [0004] Wth,technol pgical advances in |IC technol ogy, the
functionality of the several rh%?‘ﬂr‘é‘g‘qo‘%l'ﬁﬁiwe'\"é’gpecti ve | C packages and

nost of the pPaggeby THeOMRRANEN IR 8sigh8f GRFR| FIrdibRFcletiddific Aeviees AWl be
realized (in part depending on the specific architecture of the RF

transcei ver) Isyabersdavides farQodtabilish acyhetisacidpekerirepsensa  Exagples gbpereable

package. In IC fabrication technal , Lhe Jeo[e) : WIURT
feature size ﬁecﬁﬂ@cf eﬁ’t“ieéalflfélae t%@ﬂ?\éofagkg})y f%ﬁ%@ﬁ)ér%{sg%&@rg ’%&%o ?e
realized in agiyven Mdbiki Bardk@s. wieless 66l ar@C hetwnirles $WIAME andi theriikeet e
system can be realized on a single 1C,_ commonly known as_System on-

(SoC), and t héVEdhplrensseivpest havei rscenilykbrsemmei incisasingly fyevalevwidh ﬂ&f-‘aygg\igg. In
| C kagi ng tech | ' f, i :
|t or connect ed it ER AR Cblstncd et bR d? DR NN in

technol ogi es, (RNGGET, H&YRAE binl &FraheNaticatbed Natioas! fittpsiss ilrfastooponent s

on a single substrate. For sone el ectronic syst . C | ete systemis

packaged i nt o WNIDragdevitethedairppaar dgjgh ?’egﬁ%%m%ﬁmﬁocgg%@gm%- Pt kage

(SiP). [0005] fQﬁBPEﬁLg&\@%%@F 1e functional blocks of RF Transceiver 4 that
e ul'e

i ncludes thre epar at e s: Antenna 1, Filter 2 and Radio El ectronics
3. Note that Radio Electronics 3 may conprise a single or a plurality of IC

K d/ i ve ts, they may .be pl bst rat
ol or & pri nilbesRL edRerBart RUHERbBE N e aPhaRer Go PYRLEr bRe ©
components i n Péoﬁngété‘&tn'i%fe&tsé cREBt 6 AR (@d A0 rackibhes hear dsRadval®

connected to Filter 2 and Antenna 1. Antenna 1 and Filter 2 are usually
connect ed by pmckages) oh aamotherioard withdringiee cPOPOBNSTI9ad [sfernad fpapisdfiber,

El ectronics 3 is traditionally realized.i i pol.ar,  Silk: ni nd
Gal 11 um A seni B ERDI O] oaldepieffin) "RGR ibiey® A HORTH Rphssins
frequency. HowRY&Hbledid %dxlyqeﬁﬂ ik iirﬂUér&ﬂicﬂM@é‘a@J ilnehio tradiciopal exppriaali,ythd/et al
Oxi de Sem conduct or ) technol ogy and for_ cost consjderations, dio

El ectroni cs 3 primarywiungtiepsl of itheIproke@e  aie QUDBLY Fomeiitaph IECTCABRSSUBE AT cr on

CMOS technol ogy, such, as 0. 18m ar [ .Q?‘%ﬁie fé\@]: hna! gan be
used to reali gi tegls dom{:clu?tcdé? {gstﬁgﬁgtgg{ali %rlﬁéﬁn&% reguenci égési nclaugl ng t he
5 Gz range. Asfproteésid the 0 dizofot teliabitigy. downscal i ng, the bul k of Radio

El ectronics 3 can 2

| IR

*G0000!*




3 now be realized by a single ICdie or a plurality of 1Cdies in a single
devi ce package, or a single or a plurality of IC dies and passive
conponents on a substrate in a single device package. Figure 2 depicts this
prior-art RF Transceiver 4 realization where I1C Die 8 and Passi ve Conponent
7 are placed Substrate 6, all within vity 9 of Device Package 5. Radio

El ectronics 3 may conprise Substrate 67 Passive Conponent 7 and IC Die 8,
and dependi ng on the specific architecture of and technol ogy used_é r RF
Transcei ver 4[000%s Witte tbnplogisal advaneesy by ISutsehnolagy. dherdynciigpalgy ¢ gl?i red.

In sonme prior-art Lizations, Filt 2 I I.Z or
enbedded in SHYEH i‘??leé,mél?e"i Ees}ﬁeﬁbv%gé 8§‘fkg§%sa%dtsr§0%§\fnﬂ§e a'lgég g(ggp%{ég{ss

depi cted in FhSthe2corpletel RFBYarREeiléit @@ a6 heaealizudt (infpatthéeeading nan dfe

Devi ce Package 5 (refer to FIG 4 later). Antenna 1, on the ot her hand, may

be connected epecifinakhitestumeef the Kb trrasgeiven) by asvingla 1€ wieped/onpagkegedrnioy ' may
be integrated as part .of housing, o } e :

later). In alP sbng%rdpglcg p(ﬁglﬁg&hsl,n ;%?g%lﬁl%ﬁiﬁg%%ﬁgﬁg?’e&{%&ﬁne&%g)@ b the

si mul t aneous| wip@alnh ZeduRssipabt tief fabheathpurthglady Mo moRackegeyso bkhese

prior-art designs will now be described in sone detail. [0007! Antenna 1 is
t he conponent refizediin REivandiseigiafer FoRtomeHlegiuc SY9BY & l6ESYPHR RE.

I n nost transgej : e e [ L R8CH,had e
antenna. ser ves kb Tl LG o A e o | s
usual 'y tradi thmprtd ¥ysteal iszgtkagedeinnala sioglandevieeppackage. ofInt Ko pockegingpart s

f RET ' 4 b it ti atially ind dent
Chercof . The desneingien aiwraima! d6sbrpmeybersacked Rddupaniecled. FmmoHe
external wif e 6L RMIAUKE fMoIGalt 0 WD Ak HMNPIRARGIONE, arltft saviat er

wave straight wre antenna, iled quarter wave wire antenna, the
Pl anar | nvert égtefcodmdcssdnEC (fek A, passive torepgreentshoraatsigle sulisto®s] Foxssome

abovenenti oned herein, a variation of pri.or-art designs depj ct in FIG 2
is shown in FIeGCtrSm\‘R/r?é(P‘@mAn?éﬁﬁ’Q? e pyst rﬂt%@?%@@%‘gi“ﬁ? ilﬂée f#gﬁlsclgﬂjﬁd(() *Devi ce
Package S. Thicéﬁn%n;ﬁﬁ%%}?&s SYshatePhckhge @i et oot h applications and the

e, ed,

i ke. For exanp ang In d paper entit "Integration of Mcrostrip
Antenna on CavityDown Ceramic Ball Gid Array Package", Electronics

Letters, Vol. 38 0P... 3. 4 |307-13 2a) ,
report od the iIRBLAIE: SAteRR e e el BEAT e REETARRER <P it hTRR0uR002
(surface of tagyagethoduléheRaink 10Filke\d sl Radik&)ectionicd 3. hiNotd That Radmm

cavity down ceramc ball grid array (BGA) package. In this pri &r{-art.

