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Summary of the Invention

The problems described above are addressed by the present invention, which
relates to a vertically stacked packaging arrangement for multiple integrated circuit chips
and, more particularly, to a vertical stacking arrangement for use with SOI-based optical

components and associated electronic integrated circuits.
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vertical stack configuration of the present invention;

FIG. 4 is an isometric view of another embodiment of the present invention, in
this case with the SOI-based opto-electronic integrated circuit disposed as the base layer
in the vertical stack, and the optical input/output coupling element comprising a
trapezoidal prism structure;

FIG. 5 contains an isometric view of an alternative to the embodiment of FIG. 4,

in this case utilizing an optical grating as the optical input/output coupling element and a



el ectronic circuit; FIG 6 illustrates a variation of
the arrangenent of FIG 5, where the optical grating
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to direct optical signals into and out of SOI layer 18. In certain embodiments of the
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wionplem8 (. d’rﬁﬂab]yagdeantﬁlﬁmecandccatmg!% &isidispbsed tolérrihe exposed top
ev nt _cou ay e 86 is formed to cover
usr‘fgg grgpgﬂldgfpr{spgc %Oa pri sm coupl er 80.
Pr ef ermtbl y;lluamtﬂmhla}temﬁtlvem the emboditneimgf 883145 wilers rothéscbase a
over. t.he, ex dto ur f ce of ri
CHEo a8 RS s H35 ol “TRFER| EPresoh Bhara an

earémdmmtl 1@ﬁnd:slt£5k 74, Irv\;islaree)f trBpdzbildsl peidmeofpleeso, tk

chi s 10 s used rovi ge .
et o G0 S Lilr R Bt e shrat AoeheL el & M perating 12 dor
Sdo@ﬁllmg7a2f-ree| s@adélo@ﬁ@u @ﬁgnau ﬁlﬁ@ szmlasi@l 18R 8 BRco0d Platihig @t shown)
e enbo é[ ment of i.zes a pai

f PPy wg@.%@@gatalgfomaé Slé‘i‘aéfrf’ﬁ‘gg(?ﬂz‘%)‘/ef Eﬁ 01216@3 Sﬁgth%\

f 418805 PRGROBL fofiRdd v$1'tk9ﬁ‘ 80] ia ?érq 8Sth é@ﬁb@ﬁdﬂg%lqu@;
second grating :§not shown) tor out-coup

o8 pRkyRant rrgionpl 3 Gused cgﬁaq thg prgpaeating My@wgygl aleng §Qjlayer 18.

CARSIepthlte t&rg?étinﬁgémﬁﬂésean@tﬁeeﬁehbd/ of tﬁE pRAn Yt 3 Hesigned so
| ayer 18 with surroundi ng | ow i ndeXx
as to most efﬁc1ently couple the wavelength of the propagating signal. In one exemplary

embodiment, an adiabatic grating structure may be used to preserve the mode of the

propagating signal. Silicon dioxide may be used for confinement regions 130.
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confinement regions 130 used to direct the propagating
optical signal along SO |ayer 18. The depth of the

w@e@biosg3f eat ures and the period of the grati nBCT/US2006/004108

structure are designed so as to nost efficiently

coupl ey *‘6%11\5‘@?6?4s%9ﬁ£109 of tHRemBbARBRIAITFRS. wa@,%'m thfidkase,

one exenpl ary enbodi nent, an adi abatic gratin
sticed 1/Gr eouphing eﬂmnqmﬁ é@cqrmorpﬁ%@emesettmr ﬁw@tr@iSOtﬂqened within

RIRRARRAL S, NEh 8@%’&?&01@?%@'@{%%&1 6186( sqax Yo RS diR Reb1de Rl

confi’nenent regi ons 'ustrates a vari ati on
ohaterfd) ie fdvmed toeautromfd iFfeGe t&er sthetuee 159. tAsi withcthe grating

