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THROUGH VI A HEAT SI NKS AND ASSCOCI ATED FABRI CATI ON METHODS FI ELD OF THE

| NVENTI ONWOhs/opesssent i nvention rel ates to sen conductor adexiuses7and nore
particularly to through-via vertical interconnects and through-via heat
sinks and related methods 5 for fabricating the sane. BACKGROUND OF THE

| NVENTI ON At the advent of the sem conductor industry,
substrate-to-substrate electrical and electro-optic interconnections were
limted to connecting devices by wire bond techniques. This neant that in
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t hrough-via interconnects (i.e., connections nmade from one side of the
substrate through to the opposite side of the substrate) has led to

stacked confiqurations of substrates that exist in a three-dinmen al
rel ati onship. YOt VAQ REER EIG L ?%R?@WE&%%J&B@HQP&V%#@%%%Q

packagi ng design and al |ANDfASSQEEYTRREFAGRIGATHORHMETBIQaRsi ty devi ces,
such as sensor or transducer arrays. Additionally, through-via
i nterconnects provide for interconnections between different series of
devi ces. For exanpl e, anal og diihﬁﬁzﬂaigiﬁgﬁﬁggtﬂﬂiistors or the Iike may
be fabricated on one substrate s, such as data
processing C0”pO@E@§éséﬁ?¥nv@ﬁt1$@¥éﬁdt€ﬁb%Qn%n@uc%&fdw{ie§ YRE hiAL BartiCBIgly
constraints and f cation 20 concerns make It inpractical to conbine the
anal og and dioghtoaghdéavertisl aneraomienglaed teoigt-viatheat sittks spd rélated giethoida
i nt er connect QrOV|de means for connecting dissimlar devices in a
dense, ack S¥AVi ronment . Typical |y, through-via interconnects
are fabricated u5|ng sone | evel of high tenperature processing. For
instance, dielectric |ayersBaArkRGROUNDON TR INYENTTON 1 WO 03/ 019651
PCT/ US02/ 27013 typically formed by a thernmal oxidation process that occurs
at tenperatures iAttheadsent obihe songOndierrindisyly, yubsisele-de-sbstigiesdestiadahg
limts the for tion f the t hr ough- VI t f nd
br ocess (1. esnd PesEratidhREeb e whedimih S RERIREE fofigss by iRl
techmques. This meant that in most instances, the substrates existed in a linear, two-

10 dimensional orientation with wires connecting the desired devices. The advent of
through-via interconnects (i.e., connections made from one side of the substrate
through to the opposite side of the substrate) has led to stacked configurations of
substrates that exist in a three-dimensional relationship. These stacked configurations
provide for a more compact packaging design and allow for fabrication of high-

15 density devices, such as sensor or transducer arrays.

Additionally, through-via interconnects provide for interconnections between
different series of devices. For example, analog devices, such as transistors or the like
may be fabricated on one substrate while digital devices, such as data processing
components may be fabricated on a second substrate. Cost constraints and fabrication

20 concerns make it impractical to combine the analog and digital devices on a single
substrate. Thus, through-via interconnects provide a means for connecting dissimilar
devices in a dense, stacked packaging environment.

Typically, through-via interconnects are fabricated using some level of high

temperature processing. For instance, dielectric layers in the form of oxides are



Most devi ces subsequently fornmed on the substrate woul d be negatively
inpacted 5 froma functionality and reliability perspective if they were to
be subj ecwotos/osessh hi gh tenperature processing at the baekyarsd2/ofo1s he
overal | fabrication process. Back-end processing of the through-via

i nterconnects js_desirabl e due to .the manner in which substrate processing
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ot her known | ow t enperature processes do not.20 provide Lor conf or mal

deposi ti on WA apRECIonErdegicesane farmed onpthick sybyjrais angd thema sigaificpnll ¢ hese
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fabrication of the interconnect nd i nsur roper el ectrical or.optical
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| ow-t enperature processing and conformal deposition w thin high aspect
rati os. Theadhisned.efpes, dieureed pxisisas giany apwlichtiens| toomh thetviigsay §1¢-barkrend
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To date, low temperature processing of through-via interconnects has been
limited to such fabrication techniques as plasma-enhanced chemical vapor deposition
(PECVD). However, PECVD and other known low temperature processes do not
20 provide for conformal deposition within the interior walls of the through-via. In
general, these processes are not able to provide conformal deposition to vias having
high aspect ratios of 3:1, 4:1 or 5:1 (height of via to diameter of via). Conformal
coverage of the walls of the via is required for further fabrication of the interconnect
and insures proper electrical or optical signal transmission through the resulting
25 interconnect.
Therefore, the need exists to develop a through-via interconnect that provides
for low-temperature processing and conformal deposition within high aspect ratios.
The low-temperature processing will allow the through-via interconnects to be formed
at the back-end of the overall semiconductor device processing flow.
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i nterconnects and through-via heat sinks. The devices benefit from an
organic dielectric layer that allows for |owtenperature deposition
processi ngo 0Bhessspw 5 tenperature processing used to for meictasobemugh- vi a

i nterconnects and heat sinks allows for the formation of the interconnects
and heat sinks at any point if,t ' Et' e sem conduct or

devi ce, including post-fornma ; i nd associ at ed

circuitry. The thriugbsent Mv¥@idnl gravidéstor @ot@rthsough-videeficgsent i nvention
are fabricated so as to insure conformal thickness of the various |ayers
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i nt er connect etween a first genera surface of the substrate and
a second genawalstogigddariamitrys UFfeabmwughi-vidhnergsaabsiteracmectsof dreeprpseef er r ed

enbodi nent, the organj¢c .dielectric materi.al onpris a paryl ene terial
such as Par yf¥fIO %r#a_ﬁ?lcq_{f_ SF0PS| U TRRNFR FORAB Y ﬁ’é ssﬁ?%‘é%f@é:laé'gfs tgﬁe

di el ectyg ¢ | RYRhAiREErEdnnsdt coRdtRICEO N EGED, théWBdrcdHReld icaPBS fimelilifa 4 he
substrate is held at a tenperature of |ess than about 300 degrees Cel sius.

Thi s | ow t enpgh atpactaatio,on desiange ofl dbowisl & brsubstratd thicknessneedersonngcbe  f or med
at the back-end of the nmanufacturing process, after active devices and
el ectrical ci'PREtry have been forned on the substrate. 25 Additionally,

the device may comyihSéntdnds édhbédiedintathfdugh-viayefticdiisprostkcodeviédertgur f ace
of the at |east one via between the dielectric |ayer and the first
conductive dexjescompases? WRBEP BaVipg arieast Ape vadomeddhergivs alomgarigeen t he

first nducy.i | . ' e, fq =i ve
| ayer. on moup eGSR, gRE b T RERE: BFLPERRle bl iaCard 4 Bl CALYS 1
i nclude a selapsrdisposudiuni thy didleyey lagirsin Sechsanthtdughfvia sértic] intercdmedct ve
| ayer, the second conductive | ayer serving the purpose of generalky filling
the at | eastbeswesna frst ganertlygiingt sgiee pEthegapssraieass second generally planar

surface of the substrate. In one preferred embodiment, the organic dielectric material
comprises a parylene material such as Parylene C, N or D.

20 In many embodiments of the device, the dielectric layer and first interconnect
layer are disposed while the substrate is held at a temperature of less than about 300
degrees Celsius. This low temperature processing allows for the interconnects to be
formed at the back-end of the manufacturing process, after active devices and
electrical circuitry have been formed on the substrate.

25 Additionally, the device may comprise a diffusion barrier layer disposed on
the surface of the at least one via between the dielectric layer and the first conductive
layer and an adhesion-promoting device disposed between the first conductive layer
and the layer adjacent to the first conductive layer. In most embodiments the through-
via vertical interconnect will include a second conductive layer disposed on the first

30 conductive layer, the second conductive layer serving the purpose of generally filling

the at least one via.



In an alternate enbodi nent of the invention, a nethod for fabricating
through via vertical interconnects conprises the steps of formng at |east
one vi a iwWoa3/0swbst rate, di sposing an organic diel ectric lpayarsoperoihe
surface of the at | east one via and disposing a first conductive
i nterconnect layer on the dielectric_layer such that the.5 .conductive
i nt er connect | ayel FGtaate qmbadigentpf &W@Y?ﬁ“@&amﬁﬁsﬁé nﬁarg@fa%ﬂ%?%%**a

first generghhyRhERRFcoaHEN @SS set R sBipBoF fcﬁ’fﬁl%%él(jea%t sacapch general ly
pl anar surface of the substrate. Additionally, the steps of disposing the

organi ¢ di el abstrite, dsposingenforgasic dicloctdaddyeven thaysurface of the atdegst prdhed whi | e
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i nterconnect |ayer on the first ‘conductive interconnect |ayer such that

t he second clmaisthaviegamighyaspeniedto.| ayer generally fills the at |east one

via. | hese appli,catigps..the first .conductiye |ayer serves eed 25
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step of disposing an adhesion-promoting layer may be necessary to promote adhesion

between the conductive layer and adjacent layers. In most applications it will be

necessary to dispose a second conductive interconnect layer on the first conductive

interconnect layer such that the second conductive interconnect layer generally fills

the at least one via. In these applications the first conductive layer serves as a seed

25 layer for the subsequently formed second conductive layer.