desi gn, | C Di Electioniesnt mes dompeide iarsimide ot a marakiigef & packpgss HWQIRFES1VE n
this design as in all priaqg-art ' ot ' [ kA targousl y
real i zed wi t hi S PRBHE Y, Fﬁ{de}gpa@\%?ﬂé%ggz% k%%%ggg%t%%%g%ég rglgédsﬁovm in FIG
3, Filter 2 i snehbiesrd edh it@diiopnl dedigddealt icomBoesity &t RadiovEbacgrohiCs Bire 8

and/ or Passive Conponent 7 are also attached,, or_.jt e external to
Devi ce Packagerssembled ema&othgrheasd pad preesopagaiedye Fﬁft?rszn?‘j‘ydtﬁ?ﬁtﬁméﬁ IQB{CI“P%

mat eri al such T Rgﬁﬁ =701 danEd e 8 and/ or
Passi ve @mon@%}dﬁ%n%§gﬁgg{sg%l%% e %{f}g%(ﬁsyﬁgﬁ O&gé}dgﬂagg?gpéanglor top of

Cavity 9. A layer of the housing of Package Device 5 nmay serve as the

substrate. Cavity 9 e fill with a resin. or,.herpeti.cal.l .ed with
a sealing net dpo%épT%ggf kl"‘?ll‘c’}ﬂecé’fo{‘ilcél%elsgﬂ?dgﬂ%l rreé’[{geddp%lg%l??’t Y %‘
" System i n- Packagenfiah a X NIRAN s Cokndlsdiana® i théir Righ daly Geh bud-off,
Hi gh Frequency Electronics, pp. 30-41, Jan 2003 (Gaynor et. al., 2003),

Antenna 1 real frapenas dhowenesgwidh it econtioning depmgtading of | GorerlemprtaTy Mot ce

Package 5 was reporfed. This priQfwart .design_is.as a | h N Fi gure
3 and is al reaéi‘/1 Br%‘?}?‘ﬁﬁ%c&?%ﬂe@ﬁbﬁgéew&gg. a é"?recé‘s?eéoé-g @gllaglé@scéjr%{lhlgt her
prior-art desipRséRRO8 kMW DegdnrealiesiigrTVeshoHel egimple,nddepdiubmitronat

involving an integrated antenna for a Bluetooth transceiver. In all these
priorart desi gaMOStechmriagyl sushds i 18per opsmalier dimensiongt GYIOSUSTRAOREYCABf t he

housi ng of Devj ce Package 5...[0010] The.filterin Ll . Fhlt is
usual Iy real i zéﬁauﬁﬂ} t%)‘i"tagﬁ@ﬂdl YA\ (ﬁ’p%rép%ncm%?yo%ﬁ&%g@te%g{lglg% {5‘1%53“.“’5%.
Tradi tional Iy, ;a35¢. eXRladefi8tof@ntinging MOWaLdAlinE] tht ®ulkofaRalie Bhetrohick Betan
(dependi ng on the architecture of and technol ogy enpl oyed for RF

Transcei ver 4) are usually placed on the sane notherboard as Radio IC 3
(that is encapsulated in one or nore | Cpackages). In sonme designs, Filter
2 may be placed on a separate notherboard. Traditional radio circuit
architectures including those that are enbodied in Radio I1C 3 require high
Q anal og bandpass filters for inage 4 5 frequency rejection and for
channel selection and these high Q anal ogue bandpass filters are in
addition to Filter 2. Mdrre recently, architectures such as zero- or lowlIF

o ~ o L o o, oy e



I
(0011] Wth the advances in | C packagi ng as di scussed previously herein,
Filter 2 can be realized using Passive Conponents 7 on/enbedded in
Substrate 6 where IC Die 8 is attached thereof. In the case of that
enbedded in Substrate 6, Substrate 6 having several |ayers of dielectrics
and netal |am nates may realize Passive Conmponents 7, including capacitor,
resistors and baluns. The common materiPals for Substrate 6 include BT,
Cet ek, BT-MG and LTCC. An article by Mathews et. al. entitled, "RF System
in Package: Tnedenf fealiGal by sihgled6sdie @i zolunlity Fefr Kodirsniner Baghet doice 2003

Chip Scal e Revi ew (MVat he et. al.. 2 descri bes i of
sorrFe) of thesepf“?eiﬁag g aisﬂfl\%ﬂrs? P@'f%ft%.opggéTﬁ]an astsﬁ'g cﬁn%ﬁn%x?%ﬁ%ég g@ggg{g
material s usegh LoginplReddvdies patdtagd, Mayiree2 RRpic&IEHIS paibeasi RF | Briandceiviey @i cal
substrate naterial s abovenentioned herein, It is feasible to realize

filters (previeligatioronherdeuBe8iand Rassive Sompenentyy axeblpendsPuhstiate Gl ce

Package 5 and Antepna, 1.is~external of Vit C 1.S: ) icted
in FIG 4 vxheP”@th—‘i ('S of Defiss Prckes® ish%lal%ﬁeo ﬁ%ﬁ@?ﬁéﬁgﬁﬁﬁ@@ HspSu algge 5 1C
Die 8 and Pasgi pgsiveumimknt”7 AdeCAD1; Aed dégenBungHinrthé epebifftsarshiomurost
directly to one of the surfaces of Device Package 5 (not_shown). In FIG 4,

it is possibl end feshnetpgy vsedfonRF Jagnscgverdhyassive ¢ YApgrentRondiar Blsiaged 5,

al though the top and bo S 9f.. LiEE ;

0013] For ox SBIRT Bt ERRURT: bNealcol AthEREAT FRRE Ty BufbA A o,
nunber 6, 456, ki@ o eabeddedinafubsndrené,i anitwhay e faxtereal SodDevicee Bhékagel Si as t he
bottom section of the_housing of a cavity-down LTTC Devi ce ackagekS

wherei n the héaricted InEVGng o0& tanay b infgraed psparhol the heysing et e ACRrCkag o sj ve
Conponent s 7 ' e1 At fE BRL: hohDREayHe dddRedBl BXiBRI
surfaces of tﬁy%%ﬁgﬁﬁ'gflg@v%gg%%ck%e 5|.8 5r 6’Notye et hateAntenna lis
not si mul t aneas$eyidecPdckaged S viist shbwntineF o 2samigoroft nDew be éntPeretedps Hrantl may
be instead be realized external to i ce e 5. [10014].1n another
prior-art desihgHSINZIANGEYIFE £apRger” ﬁ%lqrttpeﬁ%’q‘(fg‘ft%‘gra 8 %?Orﬁﬁta FiRE RF
Bandpass Filt AFRIBa hre Qdt irANERA%o R kaliged adh € lof I BSududt bET S,
Vol . 38, No. ?gftgg‘&cp%loa- i 07 'Sept enber 2002 (Z%a%g?ZOQZb), reéggérted t he
i ntegrati on ofDeviceRackagedpaBiesé piicreart ddsigns evill 2pwdie debesited pn bemedetal. a
cavity down LTTC BGA Device Package 5. IC Die 8 may be attached to one of

t he surfaces of Device Package 5. Note that Antenna 1 is not sinultaneously
realized w t higgories ot Ngs Ghe Q%Mi?}@ﬁed?a&kﬁ@eriﬁ tedidcdivet fhas tRRdedand/eal i zed

external to Device Package 5. [0015] In another prior-art design, Hsieh
et.al. in a papaivesrihé RFedn mostomapsesivess, Aateme 1Ly es is éreaipieal grygnna —