S5 L0 SOURLL P SLSTERL ALPERLL S ANy LR g (8

q:pd)pagaingcsrgnﬁh ﬁéﬁrembodlmgmtcan sloB i FUE.H6 1aparac1i1mw welbispited for

o Bul a8 ori @ GRPTE PR St e et Bsifec
a:bama ly with aficalyathi ia tigeertiallystackyd Simctused t o preserve

& e ietoedndGsBAOBAARE Ll i SR ol PR PigPrck aifient
cs&uahﬂemgiepdmtimg@utthaﬁppmuomt T akadiplele nput camlin@ i@ he from a

diF e opton 5B AL GEbuipuctfony e sBE e Wbt tasupied o e

lﬁaoet &r deecton dRIoEdo0a it tshdbank4pe of the uﬁaxgg@ﬂlewprr&eﬁtnh@hﬁon
conpri.se di ff erent structures ependi ng _on the

éb@é thedise sigren teginology alves, foy Wélov%@pmewﬁwrﬁ@(Vnw%é,

fiBlaR ah@8RNikE) to BB f@Rkd GRhinfopB& /Ot 2N dHH R accurate
fromthe SO layer 18 may be coupled into a fiber or

drapshyerabignmeps betiger the jinput/qutpi patips 8¢St layed 8ar r angenent

of ther@resens, ih QY(%‘Vlév@"&ntob@}Ell bdRitddRfe Sfthd GPRBus components in
technol ogy al l'ows for various ali gnnent features

(the warideslle staclied guangementzod dhet resentiikentiony Ipghis easeePl-based IC
Wotifliddg QPfh'e o&de ihib? h eHEM wﬁl@ o@% Q&ip@iﬁ% @E&Bﬁ@b%lsﬁosed at

passi ve a nmsnt et ween t out optics a
mrede@y@mei catign@n SPId#penss of SOIsbaseslevh%\@phaﬂ I8y equpling

Ver IS C?.ﬁn% rks[e 3}@ RS QLD oGO g@?ﬁ? Lﬁ)rl)lklg gtté%tﬁxre, a grating

arrangement
icovEingi mmersel tnpetr lepepling seang®Oknthhwedlith@sibRal adiabatéschosrstaper or

t o
g oyl SRS for ST HE b proBbden@ B i Riarlf i BRI ko
| lagpe i 8.18 isain aﬁ@rﬁi@@éﬁhe laftarig2meatt ﬂteairesbvitﬁh\@ntmi thatghe vertically
SRR o o P R R T E R ARGy i
cndmpbmln @psagrmﬁg;ehfeh mapcdshrglebe @btmmsulﬂrmglfareacdi eaxmr i layeh 08)nthus
t suitabl e structure. fo
sTBRiryRe pRestis whrneng Raiesh i blEPG S, oS o ifufhonre.
18 | tn ths palmlcﬁlldl\/aﬁéﬁl‘a@&re% slidvén ia FFII@PZFJ eHEphbtoafc ;hhl lectronic
resent | ve t tica st ac
E"GWBP‘P%HS %@ gﬁgéaéﬁ‘s]ffpr?o{ fou) exppp ﬂ‘f’%"eg‘égefzm\%i‘tlﬂors
wmﬁas&e@ﬁa%rdo asegs, ake@brs @ﬁu the hﬁ@ aFH &ypogﬁﬁwmlﬁ Q&Erea 200 that
access to the optlcal coupl i ng

(i
TBFOUPHH (8 APFPY 1) g™ FPereﬁﬁlY?dé’él%aléﬁ%‘P iffﬁ’@H q?acaé &/Qy Jegnent
a5 . WehdcorBn@!vaiad thé E@Lem v ERRh St ie‘astto%el%&thﬁde'@ A0 14 ﬂtuated in
the particular architecture as shown jn

prtacker onfiadratignetith pi-based IC 12, with electrical contacts formed to bond
pad sites 74 of underlying multi-layer stack 72, as shown in FIGs. 6 and 7. As shown in

FIG. 7, separate electronic ICs 110-1 and 110-2 may be contacted to photonic functions

7
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200 that is coupled (in a manner not shown) to receive

I f .
3R A B S e TP il L ST 22, Kot
dhdast raopidesite narhberiof swmmd@ﬁomin IGs seslekmitioned over SOL-based