In an alternate embodiment of the invention, a method for semiconductor
manufacturing comprises the steps of fabricating active devices and/or electrical
circuitry on the surface of a semiconductor substrate. Subsequent to the formation of
the active devices and/or electrical circuitry, through-via vertical interconnects are

30 formed in the substrate. Low temperature processing of the through-via vertical

interconnects provides for the interconnects to be fabricated after the other structures,

circuits and devices have been fabricated on the substrate.



circuits and devices have been fabricated on the substrate. -4 WO 03/019651
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stack of two or nore substrates. One or nore of the substrates in the
stack will include one or nore tpr h-via vertical inte onn cts. The one
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substrate, afhe%%mayeréa sdricbiduetor A¥Ee ANBinchidbia’stlck 6ORMsI6E YR | ayer. The
through-via vertical interconnects are typically defined by being
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The through nterclﬁgla?ects serve.to electri o conne t .devi ces and

circuits on§ e N TP IPIGONIRGLS € QRE OR PES r?”% A “substrate in
the stack. Thers&hhsdts eérﬁ;sndlﬁg \]-1@5 fiRie8 il sﬁWrateeaﬁ OrgaRid cﬁélbctﬂé ldyBeangdane

material, e.g., silicon, or the substrates may be fornmed of dissimlar
material s t o ftstemdveirelayre Efﬂp thrapghayid vertisel intsrepsneciapre typipribcdefiged .
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present invention provides for inproved throu h-vi a verttcal i nt ey connects

and t hr ough- bair#e i deviger and qipRuits S 2pRtRETREYH %“b"lhﬁé@ggl Be defateDn £ or m
t he thrgugh a[{gqh I n of

the i n@gr co%%\gtg% lgh%xgg E(ggfeh?lﬂn é;s?ﬁ{aen@ét%?n?él %W;é%l{e% éﬁe:k?l}:){atﬁt%%h%ﬁ t he
sem conduct ose foerawd cﬁdlssmdhmdauegalpmaecbmmmihtanheouﬁcahamd glectceoptoel and

B esent | nveitEioaYeAdEP T Bt OV bREHE P PR RO LR Rl of
the various A@Yﬁﬁﬁtﬁr@@ﬁla{&E)de%dd&ﬁﬁﬁ&@%ﬁfo?ﬁéﬁﬁl’b%ﬂ%ughﬁ&e &itiedty of he
i nterconnects can be formed with a high aspect ratio, in the range of up

t o about 10:the multiplesubstratarenienadyctonddviteer connect di amet er. BRI EF

DESCRI PTI ONOF T Fi Cr.os n vi ew of

t hrough™vi a vert PE&WDRﬁthéersg%tﬁﬂ‘é@tugn lpﬁovédesgurblgfplr %‘fe% tﬁmu%fég%a&eétaénage with an
enbodi ment  ofntdrétRinBEtS sRMhréuphens hei sinks. gUKRERWRmMPEralire pedcessingseedt tonal
views of various fabrication stages in the processing of through-via

vertical i nt®radhndeough-viningereenngsts @ad hipat lsinkp allomoor thenformation of the

interconnects and heat sinks at any point in the fabrication of the semiconductor
device, including post-formation of active devices and associated circuitry. The

20 through-via vertical interconnects of the present invention are fabricated so as to
insure conformal thickness of the various layers that form the interconnect constructs.
As such, the interconnects can be formed with a high aspect ratio, in the range of up

to about 10:1, substrate thickness to interconnect diameter.

BRIEF DESCRIPTION OF THE DRAWINGS

25 Figure 1 is a cross-sectional view of through-via vertical interconnects in a

substrate, in accordance with an embodiment of the present invention.

Figures 2A-2D are cross-sectional views of various fabrication stages in the
processing of through-via vertical interconnects, in accordance with an embodiment
of the present invention.

30 Figure 3 is a flow diagram of a process for fabricating through-via vertical

interconnects, in accordance with an embodiment of the present invention.



of the present invention. 30 Figure 3 is a flow diagram of a process for
fabricating through-via vertical interconnects, in accordance with an
enbodi nenwoaB/ot$es1 present i nvention. -5 WO 03/ 019651 PCT/ B8Qa/saz0n33 Fi gure
4 is a top view perspective of through-via vertical interconnects and

t hrough-via heat sink structures, in accardance wt nbodi nt of the
presegt i nvent i oHBUIE4a A LOBVIEY BEIPERLE. ogél?:rf’\‘ 512 V&iq%fép TeHng S%h vi a

heat sink a%&dgﬁwﬁeavglﬁk sBudtBret,iif @bcdrdin8E GARRAGMbotnaR ePTHEdA&entM th an
alternate enmbodiment of the present invention. Fi gure 6 is a

Cross-secti dnadintl@inagr amof a nultiple-substrate sem conductor device

i npl ementing thr ver 1hn qE g Stnks and
adhesi ve bondi ng%gﬁreaclcszgrcr angg&{/?nn% qu&%%%ﬁﬁgﬁ%h %'lg h?‘ﬁ én?letglgﬁl?h WA
inventian. Irirta) Uit€rcdnriest, th &ocORRNCECIth @Iﬂ@lherdatagmamhﬁ‘[enaofmhb piepé@- substrate
sem conductor device inplenenting through-via vertical interconnects and
sol der burrpllﬁﬁentioﬁ accordance with an enbodi nent of the present invention.
DETAI LED DESCRI PT, N OSuWol | be
descri bed nore fulll‘ gj\te(r?e:lrsgéﬁog%%gr Llcq:ja&%g ?ﬁﬁﬂ%ges{]?%ﬂ{t %ﬁle{ccorl%\egnyi ng

dr awi ngs, i rﬁaMiUeahlpmhﬁneng doegibadivarictisnefcohherts, ittroeglt-varhearsnkshodn.  Thi s

i nventi on may, however, be enbodi ed diffe forms and shoul d not
be const r uecAdhesiye Rhprdly ﬂ‘bactcﬁglaéﬁ‘ﬂ)%ﬁi] Eg@g‘cen? %ﬁtﬁﬁpﬁé‘?&“ﬁvemﬁ’%t her, these

enbodi ngnts are pFl@l\fﬂedﬁlg aSfosbRadtichhl (ﬁaghlﬁ(af(asrﬁlﬂﬁpl‘édshbst% §éﬁ95&i&9@to@nd
conplete, and will I'l'y convey the scope of the invention to those skilled

inthe art. df@’ldcumlqmwbeg throegheviatvertichlkisteedopnents and dolden phwoing, B gure 1 is
a cross sectional am o h via, vertical interconnect (TVI) in
accor dance V\?cfﬂ% ‘?‘r@?) ?C?Wn'i(ﬁg PEEBHVEREdht i on. The t hr ough- vi a

vertical interconnect 10 |ncI udes a substrate 12 having one or nore vias 14

formed therein. The subgTAal BEDWESCRIFIION OF THEINVERTHDNI con al t hough any
ot her suitable 25 substrate material may al so be used to formthe

substrate. Exanpl Bre presest ipntaan noapwal %@ﬁ;ssltﬂ?e&treowé%v hefeiaftercvitiie gal i um
ar seni dl% CeJe%ncqu He'd c%rﬁpan%n%%ﬁaﬂ&? i %?chqﬂgferred embodiments of the

invention are shown. This invention may, however, be embodied in many different

forms and should not be construed as limited to the embodiments set forth herein;
rather, these embodiments are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention to those skilled in the art.
20 Like numbers refer to like elements throughout.
Figure 1 is a cross sectional diagram of a through-via vertical interconnect
(TVI) in accordance with an embodiment of the present invention. The through-via
vertical interconnect 10 includes a substrate 12 having one or more vias 14 formed
therein. The substrate will typically comprise silicon although any other suitable
25 substrate material may also be used to form the substrate. Examples of other suitable
substrate materials include gallium arsenide, ceramic materials, glass materials and
the like. The invention provides for vias that can be formed with high aspect ratios,
typically in the range of about 4:1 to about 10:1; substrate thickness to via diameter
ratio. For example, a 500 micrometer thick substrate will be able to accommodate

30 vias having diameters as small as 50 micrometers. Such high aspect ratios are made



the Iike. The invention provides for vias that can be forned wth high
aspect ratios, typically in the range of about 4:1 to about 10:1;
substrat ewDlBOkI8ESs to via dianeter ratio. For exanple, 2CFAGImMmOIDMEt Er
thick substrate will be able to accommdate 30 vias having dianmeters as

small as 50 mc. ters h as r at.i,os WO 03/ 019651
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if alowtenperature (i. bel ow 3Q0Q) conf ormal . deposition technique is
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tenperature of about 15 200C. The diel ectric ayer will typically have a

t hi ckness i nbe foemedibybvofemplotditre 5OOessaTgy €5 pm;easmgémtm alBEOB0GAeEseasons,

preferably a€ ut t rou via vertjcal interconnect 10
Bt ruct ure” myasis b R RaRb ATt AAPe. iy BRETaN Dulbbr bpP ustPlGh™ e

di ffusi on bageghirdud, 80cBrasip§rdlyii! REBHH i sropBEQRYIaR touplb®wvithlvaelint usi on of the
subsequent |y forned conductive interconnect material. A 20 diffusion

barrier | ayepolyingtizatippi way bs/ussd to fasmethe fickegtriclaygiat @ Fﬁmﬁg%urmo(—i ahiftt j cal
| nt er ColrgneCt guapp cﬁele%tn% ha%/e{: &ﬁ}‘lyb CQH% HE%' actﬁlc'kﬁes’ﬂ ?1? e rQn .of about 500

hi gh- terrper I'n an 1've application.

