SI LSESQUI OXANE RESI NS CROSS- REFERENCE TO RELATED
APPLI CATI ONS [ 0001] None BACKGROUND OFTHE | NVENTI ON

WO O®92951¥9 t h t he continui ng demand for snal | er PEBHS2008088516
sizes in the sem conductor industry, 193 nm opti cal
l'i thography has energed very recently as the
technol ogy to produce devices with sub- 100 nm
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reduce the reflection on the substrate and danpen the
photoresi st swing cure by absorbing Iight that has

MM&BEM hrough the photoresist. Commercially
| abeI tairr}{/énrtle ];1| ee%terla 1%? 9 n rrfmum tl%gsn Sélrsltntrglf nd, more
rgshi ¢ and™ orga ey al'ty o AR

partlbtﬂ@tflyl&@ rddlid\Requenby QMF)amgtutéd @aai (m)qﬁck@s:s st ant is
CVD based and is subject to the entire integration

di sadvant age of extreme topography. The organic ARC

!@Bﬁﬂ@k&e%@;ﬁt@tﬂ{ i ed by spin-on process and have
pl anari zation properties, but
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.photoresist. As a r a material that offers the,
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ION [0003] This invention pertains to

systegis, susbagg midan@emwgvm@dwsedl&nretc Nomponem@‘ dre crsmallev assembled with

at i ngs erein the silses U|oxan si.n _has
low PSR VR Thfke) SRl i D BB £ BB el and bulky
waveluiep; arfld | §cl&@b-@@de€ Corf boarddewel| hitr6sdip adtiiciiflesO k@ diRteEconnect
functi ona r oup; i s hydrogen atom or a hydrocarbon
semlg(mugtorﬁaandﬁgelr F Qsmrzd fransmigtar- 196 secgtvsrantemnas. Wgthsierend peqpress
r I
in seﬁl{lé’@dﬁéﬁpg Eecgfl&gg)z’g g&%ﬁ%};&g n%{r%&rﬂi% tﬁ‘gﬁuﬁaﬁ}’o%‘s*l}f tﬁ{b@ radio
commfmleatﬂ)h st@teﬂLs héye Bed@&ﬁ: stnallat. Fer applizafidnstsuclk) aOWireleshasiversal
value of 0.01 to 97; .p..has_a value of 0.01 to
serlagb %3 nihe operating éhs(gqncg ig Jémge@g) abon amq;ern and g smg}; antenna
with qlbgyut YBBY af BG%’HE %ﬁllgﬁoﬁag tljgesﬁa:eésg f % il FCYredlsta ces as
coatings, the coatings can be stri e renova
long s d@emeters @dch tf ovireldsheviuog o€ mmgeo(swhray;dadzgh ningiodmt-to-point
roup in the silsesqui oxa resin i s essentjal. for the,
DD SR AR €315 G B B> SEREnBinggming GPedisation Gampratired.
HowéV¥e, ARhegdiflahfRAR4 fo-Fh\k/frelbﬁVﬁGE(B APpIlafiBnP GEFAVES ALr beam
antireflective coating (A ﬁ%ﬂconposmlon conpri sing
w1dtl(s, )Y SJOIlrgmsquhﬁ cwtenga e geny divduligfor rensusmers| Bhasbleres aPradiation
met hyl gr Ris selected
patte? g BOIE e LR Benrirl FePa T e épsal Bt et it T ety
used ii® milyefyOgess HOWe @, Fackydh © RATIAGR viOMeghavd Btednds @r phased
carbon atons; R is sel ected from ester gr oups,
arrayp ds %ﬁrwly gii%p}& angd T GKPRISHE | Bis o ghe gEPYsHigRPmpenpris and
or 2; mhas a value of 0.01 to 0.97; n
@dmﬁ“%q£ IﬁLg%gf 0.01 to O. 97; o has a value of 0.01 to
0.97; p has a value of 0.01 to 0.97; q has a val ue of
0to0.96;, and m+n +o0o+p+qg™*1; and (ii) a
Sum he B This invention al so pertains to a
: g : ¢
oS of Behiend nARHol IO LUmFaR foRBlniing RF IC
packades stithantegratkelvdpesgudrcodpied parpasiennasn conpri sing (i)
si | sesqui oxane resin having the fornmula where Ph is a
phenyl group; Me is a nethyl group; Ris selected from
a sul furcontai ning organic functional group; R is
hydrogen atom or a hydrocarbon group having 1 to



2 4 carbon atons; R is selected fromester groups,

pol yet her groups, and pol yet hyl ene oxi de groups; x has
wa@2mahiea4eof 0, 1 or 2; mhas a value of 0.0 1 PCI/0SBUS/088516

n has a value of 0.0 1 to 0.97; o has a value of 0.01

to 0.97; p has a value of 0.01 to 0.97; q has a val ue

of 0to 0.96; and m+ n +o0 +p +ql ; and (ii) a

solrv ntxendplary( EMbddiieit, Bgotdig $® b€ Bipednef GidlihMgitibhea radio-

sil sesqui oxane resin to forman antireflective coating

frequggcy Héeerw@étcar@mt Chipepackage it At least @esematah QreTtpge-coupled
pc] L AT IR LTRld Brca
planéﬁrogmuﬂlthphﬂe asp&iedi iswardiyh énoyd thgr glmpl;allwa)lar&r patvhtdnyl substantially

roup; R is selected froma ulfurc a|n| ani ¢
paralfe] fhErelgh e A56HAA Bang &5 FRRIEB QIR 2t AR CHPIPE CRPER Slo
thered. OUMe REH 1§ guﬁste{r@laﬂ%l %pﬁ@sreﬁ Qb tRd PAYER. B\lk& 1r§:ﬁlcf%€ta@éj af fe%f‘ one
ester groups, groups, and pol yet hyl ene ox
feed @ng spased m\mélysfrma nhfgrolﬂmbplalle ord sebstantiedly paralis] theretd, at least
one rad}o frecgu,rer%ygg)l&p rsl,%acga Sy:x]warg Y tom éhe/geleé éltng 99%97@1%%8&35 %eed line
and Ghe @&ﬁlrﬂ pladeléndA4 fi Qstkﬁb@raﬂﬁlayéirs@aéﬂd*mﬂarﬂlyofrtbmpthé‘ f&dirle. The
ypically mhas a value of 0.02 to

first avbSér@WakaV%quoen%wta gchig-recpjing ayify. nTh@§h@ isdpepsecdin the
0, alternatively 0.10 to 0.30. Typically o
Chlpqeé%%{lé; &% of 0.05 to 0.90, alternatively 0.25 to
0. @oe of ypire ahibxbdmldmsmﬁth‘eahvmltloﬁ ate Bdtable for 20tomatic processes

al.terpativ 05 to Typi c IIy, has a val ue of
and rgdycg tae Qeng%{y A ePARONIALE p,re@lova‘y dnvolyed \ylg‘om%aglﬁg fRgnnas.
r ePhdle Bmﬁsotﬁelsbﬁjfeéﬁ fRORtA dﬂdn&ivfah‘l'agéé SN e SLQLP 1m%nﬂ§1¥ will
be exenplified by, mercaptoal kyl groups haV|ng
becog@nmpatent dromu |the rﬂﬂ@wﬁzg Ziet'cmhé rdeseiftms ef Uhisrativef embtbchments
| fid i do. ounds havi t he
therelfrauid 1518 B Fag S el ok MRS Ram e Syl

