1 INTEGRATING AN ANTENNA AND A FILTER IN THE HOUSING OF A DEVICE PACKAGE Field of
the Invention [0001] This invention relates to a filter and an antenna, and particularly to a filter and
antenna simultaneously embodied within the housing of a device package, thereby allowing the
realization of a compact small form-factor radio frequency transceiver. Background of the Invention
[0002] The trend of the design of many portable electrbnic devices is towards smaller devices for
portability, aesthetics, and other reasons. Examples of portable electronic devices include mobile radio
frequency (RF) transceivelrBl THoGRAJG Ide AN NIEEENAANDIkIEd4 [DEARAMNa networks (WLAN)
and the like. WLAN transceivers have recently become increasingly prevalent with the USA Federal

Communications Commission's HE F) @l ssarj e oFSRMNVENY [pawiitikia ¢e SGHz frequency band for

the Unlicensed National Information Infrastructure (UNII) and with the European High Performance Radio
Local Area Network Type 2 (HIPERLAN/2) system. [0003] Traditionally, the complete RF transceiver is
constructed by a number of interconnected integrated circuit (IC) dies (that are packaged in their
respective IC packages) on a motherboard Vi stgﬁ%”(‘,’Sﬂ’ikS’é‘nents, and external parts: filter, and
antenna (and associatesb shietingiehkien Cethess ated riiciticemal yrandtesnalpasssaantyled infigeoxy resin or

in ceramic packages. In this traditional roach, the  primary functjons, of the kage are simply a
means of interconnecﬁﬂé t%rge?ﬁr%ég?é g@%%r%%lfts lc\{ieeﬁ]ok%%é'eegt}ellvr'#é V\{/%?I?P%H%} pa}[?égc\)/ﬁ%epa?ﬁﬁgg&age) and
ameans of protectinghekehg aievdngehigbipglizatid of a compact sniatin-factor radio frequency

transceiver.

Background of the Invention
[0002] The trend of the design of many portable electratevices is towards
smaller devices for portability, aesthetics, arfteoreasons. Examples of portable
electronic devices include mobile radio frequen&F) transceivers, including
cellular mobile handsets, wireless local area nksvqWLAN) and the like.
WLAN transceivers have recently become increasimgivalent with the USA
Federal Communications Commission’s (FCC) allocatib300MHz bandwidth in
the 5GHz frequency band for the Unlicensed NatidnBdrmation Infrastructure
(UNII) and with the European High Performance Rddical Area Network Type
2 (HIPERLAN/2) system.

[0003] Traditionally, the complete RF transceiver is camsied by a number of
interconnected integrated circuit (IC) dies (thag packaged in their respective IC
packages) on a motherboard with passive componants.external parts: filter,
and antenna (and associated shielding). The I€ atie traditionally and usually
assembled in epoxy resin or in ceramic packageghis traditional approach, the
primary functions of the package are simply a meahsnterconnecting the
integrated circuit die to the external world (thespof the IC package) and a means

of protecting the IC die for reliability.
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2 [0004] With technological advances in IC technology, the functionality of the several IC dies in their
respective IC packages and most of the passive components of the complete RF transceiver can now be
realized (in part depending on the specific architecture of the RF transceiver) by a single IC die and/or
packaged into a single device package. In IC fabrication technology, the downscaling of the minimum
feature size of the fabrication technology allows more Zircuitry to be realized in a given IC die area. For
some electronic systems, a complete system can be realized on a single IC, commonly known as
System-on-Chip (SoClpoasid \Vigh denfplelegisatasivivnpgaskingdd iieehacingyle edienalivkafehm IC

packaging technologycaeplyrialityf ICHAiss e AR SREKRLIARA INIREEARRSS IS SRR ARQWN as

stacked die package using 3D packaging technologies, and/or several interconnected IC dies and

passive components &h H'Si QR RGEstFRe MR SIVRE &t RIhiBeysRIRIRE MEPRIEIRYsAENINE packaged
into a single device papeayt, seontawamy bhtherRastBysiesven Baclege (GEPan)0PphEikegel deficts the
functional blocks of RE Tra SC ivere4 th%&incelud?s fEr?gbrsgﬁ%rﬁt%ggod lt%%: ,db\gt%r%%a :rL1 Filgetrhé and
Radio Electronics 3. Nofe iat Radic Eisciionics 3 may cdmp'rlse a sﬁ?g}:e ora ;‘:’)\furaﬁﬂ/ of packages
and/or passive comporeimsnarieaties gicg bk thadabrioatwsbstraotagiot/srraqpei ntscuginciu beard

motherboard. In traditjong) desionsyiha Gemponeats i fRadimElerairsane. asssmaiad stem

motherboard and are connected to Filter 2 and Antenna 1. Antenna 1 and Filter 2 are usually connected

by ports with a comm&ATRp&EaaE fod 6| bu kOB RRICKERVERERRE-SNLRRIRAAH R Peged in
Bipolar, Silicon- Germegtiypie@neys@iiling Arssaigdecineslagiasghleltyittiedpsighibnity gaikagingff
frequency. However, \{\éjth rt]maocongnqiunr | 0"6’{‘?83",2 % Cqupé mentar t('a\ﬂgtﬂlnect):régecs?nmi%% ductor
(CMOS) technology an I?or codt SoRst eré{tlons, lﬁja 0" Bletromcs B how argely reShZe6 N CMOS.
For example, deep submigroas stacked die package using 3D packagirtinedegies, and/or several
interconnected IC dies and passive components singde substrate. For some
electronic systems, a complete system is packagedai single device package,

commonly known as System-in-Package (SiP).

[0005] FIG. 1 depicts the functional blocks of RF Trangee4 that includes three
separate modules: Antenna 1, Filter 2 and Radiotileics 3. Note that Radio
Electronics 3 may comprise a single or a plurabtylC packages and/or passive
components, and they may be placed on a substdieraa printed circuit board
motherboard. In traditional designs, the compahent Radio Electronics are
assembled on a motherboard and are connectedeo Fiind Antenna 1. Antenna

1 and Filter 2 are usually connected by ports witommon impedance.