In | ow terrpezr@stwrﬁs a:pwoucmoocungstrdmsr;rmefmlbly ab@tﬁ’.@@&ﬁﬁ@tﬁbniso construct the
i nterconnect of the present invention with a diffusion_ barrier |l ayer. The
di ffusion barrier Tbaylgpushsvwsﬁ@ah interegnaess d  gtrpeiegn o lvgdraptionsly 25

tenperature GMDGBH piRiE G630 FIRUILANEarridiByd il {AEABn BRI preledtayer may

be forned
thermal diffusion of the subsequently formed conductive interconnect material. A

20 diffusion barrier layer will typically be implemented in the through-via vertical
interconnect structure if the resulting device is used in a high-temperature application,
€.g., a sensor in an automotive application. In low temperature applications it may not
be necessary to construct the interconnect of the present invention with a diffusion
barrier layer. The diffusion barrier layer is typically disposed using conventional low-

25 temperature CVD or sputtering techniques. The diffusion barrier layer may be formed
of a refractory-metal nitride material, such as titanium nitride (TiN). It is also
possible to implement other nitride materials, such as silicon nitride (SiNy), tantalum
nitride (TaN), hafnium nitride (HfN) or the like. The diffusion barrier layer will
typically have a thickness in the range of about 500 angstroms to about 5000

30 angstroms, preferably about 2000 angstroms.

It may also be advantageous to form an optional adhesion-promoting layer 22

between the dielectric layer 18 and the subsequently formed conductive interconnect
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of a refractory-nmetal nitride material, such as titaniumnitride (TiN). It
is also possible to inplenent other nitride materials, such as silicon
nitride (WoNgpiesantalum nitride (TaN), hafniumnitride (PdtN)sooe7oihe |ike.
The diffusion barrier layer will typically have a thickness in the range

of about 500 angstronms fo about 5000 an pr ef er about 2000
angstromns. ‘Tﬂa‘i’?’é@lsal@ds keovayaathe cﬂﬁg gty s@ﬁ tg%a%ﬁfl?‘}}’rfﬁpguyl

adhesi on- pr @V@srcogge akaetgm%%vs BSordBL &G EHafack@WBEs Al refdlrd &
subsequent |y condu ive interconnect -7 WO 03/019651 P /U802/27013

mat eri al s. Aalhnes;okmmnotbytotmm@pnopermd&iemmso asliicknt layers ieheconstretnyin

conducti ve terials.su as co ol ha oqr..adhesi on

char act eri st 0% %R c?tg)aa?t}aér%uegﬁff ag? %8 ﬁ a}fjsiﬁ}oé] rﬁl%eﬁé?‘yeﬁdhem on
to adj agent hay 61"05/1de%d%ﬁ\?ht&éﬁh%&ﬁh‘-@?omdtﬂlg chhRsRrisia! 'H‘oaﬂidV@tn%l ippaicaticn@ui re a
di ffusion barrier layer 20, the diffusion barrier |ayer may provide

adequat e ad h‘@bleldOmObmmrﬁg dd‘ﬁam&aéwréweb 8t appbgRtiass n Whlohﬁlm digtisiopns
which d t di ff h th
1 eh 90 LSO el CHSH AL E8peb B BF AR L ERLLALS bk bl i € he

char act eri sthez8ssaty toiyoige fol@cessae ydﬁe@lonr;@umdeng hyera mmahaicm-
adhesi on-pronoting | ayer. The adhesion pronoting. | ayer be f rmed of TiN
or any ot herPreUIotiASlayehEeKPs gknneftﬁéT%wad?ﬁherfsltﬁ}l%ﬁ?@fqrﬁé |T§§‘ré &Riony

typi cal gy yrg}ﬂ%“hg asylégﬁout[ybf%slg)hﬁa\feaar\gﬁkﬂéss Reta o@'ﬂgﬁtrﬂrﬁﬁgétfbmsatgom 200

angstrons, era angstrons. The adhesi on-pronoting | ayer
can be f or mesbony2@partgseomapreferadlyyabothE0 angsttai. ellecdhteomperamaimeg lpyencess.

The through-via vertical interconnect 10 . include a first conductive
layer 24 di A Y PREFTIRG 43y QHier émeLq IRt PRCTIRUYGPIOFES Sy, f

required, the difisfaf, %Emmérheaﬁrmtl:ﬁuﬁ{eceﬁo QA1 tdRide ARSI RRARIREDENg | ayer
22. For vias having a Iarge dianeter the first conductive |ayer nay act as

a seed | ayer24 dispaed ubséhﬂmm orgarfio dredat triceleyerd 8 o oifi chawired,dhe élf 1096 t hat

fill h he .f L I
o B, e A s B 2SS ek

any ot her S%Eqi@ét%ohmlwm&rﬁwm aPh 8&RSayer The Jubﬁ@hemﬂ%ﬂﬁéd y&ohdyer may
20 conprise copper, gold or any other suitable conductive material. The

first conducmnﬁlectmedmr 26ithat filly p halviajnteatiesty. hThedirsteonductivedayeaige of
about 0.5 m CLOMES Blifieh By 3 mdlh%: QR SlediclVED& APbGPRHOCYBY oS

or any other suitable low-temperature process. The first conductive layer may

20 comprise copper, gold or any other suitable conductive material. The first conductive
layer will typically have a thickness in the range of about 0.5 micrometers to 5
micrometers, preferably about 1 micrometer.

In large via structures it may be necessary to fill the vias in their entirety with

an optional second conductive layer 26. The processing of the second conductive

25 layer will typically occur after a masking operation has defined the areas 28 on the
surface of the substrate 12 that will form the conductive interconnect contacts leading
to active devices (not shown in Figure 1). The second conductive layer is typically
formed by an electro-chemical deposition technique or any other suitable low-
temperature process. The second conductive layer may comprise copper, gold or any

30 other suitable conductive material and will typically be equivalent to the material used
to form the first conductive layer. The thickness of the second conductive layer will

generally be dictated by the diameter of the via that requires filling.
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In large via structures it may be necessary to fill the vias in their
entirety with an optional second conductive |ayer 26. The processing of

t he seconwoasndest i ve 25 |ayer will typically occur after paTrEsskTogs
operation has defined the areas 28 on the surface of the substrate 12 that

wll formthe conducti i nt erconnect .contacts | eadi.n to active devices
(not shown in Fi Sﬁg%rei)\ég‘l' a?e‘if%ﬁ(feﬁtﬂﬂ’i’&[] gvglspiyé?oﬁssta[gﬁ)}ncti}ﬁ y forned

by an el ect r §pGHR1%h GRbceSePOSthtdu@R-vi £ FdMId £l RerRbnReY dH RS In Sidbidaidetwitiou
tenperature process. The second conductive |ayer may conprise copper, gold

or any 30 otiethod of mabufactoung ewbodimeneafshé plesent thvgntion. t Thy hri¢ajiope
equivalent to the.material used to formt.he first c tive | ry The

t hi ckness of PPHE® EE”@‘SW&“@A%‘H%%TP%W% FOSU Ithalt 6@%‘%‘? éjl?l(tjl%(&%%h dllaélt% éféaéﬂd by the
di amet ers of ffgcotinactt RAbe foaeed biethefsubdtiateafter 8ctiv d3iced Sabdirdaily hase2/ 27013
Figures 2A - 2D are cross-sectional diagrans of various stages in the
fabrication paepdesiwaw. a t hrough-via vertical interconnect device, in

accordance with a%i Hi%tZ[K) geﬁ)%ts g%fb%-@@c%ﬁ%lg%@g%@%ﬁbﬁ%@ﬁ s%stlla{%euq{a%rﬁ%%e .

invention. The fabricatl o process 1np OW-t enper at ure processi ng
that al |l ows éranoreMimughforthal therein. CBypidallyitetad thopeagtsc patebeng crusediton t he
substrate after active devices and circuitry have .beeﬁ]a]{)eggri cated. Figure