SSS(CH2) Z- where R- is a H atom an Cl1-C4 al kyl group

such as nethyl, ethyl or propyl or a aryl group such
Bl!iéljﬂmﬂﬂﬁE__EgﬁiﬂLjﬂEEEurther exenplified by
t I hyl . .
TEEREN" SRR cxalTELLEFRY B s oA RELLC APLOTPIONL, according

u)mmMﬁamoﬁﬂthwgnomp haV|ng 1 to 4 carbon atoms. R nmay
be_exemplified net hy eth ropyl, iso-propyl
antGut yhowsan G@@@pla}? P@bgen@et 8 amtg?ﬁ package, gp giipss, Section,
acco 3%nggﬁwg%%ga§ﬁﬂ%ﬂgvggk%ethyIene oxi de groups. Ester
gr oups may any organic substituent containing at
I eEIﬁ 3athews shexerhplacy emmbadimeyt ofBet yadtharpagkauepm avss wotion,
ani ¢ substit uent aV|ngg&¥drocarbon units linked

accorthifbelg g5t PRNREASRECHR] the dBiEBU¥ht ed, but not linited, by
t hﬁd 04 i Bgttcﬁhwiig&/%ie an éx%la)r?[p% mclg?\reﬂectorl_lor an
wherein a = 2 to 12; 6;
emb@mwywﬂedpnother organlc groups Polyethylene oxi de

V|n | east one e ni t

o P iStBoff RSy 8P Peniflary RRtiped B e blerBlird nd
5CFI(E>6&§T§> begorafvies besn &e y pﬁaesxu;bhab&r Atdy @hsddiment.
-(CH2) 2-O-C(O Me and - ( )2 C(O-0Owe. Exanples of
pol yet her groups useful herein are -(CH2) 3-( OCH2CH2
) 7-Ove, -(CH2)3-(OCH2CH2 )7-CH and - (CH2
) 3- (OCH2CH2) 7- CAc. Exanpl es of pol yet hyl ene oxi des
useful herein are-(CH 2)3-(0OCH2CH2)t - Owvke, -(CH
2) 3- (OCH2CH2) , - OC(O) Mg, and - (CH 2)3-(OCH2CH2 )t - CH.
[0010] The typical nethod for producing the
si | sesqui oxane resin involves the hydrol ysis and
condensation of the appropfiate silanes. By this
method it is possible that residual -OH and/or -OR
Wil remain in the silsesqui oxane resin as a result of
i nconpl ete hydrol ysis or condensation. |If the total
amount of units in the sil sesqui oxane resin containing

OR groups, exceed 40 nnle@bthen geIIatlon and
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si | sesqui oxane resin contains |less 5 nole%or units

containing -OR groups, alternatively less than 1
worei0ea0s51#0011] The sil sesqui oxane resi n has a M&EI/R1008/088516

aver age nol ecul ar weight (Mv) in the range of 500 to

50,000 alternatively in the range of 2500 to 25, 000,

alternatively in the range of 4,000 to 20,0000 as
DetdRUD It ABHoR YT BRiferied Miabddimefit’ OMat ogr aphy enpl oyi ng

Rl detection and polystyrene standards. [0012] The

si Oge 9§ mak aﬁ@Od@sqnﬁﬁsofrésf ipgEnenHgvEle 4 anparaiedandipeiipd for
oo iy AR BEL i AR By 1 R 2681 SRS, B Wit
wavelSmngWhve) rargdiotis easmplaty froehtivd paddage wedl amégridod antennas is

baseg ogsférzlg g;;}ygb]?r%%léi crzlé(feutltat?oar%ﬁ’%)n gﬁ? Q%q?sqgg %:cpfgams multiple cavities

for 1ﬁiplle?§e?1‘ﬁﬂg XA BerfSRlaASe MRYNMIE) R QHLARH al¥yst 4Rl housing mmWave
drolysr's and condensati ons of al koxysi'lanes. [0013]

radldl'freqlEIan Riguintegeatel ¢138mtrchm§ Oppioc morq/elpb@tﬁmets dif thet ingention
of a solvent. Any ani. ¢
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also Breviee fehign .o ot Sevci ol o8 iR APHIRE el gayigies and o

avoid U Reedhtb ChpIBY widbond itdskh6lolz at Fftn Wyl @ﬂeb{&érﬁm@ NEMmbediments
condensation reaction may be used in producing the

of thy |imweative daskasing deqhnolpgk agm qpapistent wjtn dieal urayfgcturing

o BTEYEbe el 2 AL PSR A3 B iy

al istanaés velthie ﬁﬂvdrﬂoﬁOth\AEl;@h\hd@dbweaKsi p'EbEag’lﬁ@Qtlﬂtloﬁntegrated
may be carrjed out as a dual] phase or single-p

ante@%toélpilarflgglpp]e \BErays;|in @p@lgmaé iy pgrlf@gmwt}bgltegrated antennas
or Pﬁffﬁﬁgéefd'a Psufor Hﬂﬁwla{lé"}‘rg(ﬁ.ﬁ:nhgs arnPiithal ed

tics as n-pentane, hexane, n-heptane, and

i sbgpitarnhip pguklagml with attegrsted antenss hayfe Itlnrpe niagorepaatarl(i) an RF
| ohexane; aromatics h as. benzene, | uene,
chipe 165 OmBIOFS g ERGS, Bh s Ahekogs Bt Gt stances, a
packg%@)‘lﬁf‘ Qr &5y, %Feargle}ﬂ@éﬂsulghtett@ eptbtedt RBE  pa é%é hemthe or more
ycol dimethyl ether; ketones such as nethyli sobutyl
embkd;tmm@ of By emtiah mwlldg laepagkrgadhatiab b@m&ﬁb&amtqm@@nas an

ch.as _tgi-chlor oet hane ed apomati cs
imerfigf NS ToEt i o) B R b PG ae S SRR ER I LR TR o o
pnn@a@ﬁmhﬁmgﬂgfy@@h nmononet hyl et her acetate ( PGVEA) ,
i sobut i sobutyrate and propyl propronate Usef ul
si FIQ:olxéhw a/éﬁw&smyn%én@& ofpn iekeraplapy pagkagge AR, according to
an a%#g??a fet?ﬁtn?ve%ﬁ o o O?éashlgf( gé)g:gﬁré ?Mg'% dl?%mltted for clarity. The package

has demrr&btbyl layerl; oprolndisg | subsmate AlcSim@lhdmgolla»}em me IbmWave
used or a n1xt§He of salvents nmay be uysed. Qg
applicatipns; gspacipllyr auEeaueReies jabews §0i Gikkn dounding il aBé/m layer
tthl&l@gSnﬁg &UB ?Emﬁ&%ed aEﬁ%& ﬁﬁeés‘.)ngh@éx {He Qg&ﬁ?g}oﬁerem, a
ause signifircant gel l'ation of cause curing of t
pers&n havéreendoregnskil ¢ els ihe. anTeppa ead pyckinpiag raeastilldmowshow to take the

arr.ied out at enper in ther of 5 Cto.
thickigy nl® agcpn G Ty oot UGG Siop GRLefabAseen fihgues t
maké ShBdiRenS ol ARSIHVRHANThE adiagt $00ISRE RLEA hurHB&rbenetal layers.