Chebychev-function Bandpass Filters I I t S

El ectronics Léﬁ? & e,ar@% 4 Sgl;f,es %&efﬁgtb'%ga%dﬁ%%g%vgiuaé%gﬁg 'Zgg%tﬂglé—lsilgéh et,
al ., 2001 ), nepant eddifiordBbyaliest txteaial oo shdndpast of thegotheo pagualf Ripat ch
resonators, suitable as Filter 2. This filter, Hay Cge real ized Oi an
appropri ate hilgAnsgpiped besauses BrapsIties geeesgantipy andspendsat thegegf.o Lhe well-
abovenenti one ej n LS R4 LeQl - . t

descri bed andqclnlsawlni E@F?Aat gg%len%lelg{ g?%éﬁh%cg%ﬁ%1%gﬁ\}%cgﬁpg@8g1§}é%f%%%tg]m@rhe RF
i ndustry demandthepvige kaowmh hethedehip artenr), theuuaadrerdve)straiht wire sintentid, the

smal ler formfactor. As descrjbed above hereinp, tgjg p%r?cess i%é?ﬁkhnﬂ

smal | er RF Tr #edediapaie waveswise spishnay ths Planar Bveded E Aptenac(FLES D Agd e

i ntegration deﬂ}?hta)ﬁté?xfna.t he different sections of the RF transceiver.

nost prior-art designs with a small formfactor, the integration involves
either realizing Antenna 1 in the housing of Device Package 5 or realizing

Filter 2 (and other filters and ,RPassive Conponents 7) ,.n the housi of
Devi ce Packagd?¥8] [‘@@ibﬂvemn?%dg’ﬁf??’ta Yﬁrlaggxér)?E{l?'rgar}_-ege%rgncgegéc?ﬁlp srtsji g wi th
an even smal | ef if HoWd ALFE., 3 iWheleS ARtetith M HasicpmRideint® thaNeusig Jf Besicei ver
4 wherein Antenna 1 and Filter o ,
Package 5. This is somewhat prevalent in Bluetooth applications and the like. For
example, Zhang in a paper entitled, “Integration of Microstrip Antenna on Cavity-

Down Ceramic Ball Grid Array Package”, Electronics Letters, Vol. 38, No. 22, pp.



6 2 (and where appropriate, other filters and Passive Conponents 7) are
sinmul taneously realized in the housing of Device Package 5. Summary of the
I nvention [0018] The present invention seeks to provide an RF transceiver
wi th the housing of its packaging having sinultaneously the filter and the
antenna. [0019] The present invention provides an RF transceiver having an
antenna, filter and electronics, wherei'n the filter and the antenna are
simul taneously realized within the housing of its package and the

el ectroni cs af 8haes, tQeteher 2002 (AkdngsAi0Ra)k acpsiter tthe prHegraien of aapigigyirip

realizing a conpact . transceiver with.a smal | r I f F o 0]

Descri ption ongWéa B&g’\ﬁi thf; ofﬁ'ﬁﬁzgﬂ"ﬂﬁ\%%%%ﬁoprég&son&}grfﬁ% Ogﬁjeegécﬁtl%("iﬁg S bifon
shal | now be gpp e 7ikyiidmeleasith RRen bitamay ball geidadlyeBGM ?chl{agé.erlﬂn@lﬁ to
the draw ngs of which; [0021]"FIG 1 is a block diagramof a general RF

transcei ver; ptiogaj desig, 1€ Dis s shesprulated i Bevise Packser o2 BGA peckegankcei ver

where the el egt.roni.cs ar.e pl aced wt hi er. ht. ] | e,
and the anten _Sgﬁﬂglﬂ 8 1?ia!ﬂt%r}oréq1ed?§f%1§e Qel;ﬂ@gl)r/%al%( ntggs%rﬂgta g‘;\ﬂsﬁg“’ggg age;
[0023] FIG 3ifmidit! Rskingi slapéiedPackagé 50rnsteid RFsliovanBCcEIG.e3, Rihar2ig he
el ectronics and the filter are placed within the cavity of the device

package and t leshernreatired jon/enghediiedsdn JBubsiate 61 whete HolRieng efd/ehd&agiNg ce
package; Component 7 are also attached, or it may be external to Device Package 5. In cases
where Device Package 5 is a high dielectric material such as Low-Temperature Co-
fired Ceramic (LTTC), IC Die 8 and/or Passive Component 7 may be attached
directly to the base and/or top of Cavity 9. A layer of the housing of Package
Device 5 may serve as the substrate. Cavity 9 may be filled with a resin or

hermetically sealed with a sealing metal cap.

[0009] In an article by Gaynor et. al. entitled, “System-in-Package for WLAN/PAN
Aids Coexistence with Digital Cellular, High Frequency Electronics, pp. 30-41, Jan
2003 (Gaynor et. al., 2003), Antenna 1 realized as an integrated antenna module
realized within Device Package 5 was reported. This prior-art design is as that
depicted in Figure 3 and is already previously described herein. There are also
several other prior-art designs reporting the same design methodology, including
that involving an integrated antenna for a Bluetooth transceiver. In all these prior-
art designs, Antenna 1 and Filter 2 are not simultaneously part of the housing of

Device Package 5.

[0010] The filtering function of Filter 2 is usually realized by external SAW and
ceramic block filter technologies. Traditionally, as explained earlier herein, Filter 2
and other filters (depending on the architecture of and technology employed for RF
Transceiver 4) are usually placed on the same motherboard as Radio IC 3 (that is
encapsulated in one or more IC packages). In some designs, Filter 2 may be placed
on a separate motherboard. Traditional radio circuit architectures including those

that are embodied in Radio IC 3 require high Q analog bandpass filters for image



(0024] FIG 4 is a block diagramof a prior-art RF transceiver where the
electronics is within the cavity of the device package, the filter is
realized as part of the housing of device package and the antenna is pl aced
external to device package; 7 8 [0025] FIG 5 is a block diagramof the
present invention where the RF transceiver has its electronics placed
within the cavity of the device packagé and the antenna and the filter are
si mul taneously realized as part of the housing of the device package,

[0026] FIG G@agluemyaejcqctumsarslebr cloanael seleotion fang dhese higho® anplegigb %igm%

Cboat ment i niteegrei el G Bk ey O55RRer S8 i BRI <1

cross-sectiongk réﬁtuﬂ‘é/ tRése %&ﬁanﬁlangué gteRFwille Vdse 8trp@ekagquirdnhdats, Mlb%ngs an
expl oded view of the same fromthe top view, and FIG 7(c) is an expl oded

vi ew of the s#mem touke realized oneghinp WdCddifrd: and are the second embodi nent in
accordance with the invention; [0028] FIG 8 is the top view of the
metallic structure of the antenna and the filter in accordance with the

i nvention. [0@61)9] RV & tlﬂ:(s’d)vaﬁd&d nIFI[@paa(atg)ngadsedxidmeseldqmmomMy hertre Fsltarf2 t he
ant enna and t he f| lter in accordance with t i nvention

Descri pti on ofan hergdized wHng me]CwmneetSaYrmﬂ ¢tppgddgd &bﬁ?‘?ﬁﬁraﬁ%é“g‘le@clﬁ:
di agrams of ajriQqr aﬁgctlleiﬁ?e?&%n%ﬁ%ev se Bf tl'kl'f' exﬁb&ldeﬁ’m Pbﬁfa’té%t Sifstrate 6
enna W In the

Transcei ver 4 conpri ses ousing of Device Package 5
and the renai haviggpsvel dayds ofr daia&cteicveand4mtaie laminaes oayi teplizd PResivece

Package 5. These remaining parts of transcei a suI at ed |n Cavi t
9 of Device P&%&lj’é‘e’ys T $WGLRAUNG-CRRAGHOR resgggrgla\pg\i@g.}% ﬁg’r‘ﬁ iy g o%

substrate 0. ek Sl e ARIMDBIOWML, PANKIG BAd PTCRY! tABErt'E'l@Bf wm@ws 4.

conprises Antenna I's exteé to Device Package 5, Filter 2 within
the housing ofal.Dentitied, PRIk System axmdPa:cheger etmdenffsg Cprylems thf st Tqusal@,d ver 4

are th t f De
tr anIS(r:] ei vgr CZ‘VI@ gggqﬁ:p gt\alé%t?(? Pag&o%g&lp Scale?lsewerwe{K%atm:wnget 8 t2§)09) descrlbes

the construction of some of these filters in Substrate 6.