2A depicts adeding ead gattqm M_glf’éf)?‘ég’_@ﬁ’tl%‘ia@nwg‘?re glejs‘ﬂﬁss‘f’ CI2havitiy one
or Imor ey asth%éa%%ﬂ%%eﬁﬂ@srtﬁéfb ioh¥PArCAH ProcBadueh bi BQgraRkive- iRAdERRRI Ng 1S

used to defin attern the regions on the substrate where the Vias
wil |l be fornsdmpEneateiido tleetefagh-aspactrirodeli substratetveasr egi ons, an etch

process, such as dee eactive-ion et.chin is.inm ted to create
G aspect t hr oudB LRSS sTosEs kPt Pebroh R Bt T MoPE A b na
represent at i ferQfnnbhQrhQuAUBNoWING ¥BRdtioR S thd AILIBEEIONARELS 8hd thelopti®nal
followng formation of the dielectric |ayer 18 and the optional diffusion

barrier | ayediffasion Phmicdlaybet. rThe dielgetric layedis slisposad Wylowsamperapes at ure 15

processjng; i.e...processing bel.ow aho 3 [ i
preferably a?f8ﬁ‘?ssmgdoec. pr&%ersgg% E%LBWea,%O‘ét%Oé)p‘%gregﬁgggﬁgéﬁ}s ?’f#%%&? )33?1% que,
such as pyr opoieCe Fofl eaaifilesd Vapoiipleee pépditioh téthhi2@e) suehpepablytie

pol yneri zation may be used to form the dielectric | ayer at a tenperature
of about 200&comppgiiion Feupdedowith Brom feaweratyrg rlvarerizatinsl may hgused i fsmer |

heating the 20 tRe ﬁyé:rra%ﬁIféxﬂ&rﬁtﬁ%@%&@%@"@. lij’y?(ﬂ%ic decomposition

involves vaporizing a monomer, heating the vapor to a cracking temperature to break

20 bonds and condensing the products on the surface of the substrate to form a polymer
(i.e., surface polymerization). While the vapor in the process exceeds the low
temperature threshold of about 300°C, the substrate construct is kept at a low
temperature (i.e., typically room temperature) to facilitate the surface polymerization
process. The diffusion barrier layer is disposed by a low temperature processing

25 technique, such as metal-organic chemical vapor deposition (MOCVD), ion beam
sputtering deposition (IBSD) or a similar deposition process.

Figure 2C depicts a cross-sectional representation of the through-via vertical

interconnect structure following formation of the optional adhesion promoting layer
22 and the first conductive layer 24. The optional adhesion-promoting layer is

30 typically used to promote adhesion between the subsequently formed conductive layer
and the dielectric or diffusion barrier layers. The adhesion promoting layer may be

disposed by a conventional sputtering technique or any other suitable semiconductor
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20 bonds and condensing the products on the surface of the substrate to
forma polyner (i.e., surface polynerization). Wile the vapor in the
process ewoasmsisshe | ow tenperature threshold of about 3@0C/Usbbrerossibstrate
construct is kept at a low tenperature (i.e., typically roomtenperature)

to facilitate the surface pol yneri i rocess. ,The. dj.ffusjon bayrier
ayer is i <RoSoR el gR AL IEart aihs 1 RoRa R 1St i e L AnE S8 ns
net al - or gani t%m%@ﬁﬂir@ BlockaRaY telBR@R! SicAnRs MBEVD), IBSDRr ATl arSBiidogdudier
deposition (IBSD) or a simlar deposition process. Figure 2C depicts a

cross-sect i opratessimgrteshoiguat lrolargsfdiarheten Hasothg first icandustive taer forms theseethect

structure foJlowng,.formation of t optiqnal hesi r i . er 22
ond the 1 r o EaRETE R hiEsthg bl 3Bt Sha RADE R BRI O o7 o 22
30 typi cal | yitggeettyo pronote adhesi on between the subsequently forned
conductive layer _and the dielectric or diffusiqgn barrier |ayers. The

adhesi on pronot i ngigresed? depigts Berosgrsegsignd dliagrar of distBroughyia Vbl t er i ng

adhesi on pro RIS BTOsEHE ‘
e/ Usoz! 27018 iERaarRle Pb R E AR sothd G RN 28t ve

| ayer is di splasetiatisn &gl & dppivnalt paspeatmhlayer f0.0Tbs passiyatie layerchedps tseuch as
MOCVD, IBSD or a simlar sem.canductor rocessi ng techni que. .In | arge

di amet er vi alroteqkt _ ich‘t“tré(&H@iGE‘le‘?Fecﬁlhﬁ?éﬁs f ﬁiay{e alégﬁg‘fb”ﬁgﬁéﬁof‘b? o
subsequgnt PEAGERIAGGME of Bigasie HoRdiaf QNAES diN&on! A&, siabis Ritfidld, kicbRe via in
5its entirety. Figure 2D depicts a cross-sectional diagram of.the

t hr ough- vi a eemitridelpolyimideradenacyclsbuterst (AEB)F dihe passiptibodapgt wdh of t he

second conductiv ayer,. 2 pl.anari.zation and. an optional ssivation
ayer 30 THaPisAR b it Rhes By R S Hhis mER 1 R E BRI an
devi ces. The passjhtst theBedodd @ondiRMvORyEDY ik dafcRfed tHose @reddofHé firb! €
i norganic or organic material, such as silicon oxide, silicon nitride,

silicon oxy¢indpetie layss2¢ithat de net unslsHiedhy stcopd censbiciiBdByer arpeeniysdi vat i on
| id | ically h .t hi 5 i bout
85t cFormer YRR oM RN BE RG] 1oGRBLs oo BOERRTREBE B Phose

areas of thecdndu&ive la@ndTaE bylkshl pry@ks vl Edpabe Birknotkithkrdes dicrclricdayeedsnd
conductive |layer are renoved. 15 Tyﬁi cal |1¥' a chenmical polish process is
used to renothe diffiesien basrier layes 28/or.1a5 shgwn gy Figeis b the adhesigs proma{imgdeyer sh

process wil| Zf)SBB&s%lupﬂqg tﬁec}eﬁliobwoliE}bﬁrogés‘:s‘in%(ﬁlé &ﬁidn@yﬁi’ssﬁgﬁon layer is

disposed on the exposed areas of the dielectric layer 18, the diffusion barrier layer 20

20 or, as shown in Figure 2D, the adhesion promoting layer 22. Typically, the
passivation layer will comprise an organic dielectric material, such as
benzocyclobutene (BCB) or an organic dielectric material, such as silicon oxynitride.

Figure 3 is a flow diagram of the processing steps implemented to fabricate

the through-via vertical interconnect device, in accordance with an embodiment of the

25 present invention. The fabrication process provides for low temperature processing
throughout, thus allowing for the vias to be formed after the fabrication of active
circuitry on the substrate. At step 100 one or more vias are formed in a substrate,
typically an etch process is used to form vias having a high aspect ratio, such as deep
reactive-ion etching or the like.

30 At step 110, an organic dielectric layer is disposed on the substrate and the
interior surface of the one or more vias. The dielectric material will typically be

disposed by a low temperature process that provides for the substrate to be held at a
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the diffusion barrier |ayer 20 or, as shown in Figure 2D, the adhesion
pronoting | ayer 22. Subsequent to the renoval/polish processing the
opti onal wassiovmsion |ayer is disposed on the exposed ar®ag/ush2/tves
dielectric layer 18, the diffusion barrier | ayer 20 20 or, as shown in

ger cw 1] t%ﬁ@?%@ﬁg hefour i Aot Ep1ES kS epogﬁleﬁgiéhepo?ss' ystion
ayer wi c

benzocycl obudieRetric BGR} taRes grac@ rmrékﬁnﬁ'l'eeé}@&z( it GedBRipREItRh pr@dé@sfhg’lﬁla? bticon
oxynitride. Figure is a flow diagram of e processing steps 1nplenented

to fabricat euse h\életerby@ugcmomea IS/‘e&pDDégl thermapeicis aeted tajegragleng FW%@Tﬁdance

with an enbodl pr.es The fabrication process
provi des foraq %r}%%en% rlljzraglgnrog%uerggéﬁhge%%{ﬁﬁ%t hout thus allow ng for the

vias tose for n’EdAﬁé}itanaHﬂ@ iabaldﬁmsmrba@fﬁera@}tdrwdlsmse@un theydi€lacttibe
substrate. At Stﬁ% 100 one or nore vias are forned in a substrate,
typi cal | y anlagere Thediffusian bagrigrdaver peevepss ﬁh%h@@%é‘fﬁﬁ@’%%@b%%ﬁé‘@t ratio,

such as deep, I organic
dielectric Ilgterég&ﬁéétégéélg%eghgﬁ{ ﬁﬁleogsb&h&@ i teg%g}rgﬁa%dﬁg [ n ?’%%rftgﬂrface of
the one or nmlﬂtmg d@llce'ﬁlsemﬂ]eﬁieﬁ'@ﬂriil bigh¢mpdraturerdplicatyomisc &l loyw ﬂampeﬂtwpos ed
by a |low tenperature process.th pro es for.the subs e held at
2730 0 03/ BrbesEnacs Desp sprmeRt & Rn Rt e U6 o006 ddgr cos

Cel si usjgahi | gii8l HEPER, bih hRfon REMOEBARYE is &il'sﬁ‘és%@t)ﬁ 'eﬁhér%}f{@ﬂlete@iﬂés pl ace.