[0006] The bulk of Radio Electronics 3 is traditionallyaliged in Bipolar, Silicon-
Germanium and Gallium Arsenic technologies duehtirthigh unity gain cut-off
frequency. However, with the continuing downseglof Complementary Metal
Oxide Semiconductor (CMOS) technology and for coghsiderations, Radio
Electronics 3 is now largely realized in CMOS. Fmotample, deep submicron
CMOS technology such as Opir@ or smaller dimensioned CMOS technology can
be used to realize radio circuits operating in miaguencies including the 5 GHz

range. As a result of continuing downscaling, ltinék of Radio Electronics 3 can
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CMOS technology such as 0.18m or smaller dimensioned CMOS technology can be used to realize radio
circuits operating in many frequencies including the 5 GHz range. As a result of continuing downscaling,
the bulk of Radio Electronics 3 can 2/18 3 now be realized by a single IC die or a plurality of IC dies in a
single device package, or a single or a plurality of IC dies and passive components on a substrate in a
single device package. Figure 2 depicts this prior-art BF Transceiver 4 realization where IC Die 8 and
Passive Component 7 are placed Substrate 6, all within Cavity 9 of Device Package 5. Radio Electronics
3 may comprise Subsheite bg, Ratiziek Inompteet!C aiel (C DiplFadd@slirmiing sintie: dpdcHic

architecture of and teshelagydisedifeidss TARSRYSH b BRsWRGRIUBHISHCARIHY gkae 6 may

not be required. In some prior-art realizations, Filter 2 may also be realized on_and/or embedded in

Substrate 6, or it may!Be% BRI 9656y iRaChaIRagE G HE AePrRSH NG, RF itidaptriVRtedrated as

part of the housing of i2aricgidtackrge 1€ (Diées tarfd PaddrieTotipensady,phic e Nibstraane, anay be
connected external to Device Package 5 as shown in EIG_2 and/or it be integrated. as part of
housing of Device Pa&%‘dg a(\r/§[e§ t%qur%"%? Ig?ek%fi%} a5I1 pﬁ%ﬁ%%ag{é.%ns%aﬂnggﬂq é'iean%)léﬁ)@e{?Z are not
simultaneously realizeid Bggsire iahwbigrifgpotl DeliesSPankalge Switissnnidicatatigsighevall now be

described in some detally {QQRI AREEEA biRIDG CRARRINSTY, P46 RHRABISIMTINaLFAGIAes and/or

receives the RF. In most transceivers, Antenna 1 serves as a reciprocal antenna - the same antenna
serves as the radiatin' @1 A AL RS dinl) SHBRRAI0AHE FpRl 18IS AV RA @FOrRIVeREsE e xternal

to and separate of theaptier paiteafi&F inl Sulsseivers? becanss itsepeapearipeace esakaiellp independent
thereof. The well- known apianna peserblics forranseeivers Indude he sdermabuire. aatenng.
(otherwise known as t?lueIO wﬁlp antenha),ot'he qugrtt)er Wave sefralgSrR wiré an enHa, the 9

5 (refer to FIG. 4 later). Antenna 1, on the othand, may be connected external

to Device Package 5 as shown in FIG. 2 and/or i & integrated as part of

housing of Device Package 5 (refer to FIG. 3 lateth all prior-art designs,

Antenna 1 and Filter 2 are not simultaneously rzealias part of the housing of

Device Package 5. These prior-art designs will bevdescribed in some detail.

[0007] Antenna 1 is the component of the RF transceivat thdiates and/or
receives the RF. In most transceivers, Antennantes as a reciprocal antenna —
the same antenna serves as the radiating and esctigeing antenna. Antenna 1 is
usually traditionally realized external to and gepa of the other parts of RF
Transceiver 4 because its properties are essgntidibpendent thereof. The well-
known antenna assemblies for transceivers include external wire antenna
(otherwise known as the whip antenna), the quaréefe straight wire antenna, the
coiled quarter wave wire antenna, the Planar ledeR Antenna (PIFA), and the

patch antenna.

[0008] As abovementioned herein, a variation of prioregsigns depicted in FIG.
2 is shown in FIG. 3 where Antenna 1 is integrated the housing of Device
Package 5. This is somewhat prevalent in Bluetapftlications and the like. For
example, Zhang in a paper entitled, “IntegratiorMiérostrip Antenna on Cavity-
Down Ceramic Ball Grid Array PackageE|ectronics Letters, Vol. 38, No. 22, pp.
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coiled quarter wave wire antenna, the Planar Inverted F Antenna (PIFA), and the patch antenna. [0008]
As abovementioned herein, a variation of prior-art designs depicted in FIG. 2 is shown in FIG. 3 where
Antenna 1 is integrated into the housing of Device 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. 3/18 4
1307-1308, October 2002 (Zhang 2002a), reported the integration of a microstrip antenna within the
housing (surface of top388clidhdheciobenfA08vi¢éPackage2s). aepintaditityaton chatnioeatrigeramic ball

grid array (BGA) packagie i hitniRriAE Mo SO R B Sy sripRRUsRaGage . @ BGA

package. In this design as in all prior-art designs, the Filter 2 is not simu taneouslﬁ realized within the

housing of Device Patkifgd & LiRtBur S3Wodmn EREMICHIREr 91 HHBG AL AREG W/ eMbEtRied in

Substrate 6 where IC Blier&aribsigRassuR €rrepoagsildtedarasevaiiachndsos Braypackeyternal to
Device Package 5. In ??ase where Devjce Packg%e 5 is a high 'electri(g gﬂ%tq ial such as

Low-Temperature Co-t Ife eé@r%r%?c'( 85i,0 [?Die8'dna/or Passive Ef)ompo%ean lrjr?gy '58 Igt?gched
directly to the base anwlitbintgpeohQ@usiity of Réxicsr Bhthadmbsingsiéabiarandn DdGica, I-iitely 3dsve as the

substrate. Cavity 9 mayys fitediyith geMBa8g ek aral8d Wik dbreadngnaeialwaR;8009] In an
article by Gaynor et. al. entitled, "System-in-Package for WLAN/PAN Aids Coexistence with Digital

Cellular, High FrequeQIMRRREdn & eSaGiachesh 0o o8RG RIFEER28YICOFtRDkadsienrl $3%8Rized as
an integrated antennayheduisevigalzeckuiid B iDavieshRpskagr haetide pertetv-Thisguiatastdesign is as

that depicted in Figurg. 3 And Iz AR RIPYOUSIY EeSRHRRHIREI CBRSPP 57 be attached
directly to the base and/or top of Cavity 9. Adayf the housing of Package
Device 5 may serve as the substrate. Cavity 9 beayilled with a resin or

hermetically sealed with a sealing metal cap.