unmber of factors such as the tenperature, the type
In p@mdllawmlumc ipan giutamestr abstratatld?. alnumda\@elammward dferefrom is a

metef PR ER0pLInCRARTRR 1D GG pan b Chn LG ol B fiptac

102 rddpaddht ardérnla 1198 (BRly&: difgle @Ahhy/ 1sdl%bﬁfd&i' 1ﬁ6FIGh¢ butRore can be
necessary to conplete the reaction. Catalysts t hat may

be used to facilitate the reaction include, but are
not limted to, nitric acid, sulfuric acid,
hydrochloric acid, and oth&rs. [0017] Foll ow ng

conpl etion of the reaction the catal yst may be
optionally renpved. Methods for renoving the catalyst
are well know in the art and woul d incl ude
neutralization, stripping or water washing or
conblnatlons thereof. The catalyst may negatlvely
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i nclude, for exanple, distillation. [0019] Foll ow ng

the reaction to produce the silsesqui oxane resin a
woovbaesiaéd opti onal steps may be carried out tRCDOS2081088516

the silsesqui oxane resin in the desired form For

exanpl e, the silsesqui oxane resin may be recovered in

solid formby renoving the solvent. The nethod of

proviiel U8 Bsclis8EP¥abw) sretPbouatl ifflind@er 206, AMSIRE SustraR R4S 08, and
are wel | known in the art (e.g. distillation under

anothfébpu%dwﬂh@#awaé% rinotlproaetehlayey; invvasd;of v dilmek(onis used for
v I
the %,rgl‘fn  Rlang Ved;ofath% agcﬂsagll?%ng%rﬁgﬁgt ﬁer Sﬁﬁ%%&?no?@taﬁeo A dsgd for
the apaitlirbsmlﬂ the apareure-8biitedpdtely srtynnab fThe gofiddeplend 1 Bodlvesdparates
er than the sol vent used i e reaction, isdesired
the rfi@amtaq%lemieﬁfa|(pﬁr~‘%f‘&m&95 frgns?h vfg?f{ n@@&%%mg@e Ay clyagéoc{i%cussed
belowy adding a secondary solvent and renoving the first
sol vent through distillation, for exanple.
Adelnbuhemalblsgratetlﬂé is @svard dome gm:undtpllame i19. séhatbert metahlayer is

v R0 SRS arre g BRI PSR RHE oeVBRD il Pacs

116, Al1801 B FéraR P ThipP céihe@ibs r(?felf&ﬁféllyVaeﬂﬁﬁéﬂlpm “b&olled collapse
conposi ti on conpri si ng | sesqui oxane resin having

chip corneren tepevifecoangationy aad pﬁ@rﬁgmnegtim(p) 12Ve(ap gppropeath)/o one
or mgre v1§’s Sll.}lz]éal é&ﬁ%t %‘3 ﬁutt}?%?bguﬁéjk' m %/%Pﬁ% M gf %%%@al layer
g oup en Oﬁ]Of a rocarpbon

formfgofeled Ninei Nig, Jantlca Rurthee aﬁltmateal zmmWaRi iof tﬁﬁh&cﬂlmdlifi omstill
ester %roups pol yet her groups, and pol yet hyl ene oxi de
furthgy mﬁr&é axer fpsavides,all the pyds dor sigeal, sontiplawve spRPlye ap¢ ground

conngctﬁﬂ't %ﬂr &ét]!aep P@?sgﬁe }ﬁ%lt P@gB f\%a(?%étgg fﬁQ)gct) gif ﬁ%ﬁg%%laclarlty)

Padsqnénamchde gramdgfadd 3()0nl@rc@ﬁnec&‘mjw1th graund pbane 1d O+thmugh ground

via 1 cro0Rslt aspae 50T BF @A HeutFry 54 oG OR SO Bsicrad 132

connBEOPYH GRErcBh¥&Bbn MRROMRL Mllpa@tlhylb'&aﬁﬁt PUe FRE vias may be, for
cycl ohexanone, anmong ot hers RC conposi tion

examplpipdaied slu@@*phql@esPéckm peolo UB4 100 alew bbprovided. Dapedding on

t he tot ght
the pRRsBEneR Breien PEPRERT el o Slsp i Gensgd g e same
metaPRGeCaROBAds 180, T3 18PMAOSE istdnces a§ adbwatd bdlbivi @k @éflector

or other additives. Suitable free radical initiators
144 js gaibgédedper oxi des and photoinitiators such as benzoyl

D6r x| . | ; ohi.si
T‘%ﬁ'yﬁ%ﬁgﬁ% ﬁqég%ﬁ?&% 9 crg%h)’/ ﬂfehgeﬂlf rlgg Q)%%fa%g’ I1£§ l\?)lurahty of
solddrrdbtsicah@&’cté&dlﬁl:rcﬂy&ntheichlpma)nﬁmmpadxf 116y 118, 12000 ppm
alter tively 10 to 500 sed aon the total wei ght
of ce 'fme tsnprich @ntsana Bn%gémdﬂbrpaéﬁ@ﬁtm%sbenw suspended or
suppbﬁ {51 Iﬁglterlllll Wh eaddlélgctrlg Qeﬁﬁarﬁcc'l(%eatﬁ bne a frequency
erna “ac generators, photo-base an erna Pase
appligaivass alowever] S0ABIW Aleefraqubncied, Ies;mmal/lg foopadkage appllcatlons air

[of0) ions are formed b ether t he
susp I Qe TSt RRE L HHES St QL st T e GRE T Porgmpydients
of thE AlleRbn, iaRidld @atvﬁ 180 <8 Be 'im?l@ﬂiehﬂe& &n tﬁ@y;f%icﬁééelsy Ttohe?vmd issues

free radlca |n| iator or other additive is ad
fromthobgasenitlining the ﬁ"ﬁ&mtamdnct}lusg processr venpholeés) 2 carobe employed

event nmat ur.e u 24). Th efl ecti
Thes BEEF Hin B ARt Ruf el st Arccivsd L b6 baffed Hprmance
For dx@mpleQUbee] 2 EMBeClbcstbd pkirathe midile oFTahy ealityl 550 &MEl¥&dto the
and t he si | sesqui oxane resin is cured to produce the
antireflective coating on the el ectronic device.
[0025] Typically the electronic device is a
sem conduct or devi ce, suchdas silicon-based devices
and gal I i um ar seni de-based devices intended for use in
t he manuf acture of a sem conductor conponent.
Typically, the device conprises at |east one
sem conductive |ayer and a plurality of other |ayers
conpr|3|ng varlous conductlve sen1conduct|ve or
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and others. The preferred nethod for application is
spin coating. Typically, coating involves spinning the
we@b@etieamé c devi ce, at about 2000 RPM and addpeiyusives/088516
ARC conposition to the surface of the spinning
el ectronic device. [0027] The solvent is renoved and
the sil sesqui oxane resin is cured to formthe
edgeaﬂit theetdvitgt 1505 andatdnnfe Madehe]ivelst srodll, Cecoheisiene w1th adequate
ring generally conpri ses healing the coating
vent@af flihgjvent halesngs@rbe iy the £y (oateglaf>$t.p@rté>rﬂ thalfla&w 6?10 %shown in
I C t
FIG. £B ol et PP Lo AREHESL BURS, R el O the manufacturing
processlus@b qui oxane reS| n is essentially insoluble in the

sol vent fromvvh may. t ak .
o1 S Braunt o) 9y apetier A5 e b Grberi R roueh vias
dﬂ&'l@ &ld al ldonef]fEh(ﬁonﬁ@('Sl c@nﬂectn@nﬁ@lréﬂgﬂbul@ssand antipads (e.g.,
alternatlv 0 Cto 275 C for of 0.5 to m nut es,
via 12#tveitihantipad| 1%2@@5@&\@ Ois'slowa:w@ran@lpgd th@t zom}d hetused foxrpjgnal,
pondIt 0L A RALEBRTTY CRoBES, B4 YOS Bk, 20 g Recturing
standpoteehd Fesalt i dhéréased b611efbﬂlit51a@§ it isaiffRalt tonchites r@lﬁablhty in
al l.owed to stand on hot plates. Alternativel

partiglnyips i &f, |vaastSugh ag g 1 Hgthatde pet etsndrome! yl}?{mugb adtggture)
r n the presence of photoactive additives,
Wlthé‘&éﬁgggédéﬁg(tﬂo aci d generator (PAG or photobase
geAearoptoicBip-feOG 2B chvitpootaket tdleissehlied quitlex substratesli28 and

e e e N

pacng‘étﬁaﬁ{dgﬁCﬂh}'aL@Hff)rboﬁ& nert at nosphere. Inert atnospheres
eful "hereininclu but are not limted to nitrogen

anHowr@@hall Bye mrmeve chmpprentseantennim tpowise agplifiersn &mnmoise

om0 3T D200 R, BRI AP G LA 5 By v

DC dreim\hqbw&tﬁaﬁleg@egg@lgl ed out is not critical.The
curing step 1s typically carried out at atnospheric