For exanple, ‘pyrol ytic deconposi ti on processing may be used whereby a
mononer is viaparor zleckllfﬁlhen \eypor Thesadhesioregromptimgdayse Riaydetreqmed 4 ure  and

f | trat {1 | t 120,
it £ st on banrisre 1daget PEEFe i diclecsi Bt ity dpblon B Blr SERG 7 s Pon
barrier | ayefubRé@R¥ei} foribécdiREnvd lagd! fTypically, @bndueeive (Hi*@x%‘ah!eﬁ@ls such as

interconnect material. The diffusion barrier |layer wll pi cal Q/
required if edpger, gelsiwlndrﬂrfghlm@q@ée drsadhappepEomaEng 1@1}’6!11?“@1%“ ieigpidy adhgreco

appl i Ca1t§ Ons, |hF IunderF ﬁrr&e T?lg sman%) lrrld&eiéxe? nrgd the%h@s? d {O%Otlﬁgé nt a

di ffusion ba opt'1 ona

adhesi on pr owiit typgalllyayemsp&edbym@\eder@pn:ramtermocetsh&ladplewms fdrche d;ubyme or the
di ffusion | ayer. The adhesi on- gerom)tl ng{ola yer may be required to pronote
adhesi on bet%é@rhequé adppaaturs pelpwphoutay00drgrees €¢lsi¥son barrier |ayer and

the subsequently,f 85157?5’0, GRNENELIndGet BN fercomdlt ‘fa@lﬂl % ’dlébgmlt fye layer

materi al s, such as
dielectric layer (or intermediary layers, such as the diffusion barrier layer or the

20 adhesion promoting layer). The first conductive interconnect layer will be disposed
such that the conductive interconnect layer forms a through-via electrical interconnect
between the first generally planar surface of the substrate and the second generally
planar surface of the substrate. The first conductive layer will typically be formed by
low temperature processing that provides for the substrate to be held at a temperature

25 below about 300°C. For example the first conductive layer may be formed by
MOCVD processing techniques or the like.

At optional steps 150 and 160, lithographic patterning occurs whereby a
photoresist is disposed, patterned and masked to define the via regions and the
conductive contacts leading from the vias. In instances in which the through-via

30 vertical interconnects have large via diameters, a second conductive layer will be
disposed to fill the via in its entirety. The second conductive layer will typically be

formed by low temperature processing that provides for the substrate to be held at a
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copper, gold and the |like require an adhesion-pronoting |ayer to
sufficiently adhere to 15 the underlying |ayer. The diffusion barrier |ayer
and t he awbagioovsspronoting |layer wll typically be di spored/usp2aroidw
tenperature process that provides for the substrate to be held at a

tenperature bel ow aboyt 300 degrees Celsius. At step 140, the first
conduct i ve itﬁ%?@%ﬁﬁaf’wlag%&q%s d?grpm&l%ﬁets?@ndﬁg’éq}‘@é‘f’? saé’eli rél‘%ﬁe(or .

i nt er medi ar yfohﬁ%’@ﬁy?_eon%ﬁt‘i’brﬁ?elE&%p‘i‘dtfnfglléd_hﬂ{huQ%{ helikbayer or the 20 adhesion
pronoting layer). "The first conductive interconnect |layer will be disposed

such that the coriigatidie aiptineriewdragom hiad/Bigufedy gt caosstsedinyial dingraml ofct r i cal

i nt er connect etween the firs ner al.l. | anar rface,of th ubstrate
and the secJ}F&Pﬂ%gpéﬂt‘frf/%_laﬁ%Lat’rgg@mc?%géxB&S?Ihgltgalges%%l{g&wafﬁeeﬁf zlﬁr st
conductisve |iapedonnbdd, ih ¥@oedinky with ah @rtemekeRybolipieénk 6FPRMAESUAENPEMBIOASSI NY
that provides for the substrate to be held at a tenperature 25 bel ow about

300C. For exBmpiemieanduetor subseaind0des ipsmped hereingye plampisrhipatisipk aparuessD
Pl Choor aphi Charic st abdfrmifbe MRl Siing b Berhndindfid st tine

patterned anginpainechtionaleieiniel efeRingiod nieelinidud newhinirdgemethodidUabhye cont act s
| eading fromthe vias. In instances in which the through-via 30 vertical

i nt er connect&ntpdiientaf ghe ipyentiandbreansriure 1g foraed by adbinys afer PRPEPPIGI | | be
di sposgg to Jﬂel;r}icatl Q@h%'ﬁqfdg\%{vic{ubs Tﬁ@héeft@frﬁé-apg_ﬁ?r&%f’ GAPEL e duder Wil

typically be or e enperature processing 1hat provi des for the
substrat e t ahbearhettdh ptocass thatfoin B8 (1Gd P 6w afeCintISORICR 14842, shorpr At ur e
bel ow about 1§,OOC. Faor_.exanpl e t he second conductive |layer may be forned by
convent i onal 181‘@&4“8;5‘%‘{?38 techni ques or the like. Figure 4 is a plan view

di agram and Fi gur ¢, felefbBdih@® Shovafin gt 403 BB stricth€a4 isSdeBigndd fmuct ur e
that may be fabricated in unison with tThe through-via vertical 5
i nt er connectasmuitiplabroeldeanfigurition tagivamasiman sudpdsadeaexposwt ta the pr esent

noat i apBRRDFSQT TRgeRAE RNt e Wi PR kehiEiRih §)%athn T g

an openi ng ithe hbf shtsft@iEto sufrbinill .0 a1e b merlovediisipating behhicaigiuotor
mechani cal nachlnlngyyethods. In one enbodinent of the invention the

aperture is dayiaeedo Biat aretfhrmoedon thasehstals sot ropi ¢ 10 cheni cal et ching
techni que. The he@&bs@dtﬂ%t RARkE %o%%ﬁo%ll tjhe h&R'Sﬁﬁl a|p¥rtllﬁ%s H@ EI{Tng sﬁiﬂrgtllaféglo,

the apertures are filled with a thermally conductive material, such as a suitable metal

20 material, preferably nickel, copper or the like. Conventional chemical or mechanical
deposition techniques are typically used to fill the heat sink apertures with the
thermally conductive and form the heat sink structures 44. For example, a
conventional electroplating technique may be used to fill the heat sink apertures. In
this regard, the filling of the apertures with thermally conductive material may be

25 accomplished by the first and/or second conductive layer process steps used to form
the conductive interconnect vias 42.

The heat sink structure will typically be thermally, and characteristically
mechanically, connected to an external cooling device, such as a Peltier device or
other thermoelectric modules (not shown in Figures 1 and 2). The cooling device

30 serves to maintain the metal component of the heat sink at a temperature well below
the operating temperature of the electronic device(s) formed on the substrate. By

natural conduction, heat will flow from the higher temperature regions, i.e., the power
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the sane etch process that forns the through-wafer interconnect vias 42,
shown in Figure 4 and Figure 5. In the enbodi nent shown in Figure 4, the
heat si nkwetmmweissre 44 is designed in a mnultiple-branch eomfusgeeais on to
gi ve maxi mum surface area exposure to the 15 thickness of the substrate.

Additionally, the multjple-branch c$ fi gu ation allows for .the heat sink
structure t dlissipatiggsemicRadusts dsyicapieto W R e {58188 €o Hifuct or

devices 46 ttEﬁatu AivE: fAF SBE s@iktbBe HSHRS thah &t sink RERGHRMonditd ke hbatrgat i on of
the heat sin agertures 40 I1n the substrate 10, the apertures are filled

wi th a ther nh¢ extenehchoting devinmt eri al, such as a suitable nmetal 20

mat eri al, preferabl i.ckel , copper, or the like. wventi onal .chem cal or

nechani cal depogFlblg'%IISEIf é(‘ffﬂ‘??'&ff’glgn%lrrgerVBFa@QPIoga&é%gﬁplfgutfsﬁa% Sttar%g( heat sink
apert ur gs Wihforhbiatihd B oRinl via GOmgMGhic@nidtes {nartmoubR slitahtetetsigis) HCt Ur es

