WD 01/01486 interposer and nethod of nmaki ng sane Background of the 23 DEC 2003
| nventi onw @/814k C 2003  PCT/ US00/ 14588 Field of the |nvepidi@iedhssss
invention relates to connections between integrated circuits an(? a
supporting substrate such as a printed circuit board. Mre particularly,

the present invention reterpeser gngdimethast pbe@kingsaowupl i ng an i nt egrat ed
circuit to a supporting substrate. Background .Integrated circuits have
been manufactured for many yégpgsrmt%ﬂeﬁﬁ}q I(%W&F‘F'ﬁn such manuf acturing

i nvol ves FiBlceer @l ingeM@ibhous active and passive circuit elenents into a

pi ece of 'sem conductor material, referred to as a die, and the die is
encapsul at ed i h® vergicaietales 1 cagneaiopadetyeen Megetedackigendae t hen

typically attached to a printed circuit. board hy, connecti pj ns, arranged
al ong t hee4rd 'H%ISVBSF‘EWE%” ﬁﬁédaé{”?%éwc'é‘?%&(?%ﬁi M@'ﬁﬁ%’-ﬁgﬁl\y-ﬁbe formed by
connect i NgreXani PYentiohedlaé£th &h ftbidosBATK BESI; i Liciy &  board.
As advan(r:tgse in _sem'nclonduct or manuf acﬁoari ng tggélﬁﬁr%?@ggé#%wg%%ﬁws%anti ally
i ncr easedsuppoberg sobstratinsi stors on each integrated circuit, it becane

possi ble &0 correapondi ngly increase the functionality of each integrated
circuit. m-—c YPHC ncreased functionality resulted in the need to increase

the nunber of négraté@ulrblits hhvbe EORRRR ?d&@éd%léw%%? ﬁa%i ntegrat ed
circuit and the Test of the electronic systemof which the integrated
circui t vesnergmnallyOaech awptactiong twslvgaattegmtinddragisss tthtveé rodeased need
for I/0O connecti.ons s to._ .sinply add additional pins to the package.
Unf or t undtB3VE Q&%}f'hélﬁ%ﬁ‘%’gtst"&tﬂn%ﬁécﬁggEﬁ@écqf}%f?@é&g%}e{'ﬂe rgpgﬁdéBr?s‘-‘ugred by
- the package, afd fitws Hiels aaatsadten intd @sdeanret bopladtl §5sadae THdLased need
for 1/0 connections wi thout consuming an unacceptably [Farge anount of area
was the dackagesate tbengypicaly attaghegyto a( pEARd aitduibbbardgry doraverciiyig( BGA)
packages. .ln such a, package, a.large, nunber of |/ onnection termnals
are di spdddw ?rﬁa%g?%?odiq%ﬁs?%r}%ergpfr% RRF&RI%: A%&%ﬁ AtS %MSt%Brctqrb Cof a
maj or surfbaneddy édvthaRpkpggioutheeerdith crad ?%adé@%%@-,ﬁﬁw_téﬂ@!r@@h' y contain
an integrated circuit die, and are attached to a”™ supporting substrate such
as a primadeircuit board.

As advances in semiconductor manufacturing technology led to
substantially increased numbers of fransistors on each integrated circuit, it
became possible to correspondingly increase the functionality of each integrated
circuit. In turn, increased functionality resulted in the need fo increase the
number of input/output {I/O) connections between the integrated circuit and the
rest of the electronic system of which the integrated circuit was a part. One
adaptation designed to address the increased need for I/O connections was to
simply add additional pins to the package. Unfortunately, adding pins to the
package increased the area consumed by the package. A further adaptation
designed to address the increased need for /0O connections without consuming
an unacceptably large amount of area was the development of pin grid array
(PGA) and ball grid array (BGA} packages. In such a package, a large number
of I/0 connection terminals are disposed in a two dimensional array over a
substantial portion of a major surface of the package. These PGA and BGA
packages typically contain an integrated circuit die, and are attached to a

supporting substrate such as a printed circuit board.
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1 WO 01/01486 2 3 DEC 2003 PCT/ USCO/ 14588 Al t hough PGA and BGA packpges( 20

provi de aypRaeesssavi ng solution for integrated circuits negdinhoasisar ge
nunber of 1/0O connections, the materials from which they are manufactured

typically do not provide a d mtch with the material of the integrated
circuit die i ERGYEe %&Aﬁ\’é‘? g%ﬁee%@age\ﬁeof@d&q AciPaResa¥ng selatigalfor

expansi on 18 tedi&FDf??ﬂSQdénﬁtéé‘g?%% ggHﬁcﬁ ¥ %%Inﬁeuf:t%nseltr?e? h@ét%ﬁ%g frrcg{‘?wg