pr € paekagp t KU giey sadyastagenyslyr bataftaeisdetol thepmethenrhogrd (not
ce cured, the electronic
sho@%’hr&‘@é %lﬁg iq LII%)}z‘fgec}‘é\?ti -refl ective coating can be
usEI(d} |2nshbwrs tah emb&dtmdm atitstapriakte sisiilag tcsérﬁlmhmsmclmoaﬁcept that

ot ol i t hography. Wen used jn photolithograph
reﬂe?tetc,ﬂé‘t i eRegBsylaied by ecpdditinat pratndrlayer; ) Boeid gt reflector 144
and il & S Qﬂf'eol%siﬁwgl‘aroff HOLAd F%g'e; D907 i 1feH‘B9ﬁve recelved
conpri ses resi st conposit
the same tefprenée thmbaand mﬂfnloebet deserlbaniaagang CI(lp)eaemiggmd:et 160 is

xposing,the resist,filmto diation to produce an
also GBEg e A7g apd bound ey R g gy Bt 2t m o
Pr Ol 3eshahs hiRABodibi&it @ﬁﬁs{ahﬁ@lw ﬁﬁﬁl‘a}/ ® &ﬂl%dnﬂgﬁt 200 etxl?@pt that
el ectronic device are particularly useful with resi st
vent ghparsi sidayrays thravghatayer WG enies o eonpesdty i Y). ubimitariitsmsthave
.ragdi ati on ving a wavel e of , 157 nm t.o 365 nm
receiEhE MRP vl Ph O At YR AP, R qeicthed Bebif o
waple]. engirbsedts 4580ttt OFied 93000 Wheked) G N 62 MRJ endapsulxee Nwith
produced in the resist film then a pattern is etched
encapsylanh 405 ntThe ekip|can e partiadlytor ﬁgmphfﬂimn@péﬁﬁﬁé for example, for

purpdlBd Q' I@él&ﬂ\%)ﬂ%ﬂ?ﬁdlgﬁ ‘2} gﬂg&gp"é’f%ﬁt'&e R 4y hod %flalsye ‘5{)&%’ Bond, for

coatl ng renovi the re

exampie] to eamachmey, apit cdrﬁihbt&ﬂ{, i oregroomd Ipa@s ”ach e padpl3vy echile a
to produce a device having the desired architecture.
[ 0030] The ARC coating conpositions can be cured at
| ower tenperatures and they produce coatings that can
be renoved by stripping sobutions. It has been found
that the antirefleetive coatings produced herein have
better solvent (e.g. PGVEA) and TMAH resi st ance.
[0031] The followi ng exanples are included to
denonstrate enbodi nents of the invention. It should be
appreC|ated by those of Skl|| |n the art that the

M o



EXAMPLES [ 0032] The follow ng exanples are included to
denonstrate preferred enbodi nents of the invention. It
W@ bewaliebie appreci ated by those of skill in theCHIS$2008/088516
that the techni ques disclosed in the exanpl es which
foll ow represent techni ques di scovered by the inventor
to function wellin the practice of the invention, and
plurdlhyl sf maer fads 406 siagebadspod cfon stdniplé,ao pigahle correbl ard@dsver pads
its practice. However, those of skjll in the a

suchs%&mddmr nlny F1ghed, dhere freng reflesior ogithe redlegios is %h?@@ﬁatFéG 5

o TP SHERPRPEO NPT AR ARGy 1, i
FIG. 1. kKSmdlar gems ha\re rees wid thesarhe teferdeqarnimbeg ahd sabl hotebe described

.spirit and scope of the invention. Al percentages are
agaifly w9 Exanpl es 1-12 [0033] The amounts of

r epps. @§%M%¢xbﬁﬁ&k}v§£&kh& JEPWAR alzlelblzmax bhdsed @fray layout. It

PGVEA, phenyltrichlorosiiane (Silane
is possibleHp bammbmbar( Sid @mennz; on gaghhipmt ffhtﬁrha@pagﬂ |lazrag can be used
to foz'rg nlnél?ﬁarg}:f rﬁears %n Sc‘fda 10 {Teftlrrs]oxrxg et n %Cilrl Oﬁ it r(sg%elecri] fine 114,

mer cap opropy e oxyS|Ian

also SihcM@é® eldedodd) thifdeasd ofoutth d@fiteritiat HAGRES 662S®Oklt 1608 with
of PQVEA and of water was added to the solutio

corrgspprdip seand) e apdh dpurih Gesdnlingst @08 00412 Theach feed tine is
conne&id ttboahﬁﬁlféza% ‘H@?&lbte ?o%% §At1 BE%H‘ ot nﬁ}?&eﬁ, oJf illustrative

anot her e resu ting reac produ
conveniew&l; ahé¢ dedty linac ataakbowm&héﬂhgamdtlmepmcliﬁs eidl. FEG. hé,n ¢1I w111 be
é en added to the resipn solution and ghe sol| uti.on
appr%%te { t omf% O¥pAPo et ‘I’I’y"lﬂ’eq\f’@/&‘@o?rd ?{tor’i%i’ Vigs, and
are %Q@é& podade tc@rrEJb%n&ﬂF LHa{c‘Bnarﬁng)ubhfgg Qﬁéﬁ@mv&}é}ie\ﬁew@@ in cross-
| ected. Additiona GVEA was added and the sol ution
sectipmmgs shomingpddGBol<410 wt % sol i ds in PGQVEA. The sol ution

di.l ut to 10 wt% with additi | .P .. Th :
softat1'afi e ShrroafL el s b GG o e prpckage with 2
sockétl fof & RFAhIpE ahda ahﬁ‘r drii@nd eNe6 orfRér@hddances, the RF chip is flip-
" T(HT(M)T Ph)T( &1) was produced. Results are
chip gqf\aélmed P fabipackage Rulntang omdtiesagati be usad tasinapreve dke patch
band%zncﬂh %/feﬁ g tlel\AN\A@;hI' steqogzﬁegrgoa{eothg bl?(ggg%s%%\?dgrﬁﬁl {8 PCB
manfgétanng pfReEIsO TEB@Q;EE@\SM BE httd INEECRAE i thérRAB Throhdh) a BGA.
PACKAGES W TH | NTEGRATED APERTURE- COUPLED PATCH
The poqkesapanSnPRgmanga glanghighased &Y on The pr esent
' nfﬁewé{vogf gl%nﬁgéﬂsh}ﬂn ol AE]S lt@ déc(i’%ﬁ d that, 1n eneral

circultry, nore artlcul dr r reg uen

term§, Rh1) apattmgrc@upkédcpzxtclulante(nhﬁj)pqcha:geag&sord&gc k@ramumbeof of the
the I nventi n In a wireles t he onnect|

y
imveri, COMTRRITEE B boraee by PlaBe PechomebvBarath d@%h Also
1ncluﬁ@<§ K ?eﬁstaénte%%ﬁﬁqllif] BlahSCRLYRT Slaf¥, sﬁcf}fad%%ﬂet ans spa'c@d 1nwardly

order to radiate thé desired signals to or from ot
fromghe generalyoflandrgatelt Mdraond shbstarddily pesttelthestd.i The ground plane