[0009] In an article by Gaynor et. al. entitled, “SystemFackage for WLAN/PAN

Aids Coexistence with Digital CellulaHigh Freguency Electronics, pp. 30-41, Jan

2003 (Gaynor et. al., 2003), Antenna 1 realizecdmsntegrated antenna module
realized within Device Package 5 was reported. s Trior-art design is as that
depicted in Figure 3 and is already previously dbed herein. There are also
several other prior-art designs reporting the saesgn methodology, including
that involving an integrated antenna for a Bludtaoansceiver. In all these prior-
art designs, Antenna 1 and Filter 2 are not simelasly part of the housing of

Device Package 5.

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

that are embodied in Radio IC 3 require high Q @gddandpass filters for image
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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). Irfreguenele stjessianiland2fon o denglagsiectim duggahige R ahadgoerdamdpdonal

radio cirit architect g nghicingdeh ehareeRAERctin Brdifeiurbecsiiredio 9. apaing

bandpass filters for image 4/18 5 frequency rejection and for channel selection and these high Q
analogue bandpass f”fe?%oé'l‘éenthﬁaﬁlﬁmt @l’ﬂ%’PQUﬁAB'FérPeWéhti9t‘§}%?ﬂre(ﬁﬁP€§@GEF?‘aé'E%’YB‘QOr low- IF

require these high Q anetogvedileas ailviessistinngeptggquirements, allowing them to be realized
on-chip in IC Die 8. [0011] With the advances in IC packaging as discussed previously herein, Filter 2
can be realized using Passive Components 7 on/embedded in Substrate 6 where IC Die 8 is attached
thereof. In the case ofl@hzt] eWilbe ddle diivBgistiati o) Blbsirates dispvisgpdaven hiergins ofteielectrics and

metal laminates may re4{ipe RagHg J(SRERARENE dofl BBB%@H& R atFS (RIS RNE RAkScThe

common materials for Substrate 6 include BT, Getek, BT-MG and LTCC. An article by Mathews et. al.

entitled, "RF System |R'P&ﬁa@@3%§ﬁf§@o%m%@%gf tepetld iIPSHOTHAIRE ERHPIGe, ©003
Chip Scale Review (Maitiaysselethl 29053% dgsarénasritie annstiveliona®dsams ofdhiese PisEin
Substrate 6. [0012] A e gD e G R e latRS Y FoL S A RINg O RE SR 8 At Rals

for Substrate 6 include BT, Getek, BT-MG and LTCA&n article by Mathews et.

al. entitled, “RF System in Package: Tradeoffs ®Govéhe Cost, Size and

Performance Equation”, 2003 Chip Scale Review (Mathet. al., 2003), describes

the construction of some of these filters in Sidist6.

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

Device Package 5 are prevalent.

[0013] For example, Ishizaki et.al. (Ishizaki et. al., 2D USA Patent number
6,456,172 described an invention where filtersraedized in the bottom section of
the housing of a cavity-down LTTC Device Packageh&rein the housing having
a plurality of laminated ceramic layers. Passiwen@onents 7 and IC Die 8 may

also be attached to one of the internal surfaceiseohousing of Device Package 5.
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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 5 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. (IshizakiNstieatha20B3E e S AsPeat simulitabepus | 3ealinaitisshebbausintheémicahere filters

are realized in the bot;sggk%%%tigrém ,ﬂé@ lagqﬁg?gagf@eq@gﬂym\&gg\g%gg%age 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 5. 5/18 6 Note that Antenna 1

is not simultaneously realizer witbinehprpusingssigezieePRckaged aRtimasdainstenD be-realized
external to Device Pagkage n, [0014] In anather priop-art design, Zhang in er.entitled, "Integration of
%O%F%F[Oga'égass A2 e %ﬁg&}cpgnau ErLE! AR RAge Hactroni

Dual- Mode RF Bandpas er on Ceramic Ba Ckage", Electronics 'Letters, Tol. 38, No.
19, pp. 1106-1107, SéstearshaioR(ER (Khafy RRORL)6rébortieBe ptembarader{id A0 RNy, bepeltedss filter

(Filter 2) on the top layes phaeaviy SOUMRETIN BRA RRYGRIRASKASE BplGyRied? Max e adtashed to

one of the surfaces of Device Package 5. Note that Antenna 1 is not simultaneously realized within the
housing of Device Patldde BEMPRYAFIRAERIBS rdSiie 2 X080 8¢ BT ery dRe s 8266 £5] In

another prior-art designevitsiebagkabdroa papereatithbineompan: Saraiantl@alinseaiin tass
Chebychev-function I'D‘haonuds,}:l)r‘?lgs So’f: IB%Rlslc%SIIQgCIEgSé_ oacllr?d may instead bézeeakxternal to Device

Package 5.

[0015] In another prior-art design, Hsieh et.al. in a pagditled, “ Compact-size
and Low Insertaion Loss Chebychev-function Bandgékers using Dual-Mode
Patch Resonators”, Electronics Letters, Vol. 37, W, pp. 1070-1071, August
2001 (Hsieh et. al., 2001), reported a Chebycheetfan bandpass using two
square patch resonators, suitable as Filter 2.s filker may be realized on an
appropriate high dielectric material such as LTTiCthe like as abovementioned
herein. In this prior-art work, the antenna was described and is likely to be

external to the device package.