[0012] As the high dielectric materials used for the housing of Device Package 5
are similar to typical substrate materials abovementioned herein, it is feasible to
realize filters (previously on/embedded in Substrate 6) in the housing of Device
Package S and Antenna 1 is external of Device Package 5. This is depicted in FIG.
4 where Filter 2 is realized in the housing of Device Package 5, IC Die 8 and
Passive Component 7 are attached to Substrate 6 as shown or directly to one of the
surfaces of Device Package 5 (not shown). In FIG. 4, it is possible that Filter 2 be
part of any section of Device Package 5, although the top and bottom layers of

Device Package 5 are prevalent.

[0013] For example, Ishizaki et.al. (Ishizaki et. al., 2003) in USA Patent number
6,456,172 described an invention where filters are realized in the bottom section of
the housing of a cavity-down LTTC Device Package 5 wherein the housing having
a plurality of laminated ceramic layers. Passive Components 7 and IC Die 8 may

also be attached to one of the internal surfaces of the housing of Device Package 3.



9 Cavity 9 of Device Package 5 include Passive Conponent 7 and IC Die 8 on
Substrate 6. In sone prior-art designs in FIG 3 and FIG 4, one of the

| ayers of the housing of Device Package 5 (for exanple in LTTC packages)
may serve as the substrate, thereby elimnating the need for Substrate 6.

[ 0031] As described earlier, it is highly desirable that RF Transceiver 4
to be as conpact as possible, thereby Raving the snmallest formfactor

possi bl e. The present invention is an inprovenent over prior-art designs by
of fering a dediognthahanteinaul isamwe sinsljancousty pratizedewithin &g dwuging o gvigeer 2

into the housing of Deyice P 5 thereby of feri t
Devi co. PackagEaekaet fined mey e aturt e e R DR B R R fer o R

Transcei ver 4 conprises Antenna 1 and Filter 2, both enbedded within the
housi ng of Device Package 5 and the remaining parts, of RF Transceiver 4 are
in the cavity [Q9M4)Ddy aeesherqpricaget designh&hangniai npapsT priitled, dintegratpppiddlyer 4

encapsul ated i ity 9 of i.C (112 RVIY 7
and 1C Die 8. w(?&taﬁ;l:sﬁ?‘?drpﬁs Eﬁ%&o&n@%ﬁ@? el?%le (lﬂgdve%n |ygﬁj§é%g€i’(cz€ﬁg%g@ﬁ%e 5
i s based on LTEfmBYyer i38] Nang, thpe 1 hesi$i 07y Septeddei 2002RIbkag 20ty arepoteh
serve as a multilayer high dielectric_ substrate, ther e?y eljmnati t he
need for Substheinggeation atlacRF bandpassrfgter (Filter heythg toR 1ay6t %’tja EHAY ce

Package 5 can Lg‘(efa(? ﬁgiagpg?lscg %Ecg{agp iSQHC%i@'S%% i)é; atfRh& * trﬁ AiReburtdragfot TTC.

[ 0032] Figure F 0SS sectio Vi ew 0 e first enbodi nent
of the presentDdvivearckate 5. AMoenthat Angenda ik et silndtagedustyecelined exithiu tand ar e
metalliclamnate structures | ocated bel ow the top surface of viﬁe .Package
5. Antenna 1 Awusipg|afelPevicePackagethend JAyy h@{%ﬁlﬁ%ﬁ%ﬁ‘?‘ﬁ&f“é”} Br%Rt enna
1 may be a patl%lgk%gtsenna (refer to FIG 8 later) or any suitable antenna
structures previously described herein. Filter 2 may be that based on the
two-patch resonators (see FIG 8 later) or any suitable structure. Filter 2
is connected to Radio Electronics 3 by neans,af Via 13 Lisin .si ngle
via or plural i[8815biinangher RpEersdtt 3%51&% ‘3'%6“@&@8&‘3‘5@% ’ grc(sﬁ’m}%c%?%éne f or
Antenna 1 and rthen a ' ' 1R &rs JisERNMDLAISNIBEE

Passi ve Conponafélgtm%gzla?\%ﬁ%%ﬁ%%ggﬁkgéhgrI I ctiﬁg%ﬁg gﬁrl%ﬁi S cg%nect ed to the
ground pin of Ramgh BésdnhersSoEletroBimb [[stied, Mol.nEaNo.of 7, atp. 118381091, Augnshne of

the vias of Vig 13 and at |e one of .the,vjas of. Vi.a 14 .l e 8.
connected to al Q@@%%&ﬁ#a?@@am"f‘fg %?hﬁ@cﬁgv'@flnc\}\ﬁoﬁb af)‘%%%ls’ n[ﬂgfﬁgr t‘{’g _
shown in Fi gurg GealatctDiestRANS, Alitablén®: E0RASCT THR Hlthmas betrualidedron bondi ng
and the like. T'n nost cases, bunp connection is preferred over wire g(ﬁndl ng

because it pr apprhesiate kigbdieectrieamterisd sheh ay EdhReert the dike pgabpyemesiopshent
7, on the other han re sol dered dir t e dbas % pdot e
that in sone S}'&?lﬂrng,h tﬁ‘éd’é?&iaﬁ[gw ﬁ(’t ee%g%%ré ‘%’?Sch/gtr%Hﬁgegt ureﬂg%l%bl

i mpl enent at i onex@ditadiie deveetpaciiges 3, Passive Conponent 7 may not be
required or may be realized by enbedded passive conmponents in the housing
of Device Package 5, usually above Cavity 9 and between Metallic Lam nate
15 and Metal |l MRS 46, LB LEIdristnal BY BEviDA! YEERuiVABNAL RyiRs and
Lam nate 16 na@ot@%n% :Rl?rll é@g?t}ﬂgﬁ%ﬁiﬁ %%JraSﬁlg uraﬁ/lty of @lgm napgs (not
shown). As a npanRs @halkr doastthegr. Radi desEtiest atmvieckerdn, Gaviprogesd off maldng ce

Package 5 may be hernetically seal ed vvi_tg, eal i n Mftal Ca 1.or be
filled with a wealien R Gumsqeivess &xpiesiratia! j@r%ﬂ?ﬁgf of pFreas t-SéEfteErg‘ﬁéP vi ew
of RF Transcei c?’eﬁléit%’ of the" {ii(f}ere% Actlods PERMEREArdrdcdivds 18(Rdst Prive-abt destgns

enbodi nent of resent invention. Device Package 5 conprises 4 Q\'gﬁh
diel ectric | ayeftha stdall Pan fAGommiet Megratiod invanesstithek eedliziag d\pesiecks ieide

accordingly) forns the co site usi ng of Vi Packa 5.5 in Fl G

6(a) previ ousl jousing ¢ %?Vlg%) g’??kqgﬁ e P’ ?fgpélgt ert%zarf(g?%‘?ggqterﬁe%nﬁ\é\gasbggkage

5 and Antenna éofﬁ?gnéﬁi@ @% tife %ugingiowweb@e@@asdgysr ealized on its bottom
may

surface. Antenna e a patch antenna as described previously herein
and is part of a netallic |am nate on the bottom surface of Layer 21.