.~ Syste S as m.llinmeter e 0 cret

s foFioRE it B4 o’ ey PR B sl At HOT biah (BREEG: citeghot 113

is sub@¥ladly oPPOSR oy leCpictal @4, OAl RAstasReRkbd ehe USidRTas line 114, is
expensive and bul ky wavegui des and package | evel or

spacdgoiamgrdlefrem ihaecgmmdmlwesklﬂtmﬂus substantiplhy prigbelribereto. At least
one rﬁc%g]fpegﬂgll{: t ?1 1P, 3 sg&d %?41{62" s e%qn%ﬁf])z ﬁ:o}r‘x]lt thE TeeAline 114 and

recel réce progres

is coapkt aondeatal llheClhﬂOérQLgmeagldulﬁtﬁ@)k@@I NngY. engioa@eluded, is a first
the di nensions of these radi o conmuni cati on systens
have becone snmaller. For applications such as wreless
uni versal serial bus (USB), the operating distance is
limted to about a neter; &nd a single antenna with
about 7 dBi at 60 GHz will provide the necessary
antenna gain. For distances as long as 10 neters (such
as wireless video) or |longer (such as radar), in
poi nt -t o- poi nt applications, antenna gains as high as
30 dBI, dependlng on the appllcatlon are reqU|red

o e o o



used in mlitary radars. However, packagi ng RF chips

Wi th integrated antennas or phased arrays is extrenely
walpdobiteké and very expensive due to the expenBCT/ES2008/088516

conmponents and extensive | abor involved. Sumrmary of

the I nvention Principles of the present invention

provi de techni ques for inplenenting RF | C packages

subs’bivht*ehla?réﬁ egélatag dihap eriiédebE oph@ dilpati 2 at aibadste! M8 kpaced
ary enbodi nent, according to one aspect of the

inwargly drr 816 foes Kegil b r Bhpfanstsubptmte davar sformedwith achipreceiving
{ I
catBERASE NN heTalp ROA\ BUEIGIRYRCLTG SOH0) B9
paGatenathel datcripeaathemm, geeasombkijled hmmlaer PgBoakaIarpéraiaearts can

I nwar fromth eneral ly planar ch an
makg G’B’E’Pg S8 P t dpyFntion. ?Iﬂ%rf B%ﬂng%@“&ﬁ B’ﬁ#’éﬁ& ﬁhét may be
used REnRE tl%ﬁrﬁ)s@tt Pia@t@@&er%ﬁ%/ﬁ%' ngQ; @P%fﬁl%qﬁlx%es such as the
herein. The s is substantially opposed to th
RogqxatIEPAOOA\P swrien of uoaerials éarat otleasbm@mteblé gnatetidlae awlabledfrom
frao he gr und and sy stantla
RoggrR @t 8 Bodrg oGP RS AT 2B 7 ke ol et tavers,

possﬁaﬂ)}agtﬂd pldi&@élﬁibé/dsfdr@mefrBﬁadcss&grebé ne and coupled to the
feed |line and the ground plane, and a first substrate

| aiﬁéwl@ﬁa?@e@cwﬁﬂathau %ﬁiVﬁ'ﬂtémquﬁ]é( emberimients of theeinvemtian, such as
100 ?g)\@is%ﬁdag% ﬁgﬁl 2 aI csot'lﬁ{)ca e%)é %Q aﬁ% %'8& Irégr?, ggie@h\r)zglﬁenna separate

ﬁomQBNMhpan&h&wopmmngegenbodlnents of the I nvention are
sujtable for automatic processes and reduce the nunbper
o NeBrBrHA S B b0 D HFoP TR (9T YRR AR GIAied through
hole@Nt ennas. These and ot her objects, features and
advant ages of the present invention will becone
appabedimentsorfi thé 'Envkmlwmmiayu glsdendideed sebond lshlpmxiatmlapér such as

ratjve e nts ichis to
that f%msiﬁ?%ée bitEe P And P o iy 10 afedesigaf ogfpiaR Detween
he dPe&fd pRhé Q10 %dtéwglaae VRGP bY Ithe pdtcBNOWS @he PERAPICA! May be
enbodi nent of a package, in cross section, according
advapiggenushys feratedofn tehdirstninetal ilayer midGthe gstings piane 110 may be
adva%)(glg%mlj ﬁzr%nﬁéﬁj%d' s%%gr%d 9 tﬁf"]{mt her package, in cross

accor di her aspect of the invention;

Fl I ok 5 @Ovse a&ml@dﬁﬂ%ﬂt@%’ tiar oghstreet 1apdr, ¥edh a@@ﬁzﬂeﬁ)rmed by
ackage, .in cross secti on accardi ng to yet anot
Substa%éé i finterposechipehregion betpieen the goandogkatl@ﬁwua@dvﬂaﬁ fegdh line
f I
114. PLRTRE Uhe AR SRAZDY hidniBehEly BFERN i AR SIRENRS. Purter,
one @ank@geckadel i asdosddnce withf drsteddimientaiof tiel ﬁvelﬁldnSmay include at

e BRab eseTEL s aral et ey L
groukdPafd MENt & SRRIGS of i g&%@ﬁ rgE%H l?ﬁ'lwels ds BYENL180M0, can

provi de an appardtus a st padckages
be fovmcdwm the e‘gr@metal hyte iblsashiode ph&lsedlpawmaycslomgmdatsucigas 118,

can b slfirdes shhgeelitie AL DY I Ut L AHRES e BsC e i

connéctidHIphdd e3iPle e |cHin6 thd feedlihe @P@(ﬁid(la@?)the i laq 99%&&@9@) and
hi g

contains nultiple cavities for inplenmenting
the visdRfidpadahld®e- ant enna(s) or antenna arrays and hou3|ng
e [ fre .ntegrated circuit c
G i BRI be Bveph P Befiasipret piogf PR pacs
one breafvné Gdesolt padk\/ %GO&EE bh&n&‘egﬁd\ﬁéﬂ iup@!(?' ipAdsYedi @ which are
internal cavities and to avoid the need to enploy wire
bond technol ogy at nmAMve frequenci es. Enbodi nents of
the inventive packagi ng technol ogy are consistent with
the PCB manufacturing procé&ss and can be used for
packages with an integrated antenna or antenna array.
I nstances of the invention thus provide | ow cost
packagi ng with i ntegrated antennas or planar phased
arrays; in particular, chip packaging with integrated
antennas_or planar phased array designs for nmhAave



Typi cal chip packages with integrated antennas have
three major parts: (i) an RF chip, (ii) one or nore
wa@nioeneesq and (iii) a package carrier (and i nPGDO2008/088516

i nstances, a package |id or cover, or an encapsul ant

to protect the package). One or nore enbodi nents of

the invention provide a package that has high
exenfifHitfe@royBpHce] BNLE RRASas GHe dr%&%fg@&ﬁtdfﬁdsfidcﬁ -28Ni3PPITHE signal,

an RF chip and an interface for flip-chipping the

contt@écmg@ supply pid graaadpads yire advantaeowsdy fermed| @ a fourth metal

lyery ff Ry SRS PRS! LANG0 oHlEME v RIBIT, 0 PRote

t hatsodecltideainldnBiof hors erabadimenits fi0at 1€dsaond g/rouﬂ'dlela such as 140,
ackage hgi seven total |ayers, |nclud|n? substr
§

coupiel ksogiAHp lang,J 69 and thsrerpwnaRad L30p| Theat fiessone ground via 140
f i

sSSPl AROUERRRE NS, W | USR8l

substiateilgR), pm ecegisn n6i memsectieg thededd hys 1 er ©ne or eopeembodiments

) di Kill t t d Kk

inctodf o 6hsf Pt foRl B RPYE cibiel oHE PRRCKHRBEd) Rugh de colipe 142

form@d Quir@Mitib Dy samhm witihe %Ecﬁﬁltﬁild?ﬁ 17GB Atabist 684 §ihal via couples
techni ques to make enbodi ments of the invention. The

he signek agepatomndathsosipred padn&ttﬁoeassm‘ threughl the ofjrst gnd third substrate
layelgarstuatcl ll\zlrat léalggva g dif’?%%p \éi tﬁéll X tg psou %%taﬂfl ! %l 1%2th8 POpEF pad,
and pah;eesnatcmlghelsé fitddana fthitd sutzahie Hayens. Q?mlﬁt&iéﬁx)orej atviBdst oé control

the substrate 102 and patch antenna 104 onI% a single
via capplenths costrelepiitivpd and therperolipadpgnd pasees t st eebthird