[0016] The RF industry demands ever-smaller devices oivalgntly, devices

with a smaller form factor. As described aboveeherthe process of making
smaller RF Transceivers 4 is essentially the pa#sncreasing the integration
density of the different sections of the RF trangge In most prior-art designs
with a small form factor, the integration involvesher realizing Antenna 1 in the
housing of Device Package 5 or realizing FilteraBd other filters and Passive

Components 7) in the housing of Device Package 5.

[0017] In the spirit of realizing RF Transceivers 4 with aven smaller form

factor, it is highly desirable to have RF Transeei# wherein Antenna 1 and Filter
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Patch Resonators", Electronics Letters, Vol. 37, No. 17, pp. 1070-1071, August 2001 (Hsieh et. al.,
2001), reported a Chebychev-function bandpass using two square patch resonators, suitable as Filter 2.
This filter may be realized on an appropriate high dielectric material such as LTTC or the like as
abovementioned herein. In this prior-art work, the antenna was not described and is likely to be external
to the device package. [0016] The RF industry demands ever-smaller devices or equivalently, devices
with a smaller form factor. As described above herein, the process of making smaller RF Transceivers 4
is essentially the proc@sd@fdnorbastngatbiz dpterjeatiotheferfiieyof and difeseResponentsof theaRa-

transceiver. In most pg%ﬂéﬁi&ﬂg@s@\g’%@ sl ﬁgqg,ﬁ@cé@bébﬁéwtgtlon involves either realizing

Antenna 1 in the housing of Devicé Package 5 or realizing Filter 2 (and other filters and Passive
Components 7) in the housing of Device Package 5. [0017] In the spirit of realizing RF Transceivers 4
with an even smaller form factor, it is highbugeaiabis mehav@nREnTransceiver 4 wherein Antenna 1 and
Filter 6/18 7 2 (and BF) oprlate othenr f(l)l'rt]eg%(g(nsdtPasrgl ents 7). %r(tahgl ultaneously
realized in the housm\g i eV|cepl5€acei<age 3 gummary of the anen lon [ resenlf Thention
seeks to provide an R#f itapsckagingvitaving siougiageofisiy fjmkwdra@mamagerultaneously the filter and
the antenna. [0019] The present invention provides an RF transceiver having an antenna, filter and
electronics, wherein the filter and the antenna are simultaneously realized within the housing of its

package and the electA9hfts AIEaBIRSE b ANSRHOM I iAee @oRfts BASksyEMBAR B IR Bi e compact
RF transceiver with a snaplkkssmdfiassorwHBrisih DRschipsioarnf the RiteaRgSsimultaneously realized

within the housing of its package and the electemittached to an internal surface

of its Package, thereby realizing a compact RFstreer with a small form factor.

Brief Description of the Drawings
[0020] Embodiments of the present invention shall now loenfully described,

by way of examples, with reference to the drawioigshich:
[0021] FIG. 1 is a block diagram of a general RF transreiv

[0022] FIG. 2 is a block diagram of a prior-art RF trangeewhere the electronics
are placed within the cavity of the device package] the antenna and the filter

are placed external to the device package;

[0023] FIG. 3 is a block diagram of a prior-art RF trangeewhere the electronics
and the filter are placed within the cavity of thevice package and the antenna is

realized as part of the housing of the device pgeka
[0024] FIG. 4 is a block diagram of a prior-art RF trangeewhere the electronics

is within the cavity of the device package, theefilis realized as part of the

housing of device package and the antenna is pkxtednal to device package;
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[0020] Embodiments of the present invention shall now be more fully described, by way of examples,
with reference to the drawings of which: [0021] FIG. 1 is a block diagram of a general RF transceiver;
[0022] FIG. 2 is a block diagram of a prior-art RF transceiver where the electronics are placed within the
cavity of the device package, and the antenna and the filter are placed external to the device package;
[0023] FIG. 3 is a block diagram of a prior-art RF transteiver where the electronics and the filter are
placed within the cavity of the device package and the antenna is realized as part of the housing of the
device package; [002802$5 FAGs a isledNatikgliagiarh @itier iesRF irvestdrece WedrE thanskaiteinics is

within the cavity of the,device RREKAAS HM%QH%&M?%E%QV?@ B@H@)ﬁé@epa{&%lﬁ@ga%d[ﬁ&'%@ﬂ%age and
the antenna is placed external to device package; 7/18 8 [0025] FIG. 5'is a block dlagg/tm of the present

invention where the REMHaiRScERRYT argsSiE HiaRReHRAs Eﬁélﬁé‘?ﬁ\/\ﬁﬁll%@%ﬁ\ﬂﬂ?'ﬁﬂtﬁé ge\iekkage, and
the antenna and the fjiekage simultaneously realized as part of the housing of the device package;
[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-sectioriab2ae i IGF. Hi{alin g off tse-Rac it e paicKdurisipgBe R b devise exgskaiyiandw of the

same from the top ViepAng§Gs £¢) d3ABEFPIRAF LY I8V Qdhie SAME Bk fnAbBBIAS AP, and are

the second embodiment in accordance with the invention; [0028] FIG. 8 is the top view of the metallic
structure of the antenSGREAPREMER thedReelahce with the invention.

[0027] FIG. 7(a) is a cross-sectional view of housing lt¢d RF device package,
FIG. 7(b) is an exploded view of the same from tihge view, and FIG. 7(c) is an
exploded view of the same but turned upside dowd,aae the second embodiment

in accordance with the invention;

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

in accordance with the invention.

[0029] FIG. 9(a) and FIG. 9(b) are the basic parameterth®fantenna and the

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

[0030] FIG. 3 and FIG. 4 depict the block diagrams ofiarpart RF Transceiver 4.