Connected to Antenn is.EFilter 2.th | i a =

resonators as @ﬂganﬁ’ %ﬁeSHIB#P sraiizge E:F| ?%%S(%%fe?goﬁﬁgc ne?iveino V; gér(l:é%rr{ln
both Layers 22gang 23 Bpdyidesiedediaoe RECT iRasteiveh evdicroim Antenda Viand Filtel
tracks on Metallic Lam nage 15 on the bottom surface of Layer 23. Passive
Conmponent 7 and IC Die 8 of Radio Electronics 3 are also interconnected by
the sane netal tracks on Metallic Lam ngte 15 and nay be connected to

Sol der Balls 12 by one or nore vias of Via 14 that goes through Layer 24.
Metal Lamnate 16 is the ground plane and is connected to a ground pin of
one of Solder Ball 12 by neans of Via 13 and Via 14 10 11 that go through
Layer 23 and Layer 24 respectively, Cavity 9 may be filled with a resin or
hernmetically sealed with Sealing Metal Cap 11. [0034] Figure 7(a) depicts

______ - " Y o o = oy



[ 0035] An expl oded di agram of the cross-sectional view RF Transceiver 4 in
FIG 7(a) is depicted in FIG 7(b), the second enbodi nent of the present
invention. FIG 7(b) is a three dinensional view fromthe top view and
where 1C Die 8 is shown unconnected. FIG 7(c) is a three dinensional view
of the same fromthe bottomview and with IC Die 8 bonded and adhered to
netal | am nate Layer 26, that is Devi cd Package 5 is turned upside down and
vi ewed accordingly. FIG 7(b) will now be described followed by FIG 7(c).
12 [0036] |n RI Gand(WwhereDeppropriftackatbey Silisopnds dasgvean gompensnisct 1) @re

| , 21, 26, and 25 t acked .(and q o o
the: compost t o BRI AR oB OB BRGS0 T

previously. Layer 21 serves as a neans to provide a top surface of Device
Package 5. Antenna 1 and Filter 2 are realized on the bottom surface of
Layer 21. Antenna 1 nay be a pammamnekthednyentiddscri bed previ ously herein
and is part of allic ]amnate h t .

Connect ed t o BRI EnkATRAR SR 1o Hgt B REUahEERCL b WEotne
resonat ors angfits pB@Hagin(gfhaWhg sifeililednkbws]ly teifiiei endhe henikot t om sur f ace of
Layer 21. The left end of Filter 2 is connected to Via 13 in Layer 26 and
is connected to Radio Electronics 3 via a netal lamnate track (refer to '
FIG 7(c)) on tt 0 s 1 v Badis &Gdf oni cs
3 resides in g@?lsﬁﬁ @%&ﬁr{snfvgxgtﬁodlu‘%rtoib@é%na hteréru{e;ccigg%d@qbor%ded to the

metal | i ¢ | am nat ecladtfontds U mderedm thd éilleptahdths unfeane aed sinaytne@6ly redieed t o

FIG 7(c)). The interconnections of IC ge 8 are conr%le ted to Sol der Ball
12 via Via 14 withir thydeayising of it§ Ragkage and e eerfionies gltaghele, pp migina S nmay
be hernetical | ). A FRiYh ] iokh a
resin as a nea&rféé??L%%S%%%Pﬁg&kggg3%&??&%&5@% [ OOSQ]QmIEQI1 @rﬁg%\g{)o}'
depicts how IC Die 8 may be connected to Filter 2 and to Solder Balls 12.
IC 8 is adhered to Metallic_Laninate 32, ecifically to the large netal
ground plate Metallic Lani n&@%sqrr{&toqﬁgsﬁ’ﬁamw Metal Track 41. Metal
Track 41 is c t i . r t RALrilsAr ves
as the gr oundqg?h?fo@ggged\??ig%tggg?gggsgtq%t%%lp g?%hé;l]? htgﬁebelsglhge ggl s&gf ?eg De 8
are connect ed Hyovdyhefiexampkpewith refersadede thddhivings Béwhishanpl e, Bond Pad 30 is
bonded to Metal Track 44 and connected to Solder Ball 46 via Via 45. Filter
2 is connected to IC 8 by neans of Via 13 connected to Metal Track 47. IC
Die 8 resides gddimGCaVd 4 YloPk dfe@dint ¥f DgdiRyal RE thankéedebrivi th a resin or
hernmetically sealed with Sealing Metal %?ap 11. [0038] FIG 8 depicts the
top view of Layer 21 where Filter 2 and Antenna 1 are |ocated. The

di nensi ons of ign e lle of FiLlter 2 nt enna shown
(in nillinetert §]51 flﬁ?ﬁ.%ﬁa Fg’ﬁngéjagﬁ“&a‘*3{’83’”‘%3@(@’?& %%?‘éfer%a{%‘g egéé’t;f?‘&‘%p
parameters of dé@ldeed hathireeecadity off kieedeviceapatk AR, and ahel artexdlal anddth iltehe
housi ng of Device Package 5 that is based on LTTC. The basic paraneters are

the return | osae plsged ederngl toihg dpyicedrackaget er 2 and the cofiel d co-pol ari zed
radi ation pattern of Antenna 1. In FIG 9(a), the return loss is plotted

with a bold line while the insertion loss is plotted with a dotted line. In
FIG 9(b), thegoozjiFEG.dns paidckidingram bfie pEophaRE transqdivirtvaeravheleletrooicsl | i ne
and in the Hplane wth dotted line. These plots depict the efficacy .of the
i nventi on wherdidfhgfiltergre plaggd WAﬂ‘t“éﬂWaFa’i‘%Pgthaei q%ﬁWé’ﬁ%‘fﬂEE eypd rﬂéed‘?r}t?h% ¥n the

housi ng of Devj f io¥ 8L ckhoe:[ 0040] 1t shoul d be clear
that a person Ijse%%eﬁggﬁﬁ%fﬁlg%g}lt %gﬁlﬁ%?gi%l yﬁacppﬁ’ the invention in a nunber
of ways. For exanple, Filter 2 and Antenna 1 need not be on the sane | ayer
in Housing 5 of RF Transceiver 4. In ather wo , Filter 2 apnd Antenna 1
may be on sepdP8i4 Elgygﬂ%a@&"kdéa(ﬂr?rﬂé’ aPROt- ﬁ%%s%vgfwﬁ%%§1$ CREGe 5
of RF Transceiyekitn Q%@‘i}\} oftihsetcd faskdpeedte Fill@! istreRRF O phdt|dfedlei n
the art can design Filter in the housing _oT Devi ce Package 5 of RF
Transcei ver 4 housmgrfdberce pickagyandahs ententiain ptaged externplioslsvice packaeer desi gn
shown above herein. [0042] It should be clear that a person skilled in the
art can design Antenna 1 in the



housi ng of Device Package 5 of RF Transceiver 4 in a nunber of ways other
than the patch antenna shown above herein. [0043] It should be clear that a
person skilled in the art can realize Filter 2 and Antenna 1 in the housing
of Device Package 5 of RF Transceiver 4 using other high dielectric
materials other than LTTC. [0044] It should be clear that a person skilled
in the art can realize Filter 2 and Ant%nna 1 in the housing of Device
Package 5 that is cavity-down as opposed to cavity-up shown descri bed
herein. 13  1ep25D046] 5 lHaw blogk degoam béthetesenbioventonbvhfirerthet BE wangseiver

reference to the. acconpanyi rawi ngs. i.t is,to be understo h he
invention is :‘Fﬂf 1tp ierﬁcgg?fc%/Bf;{%fg‘é'gw@f%S8?W\£.)'n?§th5rﬁi§wtcﬁg?c & %@gth% ﬁggﬁaﬁeas and
nodi fi cations ,ganhPeilRdee RimaRReSIslY k&dized ab Hartast the hé\eude depay Hevige from
the spirit and scope of the novel concepts of the invention as defined in

the appended ¢hdﬁms; 14 15 Cdains 1. A device package conprising at | east
one integrated circuit die, at least one filter and at | east one antenna
wher ei n:

[0026] FIG. 6(a) is a cross-sectional view of housing of the RF device package and
FIG. 6(b) is an exploded view of the same, and are the first embodiment in

accordance with the invention;

[0027] FIG. 7(a) is a cross-sectional view of housing of the RF device package,
FIG. 7(b) is an exploded view of the same from the top view, and FIG. 7(c) is an
exploded view of the same but turned upside down, and are the second embodiment

in accordance with the invention;

[0028] FIG. 8 is the top view of the metallic structure of the antenna and the filter

in accordance with the invention.