S I r r:
g A R M A e
and dmped elefi@nts Al ngrberproaitled fy @owet, sigaaldand cdnroh ﬁlrfctlbmhty

3 hs us d. for t.he round | ane 110 .of the g

salsa nokd otomensass.Afalleftef piFhAs dd- 1§ sBacs é%IW?ISer from

the tEﬂPd? s@&%?rﬁtfe%fe? a8f 1§ eﬁﬂﬁrr&ﬁ;%?edct@ YRt @&hﬁmg %geﬁt!% &MH1a33. The
he ground pl ane 0 al So 'separates the radi ating

reﬂegbe wamtbs lpopated h)esan ivr fsnidaaet dife thice Bt Isilbrtiate) layand (¢.fe inmost

d belo Anot her s rate 1 j .
surtef g bS8 o T e CoT s YRRt 8% THER (L PhgBPeidsd a in
FIGS.nvaag, frmmcﬁ 'é@&tthégnﬁzk&é@c@ﬂﬂclh& & fREthtsAbitd RFBNudhnA that

ant enna f line(s) 114 ads 116, 118, 120 for RF
formedhiby bownd éthu b agch pelisiaighl A2, apaced powardly foam the reflector 144.
The t(eg%%g{: a?xl tlu?éjbe alai)e%ﬂgcz Pgtgjﬁgne rﬁ}gtca'nsi ?M {%@&atgflayers
apﬁd@mtagabﬁ)ly,ttbe seeend subsnrate 1aieB Sucls scthavformiedibil ffins 106, 109
urther bound filmlayer 126 inward of the netal
and thef B8 nis rf@mf‘@e‘dlth|aﬁé‘1r1‘134’1tyaﬂk?ha?5f°&i’lt%é?oasthﬁ@tnr af\l cavity
0. I
150 {30 BE] R ) TR e buBby bt SO Tl growns
planes Upp! Prefemblyg theuaid cavotynsdbimetsint mmrhemnmidmewnH@Bvc(m heach as

her_ PCB i mtted front ure rity).
vent ggg o1 r?é;calr?cﬁ’ﬁgléttﬁrr FAifrd?*Sp'Rd Qgé’ ithe & F'&t Gmﬁg i, the first
substeHt® Wdr; Rh %ﬁﬁlc@lljag hRUBEE SI0URGLY 'f&m]effgasea%lweﬂSb i8¥ormed in

one or nore of signal, power, and control pads
an adshigonall |Sﬁb%1@teb$ayprac$uqfs 2s dlfernatiby substiagr $0 ngpatddoputwardly

124. .Th a be r
from JGERAFE 104) JRE pefehis dimatcrrb e sediiontlc halY 195 40" and the
vent R!f5@nddein REON¥ddGEshal Qﬂﬁﬁﬁtéllz[yér pg2.t he patch antenna
desi gn, an optional reflector 144 can al so be

i npl emented on the sane netal |ayer as the pads 130,
132, 134. In some instances, as discussed bel ow, the
reflector 144 is enbedded. 8To i npl enent the flip-chip
approach, the chip 162 preferably has a plurality of
sol der dots connected directly to the chip connection
pads 116, 118, 120. To enhance the patch antenna
bandw dt h, patches may be air suspended or supported
with a foantnaterlal mnth a dlelectrlc constant cl ose

o,

a o o, o o - . o



These hol es can be desi gned such that they have little
effect on the antenna perfornmance. For exanple, hole
wazmogei4be | ocated near the m ddle of the cavP@HUIH08/088516

or close to theedge of the cavity 150, and can be made
relatively small, consistent with adequate venting.
The vent holes can be on the top (outernost part of)
t ha s getedtwithlRBaSto FHIGWS, ih dnEbBmole GhbOIIMERNE of ten®dntion, one
the cavity as di scussed bel ow, depe endi ng on the

or mgERUHaner (PR FFOGCHS impkamenters gnih penerd tEWOS.j e above-

discn?slés‘&g)}?#ag Iij%é{ %&6@511%%grée?%cﬁ%%qgﬁ%gaé?ﬁta&lﬁgﬁe éﬁb Q%ugea%ed line
114 ¢coatestfeadhting. hMhe ghhowidaplasn darabé if@actd Wigh @ne oY indord 2dditional
Couﬁmwtggpglglfl}‘k d;?cﬁ% %ﬁéeﬂ(l)tlf LIES;{}S%IB%/C a%];gé}( l\llilcglld\émé)gg tq? g{l(l)rg %gidltlonal
genewﬁﬁ Plaﬁ:ﬂabét&l%)s stde LPadehey goResaf '6@)66‘[5 pdcE® Bubwar rdly from the

acturing standpoint, and result PP ner ease
grouné plaabi The¢ yc;ldlaenal 1slo¢$camlfefsubslmttlaﬂm opptrcd @ theeiddahunhi pagches.

t 124 th
The pi@% ihalst SfiTids o, on PSRt ne et s s fbeds G 610,
614 c&‘ga@at inPadBy ¥ GREProGhd Ptan€ &Rl \ubdamalytpardle] $RG&SBT The at
is realized in the substrate 128 and bound film

leastjon. radini feequerdyethip 4 62 deaoupbedhol the paditipmal dhedlings) arfhibe firs

patcl% g%%?%dgu%?%ﬁ%gt ste taﬁg?ge% vé ff)zi:aglﬁ% hha{sI {l erg}b,' R single large

grouﬁdir]ﬂzefenaﬁh malviple dopl dahi & smploged m@lpﬁﬁsearmi‘dyf efbsdimng. A
the like), are in the package 100. Vias 124, 140 are

phasgd agay 6%5@@9 (7% JNDOCOb PatRRRs e glethar 0B §aa g two; however,

a usly be

pow%%ggﬁkgﬁe}g%% ng%%ééqggg? 6(%%?Qg%g§g) t hrough a

baltlwigirtiedappracaayed B%houﬂ & uitlesdtomisthanthe m’ﬁendp}mn embodiments

subst anti.al | ar to enbodi nepnt 100
of thR SRy ap Hebed aBaisiapely BAnSehin & aUmBE i I5ah pshions.
Givehai&feadi g J OVRE %@ntﬂ’)ﬁ%hﬁ@de‘ﬂrhe}éﬂ (ﬁf&%mdlﬁgﬁ' stk'llp ﬂ?‘{he related
substrate 172 inward of bound layer 170. Simlar itens
art “hlébeable@ewe@mplhe atharampleinentations eflthb érveatioh. wi | | not

e re n ocketr 1 0 .
¢ o N PR oot BF BB pERER o Rt fogf RSoribed
herelenmﬂlreerdnce Ftb Ghe 3csdapyaiy en@sisenis ®UbS tuaBéds@bliVthat the
simlar to enbodi nent 200 except that vent 352 runs

mve@iqylelwaytshmﬁ%wgthoseagremelmb@@na@s,t@d\ibﬁtva@a% etheridgnges and

modiiidimdy Ea0PHE oA SRILFH 40 iSR! §HERENERpBEP Sbope of

spiritxftthofiventéon. 400 where chip 162 is encapsul ated with
encapsul ant 402. The chip can be partially or
conpl etely encapsul ated, for exanple, for purposes of
resisting humdity. A plurality of outer pads 404 may
correspond, for exanple, to attachnent, heat
conduction, or ground pads such as pad 130, while
aplurality of inner pads 406 may correspond, for
exanple, to signal, control, or power pads such as pad
132. In FIG 4, there is no reflector or the reflector
is enbedded. FIG 5 shows a view 500 simlar to view
400 but of a package with a reflector 144, such as in
FIG 1. Simlar itenms have received the sane reference
nunber and will not be described again. FIG 6 shows
an exenpl ary package 600 with a 2x2 planar phased
array layout. It is possible to have nore than two
antennas on each row. This basic 2x2 array can be used
to formmnuch |arger arrays. In addition to first
antenna patch 104 with first feed line 114, also
i ncluded are second, third and fourth antenna patches
602, 604, 606 with correspondi ng second, third and
fourth feed lines 608, 610, 612. Each feed Iine is
connected to chip 162 as described above. Although,
for purposes of |Ilustrat|ve convenlence t he feed