In FIG. 3, prior-art RF Transceiver 4 comprises éxmta 1 within the housing of
Device Package 5 and the remaining parts of RFsEeiver 4 are in the cavity of
Device Package 5. These remaining parts of RFst¢river 4 encapsulated in
Cavity 9 of Device Package 5 include Filter 2, Res€omponent 7 and IC Die 8
on Substrate 6. In FIG. 4, on the other handy4art RF Transceiver 4 comprises
Antenna 1 that is external to Device Package SefR within the housing of

Device Package 5 and the remaining parts of RFsEeiver 4 are in the cavity of

Device Package 5. These remaining parts of RFsd¢ever 4 encapsulated in
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[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 Dencapsulated 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 confpigtys SApfdPeidcE tRackagrtermatisl© drassiveakegptsl Riltdr!2 viaiki® the housing

of Device Package 5 giigkihad §naiiaeRaiR R FebigRshe R G 2ies 1N R Cay b RRYiGaAackage 5.

These remaining parts of RF transceiver 4 encapsulated in 8/18 9 Cavity 9 of Device Package 5 include

Passive Component 7'9H8ME D@8\ Sapkadies(' S5ATRARIH- Lt (EEBRS)MBIGSE 4haSFIE 4, one of

the layers of the housinpstfake eedPackman ik trexasepleoindutdapackages) may serve as the
substrate, thereby eliminating the need for Substrate 6. [0031] As described earlier, it is highly desirable
that RF Transceiver 4 to be as compact as possible, thereby having the smallest form-factor possible.
The present inventioriog3an A slesaihedtanviepriols artotdsidesirbleftodh Brankesiyartdato dimasaneously

incorporates Antenna cl, aj &ile 2 aigidn BRI M Rh B BYACEMBREIEE R%LE&%E‘?&X. OffRENAR Pre

compact Device Package 5. This is pictorially dépictedin Figure 5 where Transceiver 4 comprises
Antenna 1 and Filter 2N"VEBHPBH U SURIRHNEIE 1RYESIMy o Bh\HES PMREGENY af PRidfe Hihing parts
of RF Transceiver 4 ajigintéhe salityinddasiar ackanrad 1 ThedremaimmgHearseifFofl Bansceiver 4

encapsulated in Cavit}gagc%lé)eegi,ct eﬁgglﬁa@ﬁ%ﬁni&gunqce)rg %8%\6%ct Devamk&ye 5. This is pictorially
depicted in Figure 5 where RF Transceiver 4 corepriéntenna 1 and Filter 2,
both embedded within the housing of Device Paclkagad the remaining parts of
RF Transceiver 4 are in the cavity of Device Paekag The remaining parts of RF
Transceiver 4 encapsulated in Cavity 9 of DevicekBge 5 include Passive
Component 7 and IC Die 8. In this first embodimnef the invention, Device
Package 5 is based on LTTC material and the housfiigevice Package 5 can
then serve as a multilayer high dielectric substritereby eliminating the need for
Substrate 6 in FIGS. 2, 3 and 4. It should be dhtitat Device Package 5 can be

based on other high dielectric materials other tiERC.

[0032] Figure 6(a) depicts the cross sectional view offitet embodiment of the

present invention. Antenna 1 and Filter 2 arerauenected and are metallic-
laminate structures located below the top surfddeewice Package 5. Antenna 1
and Filter 2 are on the same metallic laminaterlaygntenna 1 may be a patch
antenna (refer to FIG. 8 later) or any suitableeana structures previously
described herein. Filter 2 may be that based erivtfo-patch resonators (see FIG.
8 later) or any suitable structure. Filter 2 iswoected to Radio Electronics 3 by
means of Via 13 comprising a single via or pluyadit vias. Metallic Laminate 16

serves as a ground plane for Antenna 1 and furtleeves to shield Radio
Electronics 3 comprising Passive Component 7 an®ikC8. Metallic Laminate

16 is connected to the ground pin of one of thel&@oBalls 12 by means of at least
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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 thei@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 2neredbihtheisarme Virethli@hahdgeshypoe Ahtdanaf1Minaidbe dpdiith Gaistenna
(refer to FIG. 8 later) %ﬁHM&éﬂ&%@'ﬁl@t%ﬁﬁ@ﬂérﬁ%‘é@é%ﬁ%‘?@y'ey#ﬁéaﬁ#%ﬁ&“l?@ﬁd SNafligsgmey 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 SHERREdT WdNE8 D AT LR CYHSGHOvi S HTE RBIRP Jandind rrdifiea Rinate 16
serves as a ground plangmbst éaﬁegnmhpmbﬁmbeorsw\mef&rehlemmmri@leetfam@sn?»pmmﬁmg

Passive Component 7 ar}]dot%anlqeegné\/leial ﬁedlegmlgﬂte 1q3|s conn& the rou&d Iph n of one of the
Solder Balls 12 by means of at least o718 T BNE 61 Me vidror Via 13any At Ieas one o ?“ﬁ'e Vidl of Via

14. IC Die 8 is connestedered/ditalitty LaMmtathchL@em&kiﬁmwambf surechdariing alepestiowenn Figure
6(a), by means of b“%C%BBEﬁEOBr%HﬁQcﬁﬁét%@“imBIQﬁ’l‘éﬂtﬁg&P%Fhﬁe{%cttﬁdﬁgsgcaﬁﬁ%@é‘mp

connection is preferred over wire bonding because it provides a shorter means of interconnection.

Passive Component 9MRAB&ther RaHd N2tePSol8BHIG iR ciRA Rictantizedambeddes. RsE Rat in
some designs, dependiigpnetite s.panélcr@t@ﬁ@cwra@ncblmebmgétatlnysaﬁ&@d@atﬁlgctgoam 3,

Passive Component Z)krpaé/ noMJe %ergl r?étm be réea]\}lzeqlp Egpﬂ?ﬁggeq%a%se €60 gfenrents in the
housing of Device Package usua 7 above avity

between Lamlnate 15 and Lamlnate 16 may be muttilapmprising a plurality of

laminates (not shown). As a means of protectiadi® Electronics 3, Cavity 9 of

Device Package 5 may be hermetically sealed wighirg@eMetal Cap 11 or may be

filled with a resin.