44. For exanple, a <conventional electroplati ng_techni_clue rr%%/ be used to
fill the heacceidpiceapd anuemmbodimant afthespreseghingentiqie Fhelijlpsigptestembpdimentr t ur es

with ther malcl C%ndt eteisYa%}(gﬁigu%rsf.rﬁgs WZ?? aRP2AFERY Ac?ib@qeax st fiodghr St
and/ or second CORAUCTIVE Tayer process steps Use orm thé conductive
i nt er connectyiy véasicfldntercogndreathatsdonkiecs theetive deviddsland yhiproagh-ia hbat didder mal |y,

and characteristically. nechanicaLIy, connected to an external cpoling

devi ce, suclPtastuzesphatidissipairdbe beat gp theqvaral mayllirs %{aé"citmceﬂﬁg‘g’\ﬂsé statgst
shown i Fi -mfﬁﬁp - capki; ' FHB&ink PorMRRIHgBAGUSt he

nmet al c@rrpo%g%fﬁ%% t e’.n%t)'eegtlta1 I-Eg?erikﬁg%ﬂlg&lt%ﬁ%%arﬁgst)’ﬁ?%é\?e%&gélOow t he oSer ating
t enper at ur e iafegtdtion eAkerhatorely titbesubstedtes) miybadissimilat ietesials<t.¢. atibconBy

natural conduction, heat. will flow from the higher _t erature regions,
i.e., the poWéFtr@tﬂs?“aﬁpﬂg?viA@ﬁ%‘?is F@ébgiuﬁ?@‘ggnaif%@?%%é%eﬁﬁm?em conduct or
devices 46 tiﬁtetg%ohpﬂﬁeﬂheteﬁimﬁfn%nvH@pi&t@@hpﬂéure'é e firdtREbstlaly WOHdmpriRe eat
sink structure.” In turn, the heat sink structure conducts the heat to the

external codd firsymdteviacand the speord end tird subsirates 280 ahdAZ0 commprseeseeenid on of a
mul tiple substrate stack .5.0ncorporating,through-via vertical interconnects
and thrlgugh el thgtds léﬁfmgfﬁﬁ qﬁ?ﬁrStB%{:e Lance with an enbodi nent of the

present invent i ony {IdRIykkAtS bhB@eHCRINROLiNMstraG@00Mas gshrbligieeiasieaiiaed
substrates 200, 210 and 220 havi ng active devices,. through- i
interconnect 230 that serves to electrically connect an active device 240 formed in the
first substrate to an active device 250 formed in the second substrate 210. For
example, the first substrate may have an active device in the form of a sensor or
20 detector and this device is connected, through the via, to an analog device, such as an
amplifier, in the second substrate. The second substrate 210 has a through-via vertical
interconnect 260 that serves to connect an active device 270 formed in the second
substrate to active device 280 formed in the third substrate 220. For example, the
second substrate may have an analog device, such as an amplifier and this device is
25 connected, through the via, to a processing or multiplexing device formed in the third
substrate.

Additionally, the first substrate 200 has a through-via heat sink 290 that is
generally aligned and connected to a heat sink structure 300 formed in the second
substrate 210. The generally aligned path provides for a continuous heat flow path to

30 the underlying third substrate 220, and an associated external cooling device (not
shown in Figure 6) and/or an area for heat release. In the embodiment shown the heat

sink structures are generally aligned to provide for a continuous path, however, it is
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via vertical interconnects that connect the active devices and through-via
heat sink structures that dissipate the heat in the overal

mul t i - subworoatoesest ruct ure. The substrates 10 may be sinm | &aCTEbzeioas s
(i.e., all silicon substrates) t hus, providing f or honobgenous

|ntegrat|on Al ter) e, subs tes may b ssim | ar ter

(i.e., silicdPpPs zfet@{“ E‘Frfg © Beatis rf'}%tt‘@rsl gFtaéﬁ%t"?a&(‘?fég? as gVIBf’ OVI di ng
for heterOgeﬂaﬁﬁaﬁallym;ﬁﬂa%th&tlahé&dtcbﬁﬁgtﬂmmcmﬂé hébe Binks.€¥yifallyl Ber e 6 the
first substrate 200 conprises first material and the second and third

substrat es Maltmlﬂﬁuzwt@ siagk t:rgbmhms@tomldnqcspmteéhtoaghtvmheat gnlg pisudtyrcs ar
fromthe fi rtigtuagﬁt S{o&ﬁ% I n ttgra%elx € tcgﬁ dc%e%ggggt#tqg wntnpﬁémer t ﬁ%bSt rate

200 has a th erconn serv

el ectrical | Ye)&é}ﬂﬂ%bhf@d@@éd gy bkelocsed 8d thefthirdBibstratet220 or in gaferdlyltdseat e to
an active device 250 forned in the second substrate 210. For exanple, the
first subst repeinHitoibgmuliiplasbsiyac gadk.ce in the formof a sensor or 20

detector and thi Sr&eta&qu@fs&%itt@&tﬁﬂe Al RuraliBn At B8R 04

devi ce, such as an e secon strat e secon
substrate 2li@divaduatly taiiti aibgéguendy vatrettedto onerdnetheohy e con@@ondiadldeengies t o

connect an active .device 270 fornmed jn the second . substrate to active
devi ce 280 f%ﬂr%&sweh ?W&WF@%%Wﬁtbgtsélt‘gﬂ%me%sro feonngsiing a%ﬁ@‘mgsecond

substrafe meyLBRMEs. ah tRNGhRdieMm shewn SHETRuASs, 3R aamgweflhfet 320% prbiigedevi ce
is 25 connected, through the via, to a processing tiplexing device

formed in ttimtwmrrthe fisqibad sexord sukdtiates anbthe peconfiend thixk substaies: skhe 200 has a
t hrough-vi a at si nk 0 tha neral ly ali and co

heat sink star Stlﬁ‘? k:y 5P F%EL&‘ Ibﬁdisﬁg 3 ﬁstraétfgaéﬁqat Easﬁlfﬁp erg’éher ally
al i gned pat hhprio YordiRa onQhe SubRRME APSRUSE B@% cbmpvhdd, fihd @rodhivigerunder | yi ng
third substrate 220, and an associ ated external cooling device (not shown

in Figure 6)1n@1‘mﬂ®¢0tahn(hthééle$térnkﬁeat rel ease. In the enbodi nent shown the

pah, Hewever 1 (R A DERSri a3t B4 ARy L bl RS
fabricate t hﬁcﬂﬂ?@ﬁatlﬁg tHeowdh-via tveftieal iatercdnaedss, imacconfadcswith aasmbodipienyi de

for partially aligned or non-aligned configuration of the heat  sinks.
Typi cal |y, t®fehe pissent pﬂV@n%%sth%lﬁﬁésts%t%%n@%@amr?@mpwq twoj seekedor at e

through-via ﬂt%@t%até&lt Aﬂﬁl a?xtdrd‘iﬁthle{&ﬁg acttl e'\/?é?%]gﬂﬁ tfhPJugH% verkiOY ihRrBfndexd er nal

cool i ng device shown in
that connect the active devices. The ﬁrst substrate 400 has formed therein three

20 through-via vertical interconnects 420, 430 and 440. The three through-via vertical
interconnects provide electrical connection to optoelectronic devices 450 and 460. In
one embodiment the first substrate comprises gallium-arsenide (GaAs) and the
optoelectronic devices are emissive devices such as vertical cavity surface emitting
lasers (VCSELSs) or light emitting diodes (LEDs). The VCSELs or LEDs may be

25 disposed in an array formation on the surface of the first substrate. The second
substrate 410 has active circuitry 470 and 480 disposed thereon as components in very
large scale integration (VLSI) circuitry. In one embodiment the second substrate
comprises silicon and the active circuitry devices are sensors. The first and second
substrates in the embodiment shown in Figure 7 are connected via solder bumps 490.

30 The solder bumps are in contact with the through via vertical interconnects 420, 430
and 440 and contact pads 500 formed on the second substrate. Solder bump

connections are shown by way of example only, other means of connecting the
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5 external cooling device may be | ocated on the third substrate 220 or in
generally close proximty to the nultiple substrate stack. The i ndivi dual
subst r at e@0oB/019861 st acked substrate configuration are fabrPcratsen27013

i ndi vidual |y and subsequently connected to one another by a conventi onal

sol dering, an adhesiye bagndin r,ocedure.or other .suitable ans of
connect i ng a%ﬁgﬁ'ir%?sh.éu%()assaaﬁ%sf‘fegfdglgl.ngloﬁlﬂ?‘ﬁ ee%&&ﬁﬂé’ﬁtlmgﬁgﬁqtegﬁmg‘fo&gr e 6, an
adhesi ve | ay@paditQ ficin e dtide chRlcpRBBreit@iséibiedl TREdosRaRMbISIBS AL €S and
the second and third substrates. The adhesive |ayer adheres to the

backsi de of Figerestirovidas fos aspalablperpuelopienlectrnicalpyicesam! climiagtes ¥ireor med on
the substrat l()aon%ts)%s{(fs%g%&i %Eié,‘fﬁef&gféfg?%@gggznte}cQSnetcP{n%y%gfﬁéngnrﬂrcg;gdc%?ée?0””eCt >

and the heat si'n gure Cross-sec epresentati on of

a mul ti@ e substrAat@rdihglgkthe iphsentinvention grdvittes dehanMinrorexd] the@igh-via

i nterconnects, .in_accordance wi.th an enmbodi nent of the &Qgs nt invention.
S

The i | | ust r aY@HCa FHeTaPRRSAt taangllyiadsatisiks end theagsasiaied g 0 and 410

havi ng activ j .aver t i . ..connect
the aotrve dapfiEaiEes; BRdREAUER Hod SNES h floolrBAREAARAERE, dibidptic D7
t hr ough- vi a metetiak; akchias tagragyderrectpodd) lowi3emparaturkyftoceEbiagchm be t hr ough- vi a
vertical inter conneﬁ;'g S Erovi de, el ectri cal Cﬁ}nHeCti on to optoel ectronic

qq C

devi ces 450 BAlRtaRgy t SH b CAUSBRTOE e QY- ENPLRIULE BFOETHREYS

gal I'i un@r segidgn (@ﬁs&lgm ihfReconABLO S Etidal ARk Lal BN BLMeFEMAIBh DTS
devi ces such as vertical cavity surface emtting |asers (VCSELs) or |ight

emtting di odescqningdds ynd Naé sivicSElany peint EDbe fabyichieorpdf the spraisenrfluctoran arr ay
formati on on,the su fdace of ~the.fi rét Subst.rat e, Thgia&%c?rrég. Sl,tt?lsetrate 410
has active ci5e PFPIPEPOshPRadonrLasLe gy A8 AsseSialed QISHER: % n very

| arge scal e fhRh@ndd V@ticdl VitSlchnidctscofithd PresenhindBti@idre gibihfed b s wecond
substrate conprises silicon and the active circuitry devices are sensors.