o e T o 1 o~




as shown in FIGS. 1-3. It wll thus be appreciated

that aspects of the invention include a package with a
waowRkaes1fior an RF chip, and a planar antenna. PCI/UR08/088516

nore instances, the RF chip is flipchip attached to

the package. Internal cavities can be used to inprove

t he patch bandw dth. Venting holes can be used to
Claibgnove the hot gases during the PCB manufacturing

process. .The package can be attached to the nother PCB
What lrdaigd &5:BGA.  The package can i npl enent a pl anar

phasgd: a | j of: e.1di I 00; 1Of -
L PYACRRIPERncy TGOt otth IR APIR ot T Pond egrated
aperapetduplel gaoehpdreehnp adaidhpakbgnevenpsaigage, according to

an @F ect of the invention, can include at |east one

gefef

( tPVf ginsrAlly plaag Ratclych as patch 104. Al so

i ngf légﬁ%nlesgeﬂErah?%ﬁinaP%?o@l@r}ﬁﬁxﬁg $pacdd ﬁﬂ@d&dl?rf%{ﬁcgaid generally

pl ane, such as plane 1I0, spaced’inwardly fromthe _
plangepaseln hind, syhistantielly paraHell haretm daislugrotath plaak |bgingatoamed jwith at

thereto.. The ground plane is,forned wth at Jeast o .
east, 5 Fobing B tlyBe) BeRhE et ¢ BRfne" bRl Bhosed g sid
patcgl ot 113 is substantially opposed to the patch 104. At

| east one feed line, such as |line 114, is spaced )

i nalaleatyone feed Hne spaced hevgingomipidgi@und plane and substantially

tially parallel thereto. At |east one radio
pmnﬁﬁg%%gﬁty chi p, such as chip 162, is spaced inwardly

f r anbedsoené exlib frequendyl éhiprpaded inwardlyefiorhcaidhfeed Bedladd ¢vmpled

%f4 gnd t he ground plane 10. Also included is a
to sajq feed 4p¢and sdeioyPd plang 7 as that formed by bound

fi i

P R A T S G R
beingiférimed weith p<hiperecaiving cewty, 5§id chipcbeing locatei tiy sdi@ @hipfigeeiving

.chip 162 is located in the chip-receiving cavity 160.
cavil ven the description herein, a person skilled in the

PCB and antenna arts can nmake enbodi nents of the

invention. Non-limting exanples of materials that may
2. peTheparkpgedidleim Hefuribseeompriging & secend mbstraislayer gntgepesed in

or simlar.lamn h th r): . .
o reclly Febfloid FEMRE B 31T o e OGPty BB Rl gid ot
is foAvéd inaldirst thétaMaRagmdSaidareaidailais Gérmfddde a Second metal layer.

Connecticut USA, as well as copper for netal |ayers,

possi bly gol d-pl ated on pads or other exposed areas.

It T Ina : :
3. bbbk APl 2 hithet PR RANEINARP QR te Jyypr interposed in
regioadi2twipnodiddgoand plapd aidesajrhfekd tiae antbreiotsaid foet Enepiatfaimed in a

) anteqna separate fromthe chip and ot her packagi ng.

thirdypgtel leypis vi as such as 124, 140 may be formed, for

exanpl e, using plated through holes. Enbodi nents of

the invention may al so i nclude a second substrate
4. | aVYke packagrhofasSlainh 31 fuftbemeanimisingubst rat e 108 and bound

fil 06, 109, int. d.i [ bet he .

or SUREF BPatE RIBeHin B A OB b AT ki round
plancthgd pat ch 104 may be advantageously formed in a first

netal |ayer and the ground plane 110 nmay be

advplraigeolichip comrestion padsdomessbingaidethiafl megg) dayer,|ah legateone of
.o or. nore enbodi.nents, a [ u I (.

said Phip R fechiER T BN ico Dol 3o BT b B 10 YRy Abstrace
regi on between the ground plane 110 and the feed |ine
114. The feed line 114 may be advantageously formed in
a third netal layer. Further, one or nore packages in
accordance with enbodi nents of the invention nay
i nclude at |east one via, $uch as via 190, forned in
the third substrate layer 112 and coupled to the
ground plane 110. A plurality of chip connection pads,
such as pads 116, 118, 120, can be formed in the third
netal |ayer. At |east one of the chip connection pads,
such as 118, can be coupled to the at | east one via

A NN " " " . — .



One or nore enbodi nents of the invention may include
one or nore signals pads, one or nore control pads,
wW@owInea4o©r nore power supply pads, all of whiREI/US2008/088516
areexenplified by pad 132, as well as one or nore
ground pads, such as 130. The signal, control, power
supply and ground pads are advantageously forned in a
layelf @Mﬁtchlﬂ@nﬂl:cti(ﬁhylﬁﬂs c&gal motseid chiRfkadefRadine had ssidnt least one
opti onal | provid so included in one or nore
VMIEWbd@mnbﬁﬂEUmSkaﬁrleast one ground via, such as 140,
coupling the ground plane 110 and the ground pad 130.
The at | east one ground via 140 passes through the
5. fi Thé pavkdgd bff Cllira Ubhirthat @nh@jsiigs (e.g., substrate 112
bound film 126, and substrate 128), in a region not
|nWéF§%8¥¢ﬁ§n§ﬁ@ feed line 114. One or nore
embadi B SordiREhafle at | east one each of power,
signal, and control antipads, such as antipad 142,
fomﬂeﬂuembpmwwnmmmMymdgphanar with the ground plane
110.. At | east one signal via couples the signa
an?ﬂﬁﬁﬂ°%$%“Wﬂ§ &gnal pad, and passes through the
fi Gabrefhid ibhdl, §dﬁl%l pRWRr Subp8) snd biind FHdsYire REmb&as4 fourth
one power via coupl es the power antipad and the power
metabdayer.and passes through the first and third substrate
| ayers. Furthernore, at |east one control via couples
the control antipad and the control pad, and passes
6. thrhggickafeof Clagh Safigthbhéoniprisipstrat e | ayers. As
noted, pad 132, via 124, and antipad 142 are
i | plleast amie\géomd ']BadFOUP/IF% saith groynd iphag aBf sahground, pad, said at
least Oh% gunlarﬁx q ala ﬁx§{ mh’lrdasﬂgstfa?@i Qls, in a reglon not
functiona g&. 0 not I n sone |nstaﬁb 5,
interstihg edidfeeddireh as 144 i s spaced inwardly fron1the

thlrd substrate |l ayer and .is al | ose
c oBfpleRH PORsar HigRY, ENEOIS. anfen ormed sbatey fllecoplal wi
SMdFRRﬁH 8fhnen an inner surface of the first substrate
ayer (e.g., innost surface of substrate 128). The
r eftl leadt cnnecsagnabeflaex@w@eg saidssigmal @hidpadl andosaie stpmdlpat], said at

as in FIGS. 2.and 3, .in i.ch.cas he kage can

teastthe bkl o padiRiPusl g Rl SRR b EBSERST © ot e
by atreEI bk idoWet (fh lisip Raidr piver hfBpadSRAC &ad ippwer ghd/ said at
fromthe refl ector 144. The refl ector can thus be

leastemb @dWéUVlb orsethrdvghfspiddirstand thislisubstraie bayersa ered

ouSs] Y- . r

UG BT AIRER g IR SRG A BUPRIL ALE AT b sia o
least a8 comtﬁolfv@[ padinpitirougtnsaid first avd thitd sebtiatelayeavi ty 150,

therein. Air cavity 150 is | ocated between the patch

104 and the coupling aperture slot 113 in the ground

ol b . . . . _
7. ConnEpiRas S Elafi - ikt Hinilid BHrolick SpdcB BRRo frqm aid
thlrdtshbstfaad lager and%eneraﬂy bppdstdxo jd ¢duplingaper@b@slbs f or med

in the first substrate layer; in particular, in

substrate 108. In the former case, vent 152 is forned
g | nTHJ‘ %é bPORimSH Rk @h Saldd¥fEotorSH GRS Sa4 irfrfdf g@&*ace of

by s str te 102, Spaced outwardly fromthe patch 104.
smdﬁhmmﬂauahlm$rforned on the additional substrate |ayer