[0033] An exploded diagram of the cross-sectional viewRéf Transceiver 4 in
FIG. 6(a) is depicted in FIG. 6(b), the first emlmodnt of the present invention.
Device Package 5 comprises 4 high dielectric lgy&ts 22, 23 and 24, and when
stacked (and processed accordingly) forms the ceitgpdiousing of Device
Package 5 shown in FIG. 6(a) previously. In FI(®)6Layer 21 is the top layer of
Device Package 5 and Antenna 1 and Filter 2 arelsmeously realized on its
bottom surface. Antenna 1 may be a patch antesescribed previously herein
and is part of a metallic laminate on the bottomiesie of Layer 21. Connected to
Antenna 1 is Filter 2 that may be realized as tateip resonators as shown. The
left end of Filter 2 is connected to Via 13 in bdthyers 22 and 23 and is
connected to Radio Electronics 3 via metal tragkdvietallic Laminate 15 on the
bottom surface of Layer 23. Passive Component d l&h Die 8 of Radio
Electronics 3 are also interconnected by the sametalntracks on Metallic
Laminate 15 and may be connected to Solder Ballsyl@ne or more vias of Via
14 that goes through Layer 24. Metal Laminate d@he ground plane and is

connected to a ground pin of one of Solder Balbg2neans of Via 13 and Via 14
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between Metallic Laminate 15 and Metallic Laminate 16; the dielectric layer between Laminate 15 and
Laminate 16 may be multilayer comprising a plurality of laminates (not shown). Asa means of protecting
Radio Electronics 3, Cavity 9 of Device Package 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 embodimént 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 libasaytbfdehiteyPadRags 3-ayrivad4 irespecte@ppte\dously binfiled . véith)a Layer 21

is the top layer of Deyicg Rackagakand Aaiegnak ggg”ﬁﬁtﬁ,{e@a@@aﬁi.multaneously realized on its

bottom surface. Antenna 1 may be a paich 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 pgsonF#Qisag gl ovepictendetressl sidhbien 2isveonaessad embadliddntbsith Layers
22 and 23 and is conﬂ]eecteg tgnlﬁ%q/ig It:T(I)%ctrgmgs 3avia n@egll ttraal%nol\r/llﬁta%c Iaa}lr‘pigatemlet? ﬂ,’cl: the
bottom surface of Layer HPEISIVE 8om|'oonentn'? And 168 613Aai0 EFecgromcs Fars [0
interconnected by thelsannatmetalaaeiss oraidedtadion the ioateurGidenyicem P aekagarfectstieordsolder Balls

12 by one or more viak ol Viftel 4 thet 89%&*’5‘8@?&&%&%%@%@%%@ Rdps8raynddplane and

is connected to a ground pin of one of Solder Ball 12 by means of Via 13 and Via 14 10/18 11 that go

through Layer 23 and 34§82 2FeaipeStliRIeCHURD R nsHY B fiflcef WP FSH SefRifnetitiglysealed
with Sealing Metal Camayl bE)fid Ibaigstor (ap depigpiatthacsonateasbeaablie shotthe seunad 2rmbodiment

of the present inventign, ANBANR J RS e RAGE LHRIaNAeIPd A AR e i Comprising a
single via or a plurality of vias. Metallic Lamitea32 serves several purposes. It
serves as the ground plane for Antenna 1, serveshitdd Radio Electronics 3
comprising IC Die 8, serves as the base to whicDik8 is conductively adhered
to, and serves as interconnection points for BamsRB0 of IC Die 8. Bond Wires
31 connect Bond Pads 30 to Metallic Laminate 32aedconnected to Solder Ball
12 by means of Via 14. IC Die 8 resides within iBa®. Cavity 9 of Device
Package 5 may be hermetically sealed with SealieteMCap 11 or may be filled
with a resin as a means of protecting Radio Eleatso3. Passive components (not
shown) such as a decoupling capacitor may alsmbeected to Metallic Laminate
32 and shielded by guard structures. Such guauttgtes are well known to

persons skilled in the art.

[0035] An exploded diagram of the cross-sectional viewTR&nsceiver 4 in FIG.
7(a) is depicted in FIG. 7(b), the second embodirméthe present invention. FIG.
7(b) is a three dimensional view from the top viemd where IC Die 8 is shown
unconnected. FIG 7(c) is a three dimensional vwéwhe same from the bottom
view and with IC Die 8 bonded and adhered to miatalinate Layer 26, that is
Device Package 5 is turned upside down and viewedrdingly. FIG 7(b) will

now be described followed by FIG. 7(c).
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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 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 vial. Metallic Laminate 32 serves s&¥eral 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 adhdpgap]tdndriéh séthpsReyiegePeshagetio s pomised CBuabbetadda3e st K31.036.8. Bond

Wire;s 31 connlect Boaﬁf%§ %g&omllgé&gan@éﬁcﬁ?p%ggoc%eg ﬁfﬂ;lkﬁ§9{gefz§ﬁﬂo§@eby means
of Via 14. IC Die 8 resides within Cavity 9. Cavity 9 of Device Packacaga i maé be hermetically sealed with

Sealing Metal Cap 1145189 BEHfcREWRR Baeiaas ShAwANS & GBr AR adié¥SeétGiREes. Passive
components (not showhhsuehrasta pesedplingeanakiter shmeaise Bectannatirdda Metakitdramminate 32

and shielded by guard structures. Such quard structures_are well knqown 1o _persons skilled in the art.
(0038 An expiaded ARG A BEBE LR R R e AL B 5 MREIEE & P78 AR in Fic.
7(b), the second embadirtestrifethep(aesonlyimesatioans|®. pa(bois althetanliratan sioribé Viwiidnom the top

view and where IC Dig g4s-8Nawnydpsannesitbctd tb(Bhie e riln epRON HIgLE! dhgisgine from

the bottom view and with IC Die 8 bonded and adhered to metal laminate Layer 26, that is Device

Package 5 is turned upSitRAEh dRaANBREI At S RAGIPT He PERlfn R R L8 LKA §Y8RERed by
FIG. 7(c). 11/18 12 [0f¥3&dyerFiG. T, lor\dae BackageSicoomisgedyhidisdiclegyde tyarsl &L, 26, and
25, and when stacked (and QoreSRedALRIGIBAN OIS ANROMBSHEcK (refer to FIG. 7(c)) on

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

and is conductively adhered and bonded to the heelaiinate structures on the

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

are connected to Solder Ball 12 via Via 14 thatsgiheough Layer 25. Cavity 9 of

Device Package 5 may be hermetically sealed wighirg@eMetal Cap 11 or may be

filled with a resin as a means of protecting Rdglectronics 3.