The first anasweconrfgrmalibskness eSthieyarious layssvidiationm tBhgiconnest qoustaucts. ar e
t i L der . 0 T : e ith th
Chroughtyi o Sestire B B Rtan B8 oS GHEFhiRASHR A, nEPRERSE 1t C 0"

formed on t hghoaesand abethd0riatebstrEeltbiekndosimpintet@nned disanserarfheshown by way
of exanple only, other neans of_ connectin e -14 WO 03/019651

¢ th
PCT/ US02/ 270HHFTCangpds pad gt S@&%W@%F?@gﬁ? palitydmsruigplesubsiiate Gopginctty al so
be i npl ement ’?ﬁie))’iﬂrgﬁﬁé’ﬁ simple means of electrical connection between stacked substrates,

thereby, eliminating unnecessary electrical bond wires and they provide the impetus
20 for stacking substrates of dissimilar material types.

Many modifications and other embodiments of the invention will come to
mind to one skilled in the art to which this invention pertains having the benefit of the
teachings presented in the foregoing descriptions and the associated drawings.
Therefore, it is to be understood that the invention is not to be limited to the specific

25 embodiments disclosed and that modifications and other embodiments are intended to
be included within the scope of the appended claims. Although specific terms are
employed herein, they are used in a generic and descriptive sense only and not for

purposes of limitation.
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departing fromthe inventive concepts herein disclosed. The configuration
shown in Figure 7 provides for a scalable array of optoel ectronic devices
and el i mwatemiwsre bonds and surface | eads, thereby, redaaiusg227013

i nt erconnect inductance and capacitance. 5 Accordingly, the present

i nvention provides for an inprov - yi ical interconnect,

t hrough-vi a heat sinks and the a%‘éﬁw_ﬁ.@ﬁﬁ@) fabricating the

i nterconnects and heat sinks. By incorporating an organic dielectric
material, such as a paryl ene conpound, |owtenperature processing can be
mai nt ai ned t hr oughout AMeroigbriacgrticehingarennase devige, the deviehpanpiising
processing used 10 to formthe t.hrough-via inte t e | nks
allows for the formati%?‘Pb atg ﬁ%ﬂngﬁﬁg S(t:8rrllen‘e”3{} %n%eﬁgﬂﬁrglgﬁ ﬁif?aﬁgeggta@tea"% poi nt
in the fabrigdnina fb sttTRcIpitick@AAYUELAMa fildeydneRlly phmbiislirfage posik- f or mat i on
of active devices and associated circuitry. The _through-via vertical

i nt er connect stbefrate fea pacend generallyananap pirace of ssIRHEY so as to insure

conformal thickness of_t ' - r t f t i t

constr et s. 15 As sucri PRatP R U aRob iRl or B o L HARE AIPEE! - pect
ratio, in thenenamgadof about 4:1 to about 10: 1, substrate thickness to

i nterconnect dianeter. The interconnects and heat . si nks have _hei ght ened
utility in multiple- su‘bg’ESF 8?‘51“6%%11‘1)"?56@&?956%'%@56 g‘rel’ﬁ?fréfgaéera\‘%‘?@’sr?eans of
electrigal ¢ tJ: ifhdat i ng
unneceslggry eI e%%:l rﬁlgﬁag%\g@%oﬁegFgﬁg]eﬁ@Etf%?c%\%/l?eégu}% gﬁiﬁ%re%ﬁésd%@f or

st acki ng subsibstadte sndthedessidigehernllynplamarisatfateygddlse subbimatenodi fi cati ons and

ot her enbodi nents of the invention will come to mnd to one skilled in the
art to which this invention pertains having the benefit of the teachings
presented in the joregphdGrslRRGHA Ritdredimea@nidvich 8f EsS@Cl, MhebikliRWr@sc
Therefore, it is to be understood that the invention is not to be limted
to the specidielec2i§ leyeh butherearaprifies e patage aradertahat nodi fi cati ons and ot her
enbodi rTlesnts are intended to be included within the scope of the appended
cl ai ms. “Al t hough specific terns are enployed herein, they are used in a
generic and descri.pti VEhSBRAZHhOHA intakeshneatdelRe of ClHIROS Esrtlad compiisiag hon. - 15
WO 03/ 019651 PCT/ US02/ 27013  THAT WHICH IS CLAIMED. 1. A through-via
vertical i ntdéiffusianderieslayrrdispaspdor g viesus Bip Pl e gfleast one via between the

dielectric layer and the first conductive layer.

20 4, The through-via interconnect device of Claim 3, wherein the diffusion

barrier layer comprises a nitride material.

5. The through-via interconnect device of Claim 1, further comprising a
second conductive layer disposed on the first conductive layer, the second conductive

25 layer generally filling the at least one via.
6. The through-via interconnect device of Claim 1, wherein the organic

dielectric layer and the first conductive layer are disposed while the substrate is held

at a temperature of less than about 300 degrees Celsius.
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a substrate having at |east one via forned therein, the at |least one via 5
defining a via surface that extends froma first generally planar surface
of the swibaBnaes1to a second generally planar surface of pcraseub®us ate; an
organic dielectric |layer disposed on the via surface of the at | east one

via; and a first conductive ]ayer disposed on.the dielectric |ayer that
forms a 10 throufgh- vi% methqd fgé%abi”ﬁ?té’rgct ETVlao\éetrW?éHlt?rﬁgm?‘ichs&‘egeneraI |y

pl anar surfagenol cihbrisisd Bttt rand the second generally planar surface of
t he substrate. g CT‘Egm‘ilﬁgougShé-%vi a interconnect device of Claim1, wherein

the organic diel ectriformbnget ldastrankeia incrubsteadts the pdeast emeviadebningle. 15 3.
The through-via i.nterconnect_device of aimil, furth C rjsing a

di f f usi on ba¥f f‘érlfaclegv_grex%flésp%%d' %ﬁt geﬂgr%)y E{Qgﬁfrsrug\%g«? S&i’f’ ﬁgbnsg?{elstg&st one via
bet ween st he sedbf] @ebfallG plavesurfiéof the shbstigte; conductive |ayer. 20 4. The

t hrough-via inter connectp device of Claim3, wherein the diffusion barrier

| ayer conprises a nit rdisosingtaararganic diclettie layer onée-xip sunfaseof dwraideast devi ce
of Claim1l, further conprising a second conductive |ayer disposed on the
first conduct%®l ayer, the second conductive 25 layer generally filling
the at |east one via. &spoblifg d fisodi@liustiva intetcengsen ke ordthieidgetecnfic @yad m 1,
wherein the organi c dielectric layer and the fi r%ﬂconducli ve | ayer are
di sposed whi Yuh thig the Aeadipciive intercpmiegt layer fgmisa{hEeugngyia elsetricaliater¢ined hout

300 degfpes (al slUfe first %Né@a%@l%@é%&%%ﬂﬁ&%é@&g ér?d tr}rléts%&nﬁpgteﬂé}gll)t or

fabricating rough-via~verti'cal I nterconnects, t od conprising the
steps of: foplanargudicel ofdlsd substeatesiandi N a substrate, the at | east one via

defining a via surface that. extends froma first ner al |.anar surface
of the substrate to a ‘S‘a@é"&‘BH_%Iﬁb”esH At %Fﬁﬂgft%%gf%ﬁ%w &{E’g‘ltﬁgagﬁg t at e;
di sposi ng an,Rfigaspssirdl Bk 8flahicTitIBNBE 1498r 8y fift seHdueee Riert he at | east
one Vi a;
15 8. The method of Claim 7, wherein the step of disposing a dielectric layer
on the via surface of the at least one via further comprises disposing by pyrolytic

decomposition processing and room temperature polymerization.

9. The method of Claim 7, wherein the step of disposing a first
20 conductive interconnect layer on the dielectric layer further comprises disposing by

metal-organic chemical vapor deposition (MOCVD) processing.

10.  The method of Claim 7, wherein the step of forming at least one via in

a substrate further comprises forming, by deep reactive-ion etching, at least one via.