' I i I
JONE L A bl pIO R ARE el fordea Mo o8 BERIG Bl e
rfubdtiondldy ef the ek o;?cQ—eIea‘sorsmMmrm ™ \FGH@ alléwa frd modifiagtions to
SB0UG  ie yAS BB ShBEAALT A5 0 o
eezmtromu ﬂpmay eehntmysea mmmy albmelpoario’thana oinsgh@edincé ampliferdr a
d desi b f
SEiE o BRE FEL MGt HEISER BB BRI Th 0 apoll
S@hﬁ@m&&ﬂ with SCx- baRIHC]?]IlI i }hlhmhé eled@ionite magdke atViminge Bfstate-
n or e oo
et Froplieds I frerrisarsitaSeinplge i HRAIY fova (B ohs

V&ﬁfférelﬁ?eecﬂhél@giés (f&rexam bfbuﬂ@d:MO)%Bt(Q/I?S iﬁﬂ%—déplet%skel in
t he arlous ctric re nent or the system
PR3 é ted gQﬁéﬂ@r@@% HoRtMOE Sid E/Qﬁﬁqu@ﬂa STRABMY
?r&féﬁﬁb ito B@ Qieh Q¥itheh thé AT SRR dRRGE oﬁt”l’ﬁizb fHle§lerfB¥matce of the
river nodule, etc. Mdyreover, the use of separate

dhgvdpdife Tlh%fqrfﬁ ag oug teehiglogy RN Hthe jeEinfig gemponents do not
e BARGElehdinckied ﬁvInQQEvéaﬁleﬁI SRR &Bé’nste@ lés?well as
advant age of stateof- the-art devel opnents in
gﬁ@@wéimﬁgtom@élfﬁﬁ&r@wmpmad yngEMsw for a "ni x of

di ff eﬁFﬁﬁltS ﬁlﬁ&&'ﬂs@l lﬁg'cﬁ§a\>(dc fde%mlvgmatgﬂlo%th%ﬁecture of FIG.
Bi CMOS, l'y-depl e partially-depleted SO,

sk wvéimemthsa queh rwmﬁe elsitt@@lccm@(hh end, 30 Durs tempelvgs stacked
Hh 997@1%%8%))%1%&1 %Wel%t&ﬁ%CQCt3b§ 1%%?5 g&gfrlﬁpggle@tﬁcélel

optim ze t ormance of the in

Tieadasiftobend pas! sacﬁe7 4d starol b gy hidcednessuch bectraairdiChPAgare

gs QPQ‘IOS?%dg&#o Eﬁx\é?a ‘%e fred furfbHs 'o??egﬁx%% ﬁlﬁ%ﬁ%ﬁi@ ¥Cs may be
eve ‘opnent” an rica expenses, as well "as

rusell cAltqgnatively, 4 conrténatiet of trhc alIrdmgemﬂps oRiGs ﬁrmfggﬁmshmsed
ﬂe%l rlﬁg g)nf;lg%?g,traﬁ)tl&rgl’ltgﬁ {ﬂg’gtﬁ%%de %\gla:y Iag &S?H tcw%lterconnect Yaﬁlous

eqoamﬁxt bonmpladi sifHs §4.edsacilras progide @serd@dtilg eomie G0 +@2S@r layer 18 or

o ane ik hB55a0cuth & 8Bl el BR Rl paiiebwn in
hbenﬂe thet 2ddvion df p pelysilidoadayédtoah SS-dased BﬁtlcaWtrLloeJre ﬁllllQJWs for

i f Batip it g opEal s Ra PR ERE Brough flemiiure” As shown,

Qipggdl H/Uhoﬁpﬂllféfseléﬂgéht Bsitlkgalht aé&ﬁa@fae?l@lt::a}ttégl V)] thlélcase dlsposed over
conbi natj on of fhe arrapngenments o