[0037] FIG. 7(c) depicts how IC Die 8 may be connecteéitter 2 and to Solder
Balls 12. IC 8 is adhered to Metallic Laminate 8@ecifically to the large metal
ground plate Metallic Laminate 40 that is connedw=tal Track 41. Metal Track
41 is connected to Via 42 and finally to Solderl B8l that serves as the ground pin
of Device Package 5. Several of the bond pad€ddie 8 are connected to their
respective solder balls. For example, Bond Pad 3®nded to Metal Track 44 and
connected to Solder Ball 46 via Via 45. FiltersZbnnected to IC 8 by means of
Via 13 connected to Metal Track 47. IC Die 8 resiavithin Cavity 9. Cavity 9

may be filled with a resin or hermetically sealeithvbealing Metal Cap 11.
[0038] FIG. 8 depicts the top view of Layer 21 where Filkeand Antenna 1 are

located. The dimensions of one design examplaltd#r2 and Antenna 1 are also

shown (in millimeters).
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housing of the Device Package 5 shown in FIG. 7(a) previously. Layer 21 serves as a means 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 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. Filter 2 may be realized as two-patch
resonators and is part of the metallic laminate on the b8ttom surface 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 metal laminate track
(refer to FIG. 7(c)) on[@beobdtten P&yt aib) dopicPthe Gapie udreldiodhsstnomes® rididies i Cavity 9

and is conductively adi?ﬂ%@ﬁﬂ?@ﬂ%ﬁﬁz@htﬂﬁﬂé%%'ﬂ&#grﬁm&‘?/iéﬁé&"éér@%h%'t‘ igalaftgm seFEace 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 LayEP@Ra8I5\RE 91§52 At% PAIRHYE BRI RIaNeEISHWIE $8aling Metal
Cap 11 or may be fillgidiwita-porsireasradiagianspatierotecingdnadimEtectgyaicstd [@QdA] Ib¥s.ig'(C)

depicts how IC Die 8 may be connect Filter 2 and.to Solder Balls 12. IC 8 is ered to Metallic
Laminate 32, specificﬁl?/ﬁ%qi\{\éﬂja%eg (ﬁ%@e gv}lﬁ{ﬂ%cﬁ] pﬁa'[]es rte'z(fglhgsfgrlﬁltﬁea ewzltg t%é%) ?spe cd(;ﬁrﬁ%'ctl% Metal
Track 41. Metal TrackF43. i&(eprihecrstiatiowinadrana firefypauspidtedBalta tied $oeveshmtie ground

pin of Device Packagf 3\l @biea hrad ?ﬁ@e?él&sq BIRSRRNECIRE TR EIRIbN GRReERYE 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 t6€"8hPRtbANEENY/i4 PEcGHRELREG W NetaRFRERS qesHRk 87 rESHUES within
Cavity 9. Cavity 9 maydekdiled vithRTrgiBcRIeUetically 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). 12/18
[0040] It should be clear that a person skilled in the aamh easily apply the

invention in a number of ways. For example, Fiieand Antenna 1 need not be on
the same layer in Housing 5 of RF Transceiver 4. other words, Filter 2 and
Antenna 1 may be on separate layers but realizéteilousing of Device Package

5 of RF Transceiver 4.

[0041] It should be clear that a person skilled in thecart design Filter 2 in the
housing of Device Package 5 of RF Transceiver & mumber of ways other than

the two-patch resonator design shown above herein.

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

the patch antenna shown above herein.

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

dielectric materials other than LTTC.

[0044] It should be clear that a person skilled in thecam realize Filter 2 and
Antenna 1 in the housing of Device Package 5 thaavity-down as opposed to

cavity-up shown described herein.
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13 [0039] FIG. 9(a) and 9(b) depict 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 bald line and in the H-plane with dotted line. These
plots depict the efficacy of the invention wherein Filter 2 and Antenna 1 are simultaneously 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 theolByARARG" ALWMREY OMAYSHER! CHRBRInENIST 2,70 ARIRIRR Jypeed 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 reai¥HRRIMEhSRNGL BdFite %HRQ@@t%OSfW“TYﬁﬂ%Bi%F‘% iotie i should be
clear that a person skitieddrethpoaiheansasiandtiliernidu dhen fssiainficabifieyiem Paakage byodmF
Transceiver 4 in & nulger pfways el han, dhe two-palch e spnatpr dasian shoyn, abovs grein
[0042] It should be clear that a person s ed GRRAE A%t Can esig?ﬁ RhEhns Lin The ousing o Device
Package 5 of RF Trarsidbrérenticnrasdeéined wahe etangethcldepatch 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 5 that is cavity-down as opposed to cavity-up shown described herein.
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13/18 14 [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. 14/18 15 Claims 1. A
device package comprising at least one integrated cirthit 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 fd@ikage, 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 seppge MBS ik AP EFHHANINS: RALRsROhaaIbHaYICaD ARG dhervifleviarinackage set

forth in Claim 1, wherein said second metallic laminate is on the surface of one of the internals walls of
said device packad®®%. RYBVIEA MGG Set forth in Claim 1, wherein said device package embodies at
least one radio frespidnigyvitansokvgs.chnfpdesscat frreckage sedtidlithate$laim 1, wherein housing of said

device package is baged AR LK ﬁﬁé‘?%@é‘é@gﬁ%ﬁﬁﬂ&%&%ﬁ%@ A} mofdifg iR RRcEadEeSet forth

in Claim 1, wherein said device package Is a Array.
package,

said at least one antenna is also realized byfsatdmetallic laminate in housing of
said device package, and
said at least one integrated circuit die is coratetd second metallic laminate on one

surface of said device package.