[0029] FIG. 9(a) and FIG. 9(b) are the basic parameters of the antenna and the

filter in accordance with the invention.
Detailed Description of the Drawings

[0030] FIG. 3 and FIG. 4 depict the block diagrams of a prior-art RF Transceiver 4.
In FIG. 3, prior-art RF Transceiver 4 comprises Antenna 1 within the housing of
Device Package 5 and the remaining parts of RF Transceiver 4 are in the cavity of
Device Package 5. These remaining parts of RF transceiver 4 encapsulated in
Cavity 9 of Device Package 5 include Filter 2, Passive Component 7 and IC Die 8
on Substrate 6. In FIG. 4, on the other hand, prior-art RF Transceiver 4 comprises
Antenna 1 that is external to Device Package 5, Filter 2 within the housing of
Device Package 5 and the remaining parts of RF Transceiver 4 are in the cavity of

Device Package 5. These remaining parts of RF transceiver 4 encapsulated in



sai d devi ce package conprises at least two netallic |am nates, said at

| east one filter is realized by first nmetallic lam nate in housing of said
devi ce package, said at |east one antenna is also realized by said first
netallic lam nate in housing of said device package, and said at |east one
integrated circuit die is connected to second netallic |am nate on one
surface of said device package. 2. A de\i ce package set forth in Cdaiml,
wherein said second nmetallic lam nate is on the surface of one of the

i nternal s wal IGavi§ $af Davivei Bekpga Raigeluds Passivel ©pimpengrick age [€eDid reth in
Caim1l, wheregjn sai evi ce package. enmbodi at t one.radi o frequenc
transcei ver. _u%gradeégi géS%%R‘g éarggetmgn&l? k?? @dallj:ﬁ% o%%frtéf gayﬁ&%fﬁ 9 ofy
sai d device pagkagg of DdgwerhcRilzd-9\ol RARBPRL Wl ET 0 Patkpes)GanRRéGe MBS i al .
5. A device package set forth in Claiml, wherein said device package is a
Bal | Grid Arraybstigte, theehyi cdisnipaiinedhenesdifor Substraierf. O ai m 1, wherei n said
first nmetallic lamnate is the top netallic |lamnate in housing of said
devi ce package. 7. A device package set forth in Claim1, wherein said at

| east one ot hqgoaptA Héseribantdaiién it 8 Higlde eldsibebiiovean RFaT thnbdelwdr 47t bd bs C

| am nate and said second netallic |lamnate. 8. A device package set forth
in daim6, weempret asgossible, theigsy hayiag &wal}?&famif@w%}?ﬁsﬁ&{%gﬂ? Rjesthded.

15 16 9. A i packa r in. i : r eden.: I i of
metallic | am ﬁg eé]csﬁgflslgp%a%gal% g% \%\Iﬁe}e%%sfa clioqi‘a?{r rsatE glﬁ%sr,gﬁl &g&f@mgn&aé[sgna{n tsai d
second met al | isgmliigdHeta@s] e incbBpordtesl euitemaphakadiitae? ifitorthh HowsiGk adfnDevice
wherein said plurality of metallic lamnates_is used to realize enmhedded
passi ve conpor@skage 5 thergbygjehiering meragpmrast Device fa¢ geJSa?ﬁal@zs RIFEF8Eh at

ot o S8y b PRtk e, e Bty
one passive cduioaabéddedivathin thesmiusingtof Deait Pankagp dsmidvtbe conginimg parts of
soldered to SaéFdTrsa%(s:é)eri]\(/jer rérteétréa inl tihg cl?n%’g/i or}a[see\fice Package 5. The remaining parts of RF
Transceiver 4 encapsulated in Cavity 9 of Device Package 5 include Passive
Component 7 and IC Die 8. In this first embodiment of the invention, Device
Package 5 is based on LTTC material and the housing of Device Package 5 can
then serve as a multilayer high dielectric substrate, thereby eliminating the need for
Substrate 6 in FIGS. 2, 3 and 4. It should be noted that Device Package 5 can be

based on other high dielectric materials other than LTTC.

[0032] Figure 6(a) depicts the cross sectional view of the first embodiment of the
present invention. Antenna 1 and Filter 2 are interconnected and are metallic-
laminate structures located below the top surface of Device Package 5. Antenna 1
and Filter 2 are on the same metallic laminate layer. Antenna 1 may be a patch
antenna (refer to FIG. 8 later) or any suitable antenna structures previously
described herein. Filter 2 may be that based on the two-patch resonators (see FIG.
8 later) or any suitable structure. Filter 2 is connected to Radio Electronics 3 by
means of Via 13 comprising a single via or plurality of vias. Metallic Laminate 16
serves as a ground plane for Antenna 1 and further serves to shield Radio
Electronics 3 comprising Passive Component 7 and IC Die 8. Metallic Laminate

16 is connected to the ground pin of one of the Solder Balls 12 by means of at least



13. A device package conprising at |east one integrated circuit die, at

| east one filter and at | east one antenna wherein: said device package
conprises at least three netallic |am nates, said at |east one filter is
realized by first netallic lamnate in housing of said device package, said
at |l east one antenna is also realized by said second netallic am nate in
housi ng of said device package, and saird at | east one integrated circuit
package is connected to third netallic |am nate on one surface of said

devi ce packagene of.tha viksvofc¥iap bt kadjat dest duer ohthenvigs af Mid34. wHEr Bien8 & d

vl oo bock o Sohde SRR S ey SR B kS >
netal | ic | am nagge ioa)PbpaReh S BIRE contbdidnubid ad®b@ bl bbﬁdﬁh?%@t}%ﬂﬂ(e.sai d

second netallic | am nat'e, or placed between said third netallic |ani nate
and sai d fir stlnmegsabases, Huam eranectiongs preferregoven wihiondingdiskatse isprovides t h i n

Cl aim 15, whereiin said at least one.other .netallic |amnpate I,S. drounded.
77 A devi oo poaRunbaft ot PR ROGA s E SRimeleneal IS el MR R A 1
lami nates is pbhRRA dRtM &Mk LithingteSt aldté that Brdonat desizhsl depérliiseaond
netallic |am nate, or placed between said third netallic lam nate and said

first netal i dh¢ speeifie earchigctuse chadi teplpmentaden $ét Redip t Bleptioragsaidm Pepsive

first metall . i beplpaienagen .
pacsive componeb@nedd 7 el b BB By % MaRied Byl FlbagRa JRRART T°

| east one of s@hfboRénts ahithy thi\?ﬁt(ﬂl Dédcd Patiat el usvally aboweCavidp) .9 Andlevi ce
package set forth in Caim 13, erein said device package includes at

I eiazt oge pas dieteesoMsimbh tLamipde el n asdiMetallic] baginaten d6;p Hgs digtecmpysent i s
t \ oS e ot . el
2t Least one SRS LSl CaBRPESS maste AUENLEGRRATEAOR pRAMRELE 09

wherei n: sai d lg@itaes (Recshawa).c oy nsas Elprbteaity Radio Mbdcabhics 3| @avina® ef,
said at least one filter is realized by first nmetallic Ialr%'na{e i n housi ng
of said devi cdPyyaeadagkage 5 may be hermetically sealed with Sealing Metal Cap 11 or may be

filled with a resin.