mechani ca couplrng an i circuit to a suppor

wher ei n tisich theichrer mahacturehaypiphiiedpans ippovidbar §66@ iAth wativeld - mat ched
to the integrated circuit. Wiat is further needed is_a nethod of

manuf act UPategiat gthedntagraled pieuit Sigimieymss oft thein respagtivercoaficients of a
structure,s .Eﬁgl%n &n connecting an integrated circuit to a supporting
substrate 6fei i TRe Structure has ther mal expansi on characteristics

vel | - mat ched tWhhbhis neddgy igtednaitocusditdtie a0r RCEIROSehd riBehaficagy at ed
circuit and the interposer are conprised of bodies that have substantially

simlar ¢cseplingeaipieositedfacHENo g Rerisng sThslraie whereiethehasueture hes

i ou t. AREFHE o Bt SR AN RORL B LR S b T MR

mechani cabhie€peedal ista Mmestigof angfsubshg aueh Fbwedtuiecal |y conductive vi al
provi de signal pathways between the first surface and the second surface
of the interposer. In a furtfamaepeef the Invenppasent of invention, various
circuit el enen y.,he. i ncor t iLnto.the i.nterpnoser. These circuit

el ements may b ﬁ%‘é’?%vsér, C}‘f)rgssgj:;tgg{eafgfggm_&% ?%api' WQB e. ccfric\‘fgqgrfd passive

el enent s.supporiindPassutidit WeRréih tho etk e thietmalekSarksie® BREBdtEristicte- vi ew
of a silicon-based integrated circuit die coupled to an OLGA package by
sol der bupsMadefipd teetheldaopiek £ifeutt supn daterpeser. phheninézgretec aireuibsadd by
sol der bal.ls., Flg. i : .G Cr tion of. an O CA package. Fig.
3is a Sghgrlr%lte{C&g{é&%?g@\gﬁ‘lggﬁ%ﬁ%ogleétﬁggg%? asg@aialnﬁ:faggf 6'5@' 4" in accordance
wi t h t he quegsaattsigivesinmarRxpkhgiond THe iarabbeer hebertati sufi@sadaptead to

silicon-based interposer that shows a nunber of connection termnals.
electrically and mechanically couple to the integrated circuit. The interposer has
a second surface adapted 1o electrically and mechanically couple to a
supporting substrate. Electrically conductive vias provide signal pathways
between the first surface and the second surface of the interposer.
in a further aspect of the present of invention, various circuit elements
may be incorporated into the interposer. These circuit elements may be active,
passive, or a combination of active and passive elements.
Brief Description of the Drawings
Fig. 1 is a schematic side-view of a silicon-based integrated circuit die
coupled to an OLGA package by solder bumps, and the OLGA package coupled
to a printed circuit board by solder balls.-
Fig. 2 is a schematic cross-section of an OLGA package.
Fig. 3 is a schematic cross-section of a silicon-based interposer in
accordance with the present invention.
Fig. 4 is another schematic cross of a silicon-based interposer that shows

a number of connection terminals.



2 WD 01/01486 2 3 DEC 2003 PCT[USOQ 14588 Fig. 5 is a schematic 23 DEC 2003
cross- secwoamnoofssa silicon-based interposer in accordance pgt/bhsdohesspr esent
invention that shows integrated decoupling capacitors. Fig. 6 is a
schematic cr oil\s}ésgcti on of a silicon-based interposer in accordance with

n

the present i %% SEREMaUA GRS S REEYRAPEE SilicRRiasestigterpeEgsin 7-10 show
. E ! L egrared = . s g
vari ous Séc%?ﬁ%rf&e Wm@ﬁﬁe'é%gf‘ﬁ’w%nén%?éﬂ[m%ggggrta't@& 8@98@%:1 h accordance

wth afirs ustrative enbodi nent o I NVen , wherein
deep- vi axapeeitéar med prior to chip-side interconnect formation. Fig. 7 is
a schematic crgss-section of an interposer after a deep-via has been

et ched t herei F19F% & agchamatic CretrabeeliQn 858 sdEenbAsesBIRTRGSEhE i nt er poser

of Fig. 7 el LAg; i : i s of the
deep- vi o, ERHAeS Wit B bRRRirBKREn' el ARRE rRBalanf BASERSE ot i ve
mat eri al . Fi g.Figsi%18 ssohermidus steges-od esamdactihogiaig siheon-tagegoser of
Fig. 8 after further netallization ogperations, Fig. 10 is a schematic

cr oss- sedPERPH INBAGOTIIECE MKy pHER I dtrativg ergbariment e