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

surface of one of the internals walls of said deyackage.

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

one radio frequency transceiver.

4. A device package set forth in Claim 1, wherein lnog®f said device package is based

on Low Temperature Co-fired Ceramic material.

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

Array.

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

metallic laminate in housing of said device package

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

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

8. A device package set forth in Claim 7, wherein saitbast one other metallic laminate

is grounded.
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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 7, wherein said at least one other metallic laminate is grounded. 15/18
16 9. A device package set forth in Claim 1, wherein B6plurality of metallic laminates is placed between
said first metallic laminate and said second metallic laminate. 10. A device package set forth in Claim 9,
wherein said pl@rakitydevipetadnkbgnisatdonidh isédainrdalivbeseaih@igby phsstlellprapiriaisil. A

device package sepiqrihy iefalaih SaitRRiEAIRASHANS O Lo dRiUriRhmatatifalaminates 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 tewcgeprekpgeagepasiograiieainng wiegeategiaiaint dienatdtasamneafitersand at
least one antenna Wré%{?in: said device gea(fka e comprises a& least four metallic laminates, said at least

one filter is realize(Lﬁ:)y firstmetalfic’ aenqlna A “cl)%smra% 'SAIG device package, said at least one

antenna is also realized by said second metallic laminate in housing of said device package, said at least

one integrated gi{CHiLRRRKAGS IS GEVARFLRH 1A @EW_WHQM%@%%%?U%%%/Qfﬁﬁgaﬂﬁ?é_’ice
package, and saldIgaqlﬁ]%%gir;eg%u%&etalhc laminate is placed between said third metallic laminate

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

second metallic laminate.

13. A device package comprising at least one integreitedit die, at least one filter and at
least one antenna wherein:
said device package comprises at least four metatiinates,
said at least one filter is realized by first mitalaminate in housing of said device
package,
said at least one antenna is also realized byssaidnd metallic laminate in housing of
said device package,
said at least one integrated circuit package isiected to third metallic laminate on
one surface of said device package, and
said at least one other metallic laminate is pldmetveen said third metallic laminate
and said second metallic laminate, or placed betveegd third metallic laminate and

said first metallic laminate.

14. A device package set forth in Claim 13, whereird si@vice package is based on Low

Temperature Co-fired Ceramic material.

15.A device package set forth in Claim 13, whereirdsaii least one of said metallic

laminates is grounded.
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and said second metallic laminate, or placed between said third metallic laminate and said first metallic
laminate. 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 of said metallic laminates is grounded. 16/18 17 16. A device package set forth in Claim 13, wherein
at least one of said metallic laminates or a plurality ofi7etallic laminates is used to realize embedded
passive components. 17. A device package set forth in Claim 13, wherein said device package includes
at least one patSivedsyinparrekagereaidioriaia Gtdeaditomdpreitiost e pbseist isetalielaninats least one

of said metallic 'a”HF'Qtﬁﬁrréiﬁy%f?ﬁ&ﬁ%’%‘?ﬁ%?eg‘?méﬂﬂel%@ﬁﬁe%%é??%&’i%ec%ﬁ%r?éd{%@ﬁ 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 alsorealizraiby paikéigst seetallin larvnpaie i, hohsisigiatesiaisl pokagorThagss anksaid at
least one substrateorl?gseaiss ig/gncnoecteorl] t(r)1 ts%oer}gimet? Iigtl?ergisr;[late onone s(l)méan(ielsofo?gé(rj (aet\(/)i%%
package. 19. A device Bac?(age PR in almnlg"f1 WRerem saig Stbstiate base |ﬁctegra?ed Circuit
package has at ledsashengefgaitbtheiedidt dieinairaected to thereof. 20. A device package set forth in
Claim 18, wherein said device package is based on Low Temperature Co-fired Ceramic material. 21. A

device package set forth in Claim 18, wherein said at least one other metallic _
18. A device package comprising at least one subshage, at least one filter and at least

one antenna wherein:

said device package comprises at least two melattimates,

said at least one filter is realized by first mitdlaminate in housing of said device
package,

said at least one antenna is also realized byfsatdmetallic laminate in housing of
said device package, and

said at least one substrate base is connecteddadenetallic laminate on one surface

of said device package.

19. A device package set forth in Claim 18, whereirl saibstrate base integrated circuit

package has at least one integrated circuit dieexted to thereof.

20. A device package set forth in Claim 18, whereim shvice package is based on Low

Temperature Co-fired Ceramic material.
21.A device package set forth in Claim 18, whereindsai least one other metallic
laminate is placed between said first metallic lzete and said second metallic

laminate.

22.A device package set forth in Claim 21, whereindsai least one other metallic

laminate is grounded.

17/18



laminate is placed between said first metallic laminate and said second metallic laminate. 22. A device
package set forth in Claim 21, wherein said at least one other metallic laminate is grounded. 17/18 18
23. A device package set forth in Claim 18, wherein a plurality of metallic laminates is placed between
said first metallic laminate and said second metallic laminate. 24. A device package set forth in Claim 23,
wherein said plurality of metallic laminates is used tol@alize embedded passive components. 25. A
device package set forth in Claim 23, wherein at least one of said plurality of metallic laminates is
grounded. 26. R3dvidevireckagkagst feithonhCraitia®, hthendbierenldrdattyicyd parikiigelantharies & least one

passive component; Wwhgisi Ralf &kile Ak R ARSIV IHARRRIBEShSARAR 1amfigiesecond metallic
laminate. 18/18

24. A device package set forth in Claim 23, whereird gdurality of metallic laminates is

used to realize embedded passive components.

25.A device package set forth in Claim 23, whereinleatst one of said plurality of

metallic laminates is grounded.
26.A device package set forth in Claim 18, whereirl sd8vice package includes at least

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

second metallic laminate.
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