[0033] An exploded diagram of the cross-sectional view of RF Transceiver 4 in
FIG. 6(a) is depicted in FIG. 6(b), the first embodiment of the present invention.
Device Package 5 comprises 4 high dielectric layers, 21, 22, 23 and 24, and when
stacked (and processed accordingly) forms the composite housing of Device
Package 5 shown in FIG. 6(a) previously. In FIG. 6(b), Layer 21 is the top layer of
Device Package 5 and Antenna 1 and Filter 2 are simultaneously realized on its
bottom surface. Antenna | may be a patch antenna as described previously herein
and is part of a metallic laminate on the bottom surface of Layer 21. Connected to
Antenna 1 is Filter 2 that may be realized as two-patch resonators as shown. The
left end of Filter 2 is connected to Via 13 in both Layers 22 and 23 and is
connected to Radio Electronics 3 via metal tracks on Metallic Laminate 15 on the
bottom surface of Layer 23. Passive Component 7 and IC Die 8 of Radio
Electronics 3 are also interconnected by the same metal tracks on Metallic
Laminate 15 and may be connected to Solder Balls 12 by one or more vias of Via
14 that goes through Layer 24. Metal Laminate 16 is the ground plane and is

connected to a ground pin of one of Solder Ball 12 by means of Via 13 and Via 14

10



said at | east one antenna is also realized by said first nmetallic | am nate
I n housing of said device package, and said at | east one substrate base is
connected to second netallic |lamnate on one surface of said device
package. 22. A device package set forth in Caim22, wherein said substrate
base integrated circuit package has at | east one integrated circuit die
connected to thereof. 17 18 23. A device package set forth in Caim22,
wherein said device package is based on Low Tenperature Co-fired Ceramc

mat eri al . 24. thatgevthomghdekege st Laysr 2 réspectivglym Cavityvthmegiba fllgddvitiia | east
one other netall.ic |amnate is pla et ai.,d first netallic |am nate
and sai d secord&@Hel ?rmegc?@rﬁeﬁlﬁﬁé‘.”ﬁ%aﬁﬂg%ﬁ?&(@pplgckage set forth in Claim

25, wherein said at |east one other netallic lam nate is grounded. 26. A
devi ce package set forth in Caim?22, wherein a plurality of netallic

| ami nates is {PeiddFipereviendepigte the ¢ross sastiamal jview afithmsesonth mbafinese@bnd
metallic lamnate. 27.. A device a . th. i ' j n said
plurality of ¥ BTSSP IPEHVRA &nt?@%ﬁs%lgl f@%rr 5e%fel ltz;5 éer@oﬁg%é@ag%grg‘éﬁl%ﬁfc-
conponent s. 28amagtesthzurfiokase belety thetdhsurfacEofiDevidé Pavitige &l NAgennehst

one of said plurality of ,
and Filter 2 are on the same metallic laminate layer. Antenna | may be a patch
antenna or any suitable antenna structures previously described herein. Filter 2
may be that based on the two-patch resonators or any suitable structure. Filter 2 is
connected to IC Die 8 (Radio Electronics 3) by means of Via 13 comprising a
single via or a plurality of vias. Metallic Laminate 32 serves several purposes. It
serves as the ground plane for Antenna 1, serves to shield Radio Electronics 3
comprising IC Die 8, serves as the base to which IC Die 8 is conductively adhered
to, and serves as interconnection points for Bond Pads 30 of IC Die 8. Bond Wires
31 connect Bond Pads 30 to Metallic Laminate 32 and are connected to Solder Ball
12 by means of Via 14. IC Die 8 resides within Cavity 9. Cavity 9 of Device
Package 5 may be hermetically sealed with Sealing Metal Cap 11 or may be filled
with a resin as a means of protecting Radio Electronics 3. Passive components (not
shown) such as a decoupling capacitor may also be connected to Metallic Laminate

32 and shielded by guard structures. Such guard structures are well known to

persons skilled in the art.

[0035] An exploded diagram of the cross-sectional view RF Transceiver 4 in FIG.
7(a) is depicted in FIG. 7(b), the second embodiment of the present invention. FIG.
7(b) is a three dimensional view from the top view and where IC Die 8 is shown
unconnected. FIG 7(c) is a three dimensional view of the same from the bottom
view and with IC Die 8 bonded and adhered to metal laminate Layer 26, that is
Device Package 5 is turned upside down and viewed accordingly. FIG 7(b) will
now be described followed by FIG. 7(c).

11



metallic lamnates is grounded. 29. A device package set forth in Caim 22,
wherein said devi ce package includes at |east one passive conponent,
wherein said at | east one passive conponent is soldered to said second
nmetallic |amnate. 18
.ALh‘.A9U.A9hy.A9hy.A9Uy.A9Ae.A‘he.A‘ARZA‘he.Ash?.A‘hR.A‘hR.As{?.A‘y.AhR.Ah
R A{?. Ah, H R {hl no !

9>@' , . ! #~ytni c Y] ca] caV] ca] cal] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] cal] ca] ca
] caU] ca] ca] cT49036] daUGa]da] PejicePackagaPoegmpzises 3 high dielectric layers, 21, 26,

##HHSS! % &+, ,, 0 -.. /17211, 334F4444/ 5| 66 A )
ca] ca] ca] ca] cé‘j‘@%%caﬁrhc{d]‘@ﬁ]’csiﬁ\{%ﬁﬁcé‘ﬁc%{f%%ffﬁ%@%ﬁéﬁ?%f@ﬁ%kﬁggﬁ%ﬁgﬁ:211?211
] cal 6 7h78; 88&%&&9?%&" the: D&ice Package 5 shown in FIG., 7(a} previously. Layer 21 serves

; » <@b====@aoACFI | TM vql gb] X] ca] ca] ca] cab(;a] ce}]] ca) ca] ca] ca] ca]ca]ca]ca]ca]c
a] ca] ca] caU] ca} eahesis dapeaiidantamiwtice af sy e Feakaes) s atmMrRRs Tard Filtgsbbechenc

qc&f gg¥%hhxii Djjji 1Al 7). > A al.

] ca] ca] ca] c:ai (%J] %:égil%:eéﬁl ¢a g(ﬂo % glg%%e]afii%ﬂ%%g?2351%%%%@15??%%%{%%%@1‘ Eﬁ%@@go?a] -

g]pxq]qqq]r ss}/\l e}ayvamiﬁau%qﬁzx{ibﬂts}l} hiéreh]'ahfiKSsnipd:l ]ij]a]] m}ama} miina}scrm} tha} lmm}o@ﬂ caAw
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcal cal ca]ca]ca]ca]ca]cal ~

XvwwnYx Ryy Qz{ Jsp ?Ge&flﬁéykéhi hﬁﬂ{l?qt%ﬂoc%ﬂlté@}f’ch?sc@ fehic ?119&]2631‘)6 a¢ é‘?i"?lé%(fc a] ca

coleo ool ol selcpentoplalohighoieqloeplipligipl s e O L
10 10 'Y ; @Q%yer 21. The left end of Filter 2 is connected to Via 13 in Layer 26 and is

connected to Radio Electronics 3 via a metal laminate track (refer to FIG. 7(c)) on

the bottom surface of Layer 26. IC Die 8 of Radio Electronics 3 resides in Cavity 9

and is conductively adhered and bonded to the metallic laminate structures on the

bottom surface of Layer 26 (refer to FIG. 7(c)). The interconnections of IC Die 8

are connected to Solder Ball 12 via Via 14 that goes through Layer 25. Cavity 9 of

Device Package 5 may be hermetically sealed with Sealing Metal Cap 11 or may be

filled with a resin as a means of protecting Radio Electronics 3.