102, and the vent is fornmed in the additiona

substrate | ayer 102. As noted with regard to FIG 6, in

one or nore enbodi nents of the invention, one or nore

pl anar phased arrays are inplenented. Thus, in genera

terns, the abovedi scussed patch 104 may be desi gnated

as a first patch, and the above-di scussed feed |ine

114 is a first feed |line. The ground plane can be

formed with one or nore additional coupling aperture

slots, like slot 113. The package can include one or

nore additional generally planar patches, such as

pat ches 602, 604, 606, spaced outwardly fromthe

ground plane The addltlonal sl ots can be

1 . o N a D D L 1 T —



It will be appreciated and shoul d be understood that

the exenpl ary enbodi nents of the invention described
wW@kwvaoaah be i nplemented in a nunber of diffeP&nUS2008/088516

fashions. G ven the teachings of the invention

provi ded herein, one of ordinary skill in the rel ated

art will be able to contenpl ate other inplenentations
9. of Thégackagensdf QlaimAB! Mattgh dompiisingat i féertle nsabsttaie nhyer Osfpaced
. the resent i nvention have been descrijbed herein with
inwardly drosm sad reflecky. said stisatey PRgE arbrAdrgsbetveen spid frgpand fourth

od that the invention is not limted to those

Smmugggéggpenbodlnents and that various other changes

and nodi ficati ons may be made by one skilled in the

0. _ar &B%\n P%%gg%g&ﬁ%&% g\%er}cegno%}l ?q%gs §l@)§trite IS elr Esl rr(r)lfed Evllqt an air
cav1fy5tﬁ|ér@mf 5R4HRREVity BYif ?ro@hed bétweeH sdid %Qicﬁ aﬁa%a%umﬂgfhpmure
| east one i nt'egr at ed aperture-coupl ed patc
SbtanﬂehﬁQWNtHﬂm3package conprising: at |east one
general ly planar patch; at |east one generally planar
ground pl ane spaced inwardly from said generally
11. pl Tnapaglage bfarging UDshaedeintdiy afadaalt) e féredemosonsaisication
ground pl ane being formed wth at | east one coupling
witha3@pt.ure sl ot therein, said slot being substantially
opposed to said patch; at |east one feed |line spaced
inwardly fromsaid ground pl ane and substantially
12 paflhé palkagdef @hon 14f wheraistsaidnent Bdomnddriagaidrfoyt substpate layer.
spaced inwardly fromsaid feed Iine and coupled to
said feed Iine and said ground plane; and a first
13. SUlpRE kS P @fy €laifNAC A tHeP¥EHhHising 519 RAGERbSh E@@s@ra{e' B%er spaced
said |rs substrate |ayer being formed wt
outwatdlp-from: saidi patche asidt patchshbding ¢drimedbei segd Iaddlalba@l substsae dayer,

Kk f d 1,
SMdVﬂpgﬁ %e%%%?ﬁﬁFﬁéngggédwaggﬁg§§?g?: Fayera:glerposed

in a region between said ground plane and a pl ane
defined by said patch, wherein said patch is forned in
14. a The Backage off Clainy 8 wherdinssaiddsegonslswhstsite fryet i ff)Un‘FﬁbWIth gn air
n
cavid (RERBT SATRS Prab e red BEBEFIP BP9 STk Bintipeagertore
sbtmmaﬁ@ﬁ@@kmﬂmhetmeen sai d ground pl ane and sald f eed
line, wherein said feed Iine is formed in a third
nmetal |ayer. 4. The package of Claim 3, further
via formed in said third
£5. ug é%%%g?g3g?n22§&%%§§[ed to said ground plane; and
a glidiatdéast yn@lﬁatdhlsra fostrpagadt i on pads fornmed in said
thlr t al ., at lLeast ane of said chip
@He hO%a QSBB? é@h%?%ganmgald at | east one via
' NsafPbiduhdplafle fs%ﬁhécﬁ%vﬁh avkehst a%@é&d“c'&hﬂu&‘g%ﬁ%ﬁ%é Q&
__pads coupling said chip to said feed I'ine and sal d’ at
said paskege fortbendoanpirisingai d third substrate | ayer 5. The
packa urth e risin east
D AR Spone 2oy gl belshsPBee ol e SR Bl plane,
said ﬁ:@w sl§Mf¢‘:ﬁﬂ9’sdb§l@nt1ﬂ[}Uo@bsédet@%ﬁld%e&)rﬂrﬁ%dalﬂiid wher ei n
said signal, control, power supa6¥ and ground pads are
f catnissti p secpedirfeed deteaspaca«j/emw ly Tiiempsaitt agiound plane and
conprising: at |east one ground via
substgggaélg}p%ralsg{hgﬁgé ’ound pl ane and said ground pad, said
at
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| east one ground via passing through said first and
third substrate layers, in a region not intersecting
w@aiod/16s8eed | i ne; at | east power, signal, and cPCI/D81008/088516
anti pads forned substantially coplanar with said
ground pl ane; at |east one signal via coupling said
signal antipad and said signal pad, said at |east one
Si ghadeinvdadd PEIBSdt RYe FATiO Brghueal @hipi ik Sbupleditd &id Second feed line
substrate_ | ayers; at |east one power_ via coupling said
and yyhetein saisk ﬁrﬁfa@daﬁeorsda?aaclﬁéa@rarﬁaaed tefpgn atplqnéaglias% grray.
power via passing through said first and third
substrate | ayers; and at | east one control via
coupling said control antipad and said control pad,
said at | east one control via passing through said
first and third substrate |ayers. 7. The package of
Claim3, further conprising a reflector spaced
inwardly fromsaid third substrate | ayer and generally
opposed to said coupling aperture slot. 8. The package
of daim7, wherein said reflector is |ocated on an
i nner surface of said first substrate |ayer.9. The
package of Claim8, further conprising a fourth
substrate | ayer spaced inwardly fromsaid refl ector
said refl ector being enbedded between said first and
fourth substrate |ayers. 10. The package of Caim 7,
wherei n said second substrate layer is formed with an
air cavity therein, said air cavity being | ocated
bet ween sai d patch and said coupling aperture slot in
said ground plane. 11. The package of C ai m 10,
wherein said air cavity is formed in comuni cation
with a vent. 12 The package of C aim 11, wherein said
vent is fornmed in said first substrate |layer. 13. The
package of Claim 11, further conprising an additiona
substrate | ayer spaced outwardly fromsaid patch, said
pat ch being fornmed on said additional substrate |ayer
said vent being fornmed in said additional substrate
| ayer. 14. The package of O aim 3, wherein said second
substrate layer is forned with an air cavity therein,
said air cavity being | ocated between said patch and
said coupling aperture slot in said ground plane. 15.
The package of Caim1l, wherein: said at | east one
patch is a first patch; said at |least one feed line is
a first feed line; and said ground plane is forned
wth at | east a second coupling aperture slot; said
package further conprising: at |east a second
general ly planar patch spaced outwardly from said
ground pl ane, said second slot being substantially
opposed to said second patch; and at | east a second
feed line spaced inwardly fromsaid ground plane and
substantially parallel thereto;wherein said at |east
one radio frequency chip is coupled to said second
feed Iine and wherein said first and second patches
are arranged to forma planar phased array.
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