25
11. The method of Claim 7, further comprising the step of disposing,
between the dielectric layer and the first conductive interconnect layer, a diffusion
barrier layer on the via surface of the at least one via.
30 12.  The method of Claim 7, further comprising the step of disposing,

previous to disposing the first conductive interconnect layer, an adhesion promoting

layer on the via surface of the at least one via.
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di sposing a first conductive interconnect |ayer on the dielectric |ayer
such that the conductive interconnect |ayer forns a through-via electrical
i nt er conrwotosniwsbet ween the first generally planar surfa®eetafsor/bmis
substrate and the second generally planar surface of the substrate; and
mai ntai ning the substrate at a tenperature of bel ow about 300 degrees
whi | e di sposing the organic dielectric |ayer and the first conductive
layer. 15 8. The et hophdheb@bhThimWh alrieRcdhiftishEhe@fepdriRpsiingaa
dielectric layer on the via surface of the at |east one via further
conpri ses di sspos engdbstivsyinistopnhect layerernibe dirsticondystie d¥ercoppeghldyersoeh
tenperature polynerization. ..9..Th j gy 7 i e step of
di sposing a ﬁ%iatrtsie S%B“@S?ln &SE‘Y%‘I?% n%?%tg%%ég%ne%@eﬁso%epﬂggﬁiog g@t ric |ayer
further conprises disposing by netal-organic chem cal vapor deposition

( MOCVD) 5processi ni;. 10. The method of Caim7, wherein the step.of formng
at |eastd one via Ih aAdeugh-siagvertiat mgsrequyaghdevics. the ARYiRe CompRIIHE
reactive-ion et .Ch' ng, @gublsﬁgté%aﬁﬂgayl'egst ongs'a]f&rme-g"tﬂer%ﬁf, t@gaslcaﬂ%'m 7,
further conprising the step o I SposI ng, lbetween the dielectric layer and
the first coddinirig areaisatfarecbatreatnds fymra firat ghinffallgiptamar Hieface ef theayer on t he
via surface of the at |east one via. 30_.12. ‘;ge thod of Caim?7, further
conprising tHESEREf Hiccap gggefaﬁ]g,plaxﬁfwfagagf{ Sﬂggf%%i ng the first
conductive i nterconnecs, b3¥%qE die?é%tr?edlﬁg%d oRIdUTthE R subfAYEHT thS al 1B&st Vi @
surface of the at |east one via. -17 03/019651 PCT/ US02/ 27013 13. The
met hod ¥ Cl aiemid, thé ongamie diedentme lagérhgingbsposedwhile thespbstiatays acklet end
conductive i ntercgnnef%3 I@éer on3b§:? fir conductive interconnect |ayer
such that tFEPSREERGT eshEaR phis 3PP fesreesnrddts: PB¥er generally fills the at
|l east one via. 5 14. A fifsk est@iicivelay®didpesdd dmthe direchyésanitdermd he devi ce
conprising: a substrate having at | east one via forned t%erei n, the at

| east one vitrougbfviimvertcal intergonnact betweerhie fisstienerally plensrsurfpsesel theneral |y
pl anar surface of th r | of
Phe subst  a; osiite SRR Pheh o r SRR, ATREARM e EREH SSHULAEE 0
the at jseastlayer the dielectric layer being disposed while the substrate is held at a temperature of

less than about 300 degrees Celsius.

15.  The through-via vertical interconnect device of Claim 14, wherein the
dielectric layer comprises a Parylene material.
20
16.  The through-via vertical interconnect device of Claim 14, further
comprising a diffusion barrier layer disposed on the via surface of the at least one via

between the dielectric layer and the first conductive layer.

25 17.  The through-via vertical interconnect device of Claim 16, wherein the

diffusion barrier layer comprises a nitride material.
18. The through-via vertical interconnect device of Claim 14, further

comprising a second conductive layer disposed on the first conductive layer, the

30 second conductive layer generally filling the at least one via.
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10 one via, the organic dielectric |ayer being disposed while the substrate
is held at a tenperature of |ess than about 300 degrees Celsius; and a
first comwoaBiowssi ayer di sposed on the dielectric |ayer tmrat/dsozemia

t hrough-via vertical interconnect between the first generally planar
surface of the sypstrate and the secon ener al | anar_sur.face of the
substrate, the filrst c‘gﬁHﬂEtsP%rag S¢ %&u&ﬂégﬁl?ﬁ’ é@?‘i’f’lvlfelcgvgpslﬂg'i ng

di sposed whil e the subgtifspbidstriteMBlidg dhe 8r teREAdUBERatO throh@SEiatvBaRalRbOUL
300 degrees Cel sius. 15. The throu%h-V|a vertical interconnect device of

Cl ai m 14, whistes¢omnedie forgicd therein; the fizsy spbstratephiovgl-vie vegtical enercorncetsi al . 20
16. The through-via vertical.interco cl. devi f I 4,. her
conpri si ng acogl?msﬂjs% o ttggpfz(# g’rtﬂf 1§/S i i Irg%b%ne%?g%xﬁc@ heée%ﬁ%ﬂg%rr 1%1%)3&% t he at

| east orge Vithe vhaindeevst dnddétileelidpobad drayiebraanid didlectfit 1@kr;@adduct i ve | ayer.
25 17. The through-via vertical interconnect device_ of Claim16, wherein
the diffusion barri erasesged subswpieigerasally widerlying thefiist substrate gnd ffixed

t hrough-vi a } i r j i : rising a
secong condubar I sulshe] GE3AEGH RKaRGpng AENeF Aroikil [iltEd 1RpER

second conduhhi i én ¢élagteicalgemamalidayiof withi thg fitsh sutatratedyshe ameonvthere firdt8 WO

03/ 019651 PCT/US02/27013 . 19., A nulti-substrate sem conductor device, the
devi ce conpriu&stERje thioygh-wp veriisak ipterconAetiS-ng one or nore first substrate

t hroughryvia vertical interconnects formed therein, the first substrate

t hrough-via vertical interconnects conprising vias fornmed in the first
substrate, an or ghi ¢ Thehelisubstritayenicdidists ddvice ob6Clde 19 whensth the f i r st

conducti ve disposed on the organic di.electric |ayer:. and a second sybstrate
Goneral |y uniSt RPr i CRPRTeP LR BRET 800 Hirseag BTt SOmRESes Argrond
substrate, thgeggcond substrate having electrical circuitry formed thereon

that is in electrical communication with the first substrate by the one or
nore first substrate through-via vertical interconnects. 10 20. The

mul ti - 51L5b5t rate Sflm COPlgeul%hR{-su%gt\ﬁittg gerﬁfcor%u%lomd%\%be Y)\@éfaﬁhq 9E Q/ﬁerein the

first and second substrates comprise a first material.

22. The multi-substrate semiconductor device of Claim 19, wherein the
first substrate is affixed to the second substrate by a substrate bonding technique.

20
23. The multi-substrate semiconductor device of Claim 19, wherein the

first substrate is affixed to the second substrate by solder bumps.

24. The multi-substrate semiconductor device of Claim 19, wherein the

25 first substrate further comprises a first substrate through-via heat sink structure, the
first substrate through-via heat sink structure comprising vias formed in the first

substrate, an organic dielectric layer disposed in the via and a first conductive layer

disposed on the organic dielectric layer.

30 25. The multi-substrate semiconductor device of Claim 19, further

comprising a third substrate generally overlying the first substrate and affixed to the
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first substrate conprises a first material and the second substrate
conprises a second material. 15 21. The nulti-substrate sem conduct or
devi ce ofwoOlogiomeiB, wherein the first and second substrateI/usorpnise a
first material. 22. The nulti-substrate sem conductor device of Caim 19,

wherein the .fjrst substrate (s affixed to the secon bstrate by a
substrate botﬁlrdt ﬁ%st[rzgg,ﬁﬁ? &1’1@ suh?ff‘%zg?w%%nerﬁf IRqre ?ﬂﬁ@?“?’gﬁée ?gﬂ’il onduct or

devi ce of C @rial hterob@ietisToinital thédeinsSt substrate is affixed to the second
substrate by sol der bunps. 24. The nulti-substrate sem conductor device of
Claim19, wherein the 25 first substrate further conprises a first
substrat e throughsai a Reah. - fbsodt UhidbSaucldiBeyibt bPE1AMD3! AL dE Ough-vi a
heat sink structure conprising Vvias orned 1h the first su strate, an

or gani ¢ di el &gt fibstratayiathed coppsed eledtrichkcixcuiryeaid the dne et meenbiud subsgateay er

di sposed on the organic dielectric | ayﬁr. 30, 25. The .multi-substrate
seni conduct dhreyehivéeveticatinerepnesctspipYide plecttigahsomunyicatiophetweed thist r at e

general | y ovgrlving; theyohisd asvhnkiat Sn@ it itd bitRlako the -19 VO
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t hrough- vi a Hestingbidpath forGeatfRovailsaehene emirthof thdatltipudibbiat e, wherein
the first and third substrate through-via heat sink structures provide a
conti nuous p¥nHcdngdpctaedevied. ow t hr ough the entirety of the
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