FePNRPT cipaset $Phigyerd Srilbys, gyen ahoaslarha@rrﬁsgeaﬁm of MG
m&n@hhdsé@éﬂaﬂ(\hﬁﬁco’ﬁi‘&icﬁé(ﬁcd{hﬁﬁﬁt%@ of dRIOEROARLIptoLaledtRfes, the
speCIf bond pad sites 74, as well as provide a

tpfiFal ﬁgfrﬁ?s IRtV fiPisdy mpigrasnt18 or an

i nternedi ate region 330 (such as polysilicon or a

doped silicon area). As is known in the art, the
addition of a polysilicon layer to an SO - based

optical structure allows for




enhanced mani pul ati on of an optical signal propagating
t hrough the structure. As shown, optical 1/0O coupling

web@ams237 s situated at a separate | ocation, iPCT/OER06/004108
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case di sposed over a portion of exposed SO |ayer 18.

ﬂ#tv %vendthough the arrangenent of FIG 8 conprises
€ %ff@%ﬁysconpllcated conbi nation of el ectronics
and opto-electronics, the optical interface remains

A over f1 duteryelP Btsd e ReaRgR aend ok e PRl g e

| anfaeghddhechngirisihigi ts, the arrangenent conprising a

silicon: on- |nsul r base o el ectranic .

i nt egPatlisgner r“},SH é%@ggf‘%“/f‘ Aoz e"F %tm%@?c{ §Uegth comprising at
sudlasa ma&clm, suBdiratel) meilhtmdecaate dif@leeﬂrle ;Hyéﬂ ﬁdlaam@ﬁveaﬁsﬂlmmcon

rel ative in siljcon surface |ayer

vivtRced@ter z%ﬂgiwr)pyg PRHYeapd passitve %rgwlcdégl%ﬁor@%ﬁ in ﬁf lggst the
Is{;{aﬁyethe SO layer; at |east one silicon-based

el ectronic |ntegrated circuit disposed to vertlcaIIH

st ack 2huetsh ongralicserbagpdesdsgtrone Bisgraicd GGt disposed iy vertisally stack
cmﬂme soaBskeR bpeéte%%tr&h@ ﬁﬁég‘ra@éﬂ cile@ aﬁcq&roﬁuaaeéﬁcm control
thereto; and an optical input/output coupling el ement
cﬁ%@@é@ﬂﬂPﬁméonjunctlon with the SO |ayer of the

verticg bbﬁcaﬁ&ﬁ%@bu@& ﬁﬂﬂ%&@nﬁént ng&s%‘m c%nﬁlﬂ&li(ﬁlavl’lth the SOI

S|gnals I nto and out ased opto-electronic
i lﬁxeé gf the sertiedllycsticked @rangqm@nt/f@rcpumgbwtyalﬁlml@e@ro and out of the

ur a?ﬁ@% ?1@&1'0%5:&11@?& teiRirGli@l M 1 wherein the

I ntegrate CIrCUItS are stacked such that
the at. Thasertionlly stickddoonngrawethsalefudriopliain il mthergirathe plurality

S\(}ftrixﬁ%'%r%tgﬁ éa‘i{l'_lt% g%é%gkeﬁssual t??[tﬂ{l ?a[grlléagtyo%‘[: tsﬁ’ fcor} Pa% dé él@cﬁlléalct
dispesddiraves dsposdd ad 2 baast laynn efthe lsﬂado M/-liﬂla]&eﬁDI based opto-

eeltle%? tﬁrrug rllrlltggrrgrﬂé emsn: ?sggs%lg rg?eyr ﬁ%la af?’lﬁas P%e Srlrf c%)tnvla%gelerd eeYerclztromc
ﬁnmgﬁwpbum&ilty of nmetallic contacts is forned on a

top s ased tozel ect

b coPart Tl il rRtE bR BitrR hgR g twising fit
qﬂmﬁl@tgztos mietalltt coprase th foimed oh@posiifasCef tinf S@]hlﬁasett oﬂt@alsttromc
ane sil.icon-based elect