[0037] FIG. 7(c) depicts how IC Die 8 may be connected to Filter 2 and to Solder
Balls 12. IC 8 is adhered to Metallic Laminate 32, specifically to the large metal
ground plate Metallic Laminate 40 that is connected Metal Track 41. Metal Track
41 is connected to Via 42 and finally to Solder Ball 43 that serves as the ground pin
of Device Package 5. Several of the bond pads of IC Die 8 are connected to their
respective solder balls. For example, Bond Pad 30 is bonded to Metal Track 44 and
connected to Solder Ball 46 via Via 45. Filter 2 is connected to IC 8 by means of
Via 13 connected to Metal Track 47. IC Die 8 resides within Cavity 9. Cavity 9
may be filled with a resin or hermetically sealed with Sealing Metal Cap 11.

[0038] FIG. 8 depicts the top view of Layer 21 where Filter 2 and Antenna 1 are

located. The dimensions of one design example of Filter 2 and Antenna 1 are also

shown (in millimeters).
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109%&' () -s’ 10%#0q3p} FIG10GRagd 9(b) emsct(the basic parameters of the performance of Filter 2

and Antenna 1 realized in the housing of Device Package 5 that is based on LTTC.
The basic parameters are the return loss and insertion loss of Filter 2 and the co-
field co-polarized radiation pattern of Antenna 1. In FIG 9(a), the return loss is
plotted with a bold line while the insertion loss is plotted with a dotted line. In
FIG. 9(b), the radiation pattern in the E-plane is plotted with a bold line and in the
H-plane with dotted line. These plots depict the efficacy of the invention wherein
Filter 2 and Antenna 1 are simultancously realized in the housing of Device

Package 5 of RF Transceiver 4.

[0040] It should be clear that a person skilled in the art can easily apply the
invention in a number of ways. For example, Filter 2 and Antenna 1 need not be on
the same layer in Housing 5 of RF Transceiver 4. In other words, Filter 2 and
Antenna 1 may be on separate layers but realized in the housing of Device Package
5 of RF Transceiver 4.

[0041] It should be clear that a person skilled in the art can design Filter 2 in the
housing of Device Package 5 of RF Transceiver 4 in a number of ways other than

the two-patch resonator design shown above herein.

[0042] It should be clear that a person skilled in the art can design Antenna 1 in the
housing of Device Package 5 of RF Transceiver 4 in a number of ways other than

the patch antenna shown above herein.

[0043] It should be clear that a person skilled in the art can realize Filter 2 and
Antenna 1 in the housing of Device Package 5 of RF Transceiver 4 using other high

dielectric materials other than LTTC.

[0044) It should be clear that a person skilled in the art can realize Filter 2 and
Antenna 1 in the housing of Device Package S that is cavity-down as opposed to

cavity-up shown described herein.
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[0045] Having described the above embodiments with reference to the
accompanying drawings, it is to be understood that the invention is not limited to
these embodiments and that various changes and modifications can be made by one
skilled in the art without departing from the spirit and scope of the novel concepts

of the invention as defined in the appended claims.
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Claims

1. A device package comprising at least one integrated circuit die, at least one filter and at
least one antenna wherein:
said device package comprises at least two metallic laminates,
said at least one filter is realized by first metallic laminate in housing of said device
package,
said at least one antenna is also realized by said first metallic laminate in housing of
said device package, and
said at least one integrated circuit die is connected to second metallic laminate on one

surface of said device package.

2. A device package set forth in Claim 1, wherein said second metallic laminate is on the

surface of one of the internals walls of said device package.

3. A device package set forth in Claim 1, wherein said device package embodies at least

one radio frequency transceiver,

4. A device package set forth in Claim 1, wherein housing of said device package is based

on Low Temperature Co-fired Ceramic material.

5. A device package set forth in Claim 1, wherein said device package is a Ball Grid

Array.

6. A device package set forth in Claim 1, wherein said first metallic laminate is the top

metallic laminate in housing of said device package.

7. A device package set forth in Claim 1, wherein said at least one other metallic laminate

is placed between said first metallic laminate and said second metallic laminate.

8. A device package set forth in Claim 6, wherein said at least one other metallic laminate

is grounded.
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placed between said first metallic laminate and said second metallic laminate.

10. A device package set forth in Claim 9, wherein said plurality of metallic laminates is

used to realize embedded passive components.

11. A device package set forth in Claim 9, wherein at least one of said plurality of metallic

laminates is grounded.

12. A device package set forth in Claim 1, wherein said device package includes at least
one passive component, wherein said at least one passive component is soldered to said

second metallic laminate.

13. A device package comprising at least one integrated circuit die, at least one filter and at
least one antenna wherein:
said device package comprises at least three metallic laminates,
said at least one filter is realized by first metallic laminate in housing of said device
package,
said at least one antenna is also realized by said second metallic laminate in housing of
said device package, and
said at least one integrated circuit package is connected to third metallic laminate on

one surface of said device package.

14. A device package set forth in Claim 13, wherein said device package is based on Low

Temperature Co-fired Ceramic material.

15. A device package set forth in Claim 13, wherein said at least one other metallic
laminate is placed between said third metallic laminate and said second metallic
laminate, or placed between said third metallic laminate and said first metallic

laminate.
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laminate is grounded.

17. A device package set forth in Claim 13, wherein a plurality of metallic laminates is
placed between said third metallic laminate and said second metallic laminate, or

placed between said third metallic laminate and said first metallic laminate.

18. A device package set forth in Claim 17, wherein said plurality of metallic laminates is

used to realize embedded passive components.

19. A device package set forth in Claim 17, wherein at least one of said plurality of

metallic laminates is grounded.

20. A device package set forth in Claim 13, wherein said device package includes at least
one passive component, wherein said at least one passive component is soldered to said

third metallic laminate,

21. A device package comprising at least one substrate base, at least one filter and at least
one antenna wherein:
said device package comprises at least two metallic laminates,
said at least one filter is realized by first metallic laminate in housing of said device
package,
said at least one antenna is also realized by said first metallic laminate in housing of
said device package, and
said at least one substrate base is connected to second metallic laminate on one surface

of said device package.

22. A device package set forth in Claim 22, wherein said substrate base integrated circuit

package has at least one integrated circuit die connected to thereof.
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24. A device package set forth in Claim 22, wherein said at least one other metallic
laminate is placed between said first metallic laminate and said second metallic

laminate.

25. A device package set forth in Claim 25, wherein said at least one other metallic

laminate is grounded.

26. A device package set forth in Claim 22, wherein a plurality of metallic laminates is

placed between said first metallic laminate and said second metallic laminate.

27. A device package set forth in Claim 27, wherein said plurality of metallic laminates is

used to realize embedded passive components.

28. A device package set forth in Claim 27, wherein at least one of said plurality of

metallic laminates is grounded.
29. A device package set forth in Claim 22, wherein said device package includes at least

one passive component, wherein said at least one passive component is soldered to said

second metallic laminate.
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