ron r at ircu
S aietie iy SR Aot P oA aelio e fRGH phe o sirtace
tdTitieded @ast dak silibén-Sskd amdxc@mé@a@di EieduitORite a bRty et ed
pRATEEN R IE E EC
tdcoi ghe Soalthavieh bf tﬁaHetéllﬁcto@ﬁt'é&Q ardy rﬁ@eﬂlﬂ@éﬁ&ﬁ&s fofnind Bi€ctrical
vertlcaII%@stacked arrangenent as defined in claim?2

v erahstheudiorgheaticalp packed azinegWew circuit is
f1i p- ghithe RAREAH stRkddBraRlen BPRIdARNR i8 blalk 0 WHRRSEMe SOI-

based opto-electronic circuit is flip-chip bonded to the at least one silicon-based

electronic integrated circuit.

5. The vertically stacked arrangement as defined in claim 2 wherein a plurality of
metallic contacts are formed on a bottom surface of the at least one silicon-based
electronic integrated circuit and a plurality of associated metallized vias are formed

through the thickness of the at least one silicon-based electronic integrated circuit and the
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electronic integrated circuit. 5. The vertically
st acked arrangenent as defined in claim2 wherein a

w@bawag428y of nmetallic contacts are fornmed on BCDUB1006004108

surface of the at | east one silicon-based el ectronic

| € t

SCHRARAEE- St cn B o Bid! o Rl RRARL A sl gt

tthreught the mcall&m@cmdlam@ma%ed el ectronic integrated

Ci r cuit I

conbi Ea?ﬁ%ﬁer{l& ?g&clpe%%?r? e%&tegt as dgfﬂed%'f| Igm{: (thlgI{e&l 'thd Qﬁrahty

tolfi metaﬁrctqon‘abﬂs pn ﬁteamtted sanfaca n@éﬁrelnltast Gne siltcen«besethel}aaﬂrdnyc
rei,n the

ﬁ'i‘te%ﬁeg Fy"“&f”%éfpﬂs?c} ® °8%’f‘ﬁt SS°°‘Q“"‘? %ré“tga ‘{”F‘“ﬁw%é’%rflf ace

of the. &he vatsdlycmnekesl akmn:gnmebla&seldﬁm:ldem tlamni evherein the plurality

TR SR st Bty PSR oS G e gy

sﬂi@cieads &femaﬂ@ﬁmpporaﬁtegﬁfddm&dult Kvith ltig amlehstvune Bigitoh-bdsed

ural.it nte G’@d C|r U|t are st dsuahthg\t
’“%t‘f EPPt&Fﬁ OMEPYt Foup 0 e aposed at
tsB@raﬁ@t&:ﬁmns SW?WSOII 1RNee Of tBE SQI BAse€ U;btbsele‘dtr&rhc tif®itathe
| east. one SI|I?OH based el ectronic |nte rat rc
Sk ader R Rb NS FIMPH IS & MU BT Ic aﬁaglbfﬁ

HetweBR He B 141REAd 1B |QN¥EIne siBoEbAsed a)i&fon(bfmttegt@ted circuit, the
SA - based opto-electronic circuit, the stacked

Atack ighdinge Hupkithof bendrpads o rgvidingglegtricplgpapections to external
diygb&ctric/nmetal lic stack fornmed between the SO |ayer
and the at |east one silicon-based electronic
i nt egBatlbelvertigadlyistackedperangement gsdlefinpdiimeglaim miergin the atdgast
BB Gi1iPG st PLIc AN it AGief LEGH i ARLcnEPIIARGE o WSodn8 pads of t
exterln&ﬁd ésourgesf) 1 %}th vertllcail%lcy st acked pacs ot e
anylargyensiank. as defl ned in claim7 wherein the at |east
one sil t:
£1 p- '8th9 g%rﬁ%lzlg(i‘%ag et%ﬁatrtrag%h%nfﬁ @ﬁﬁ 1§ élﬁﬁnz %ﬁ%{err{ tRe at least
sinasikicordbasihelestontc intaghipd strcamkewraqunéwgtemoné@ads of the

I R cI aim7 wherein the at |east one
qgﬁléa?g %gcsled el ectronic integrated circuit is
wi rebonded to the bond pads of the nulti-I|ayer stack.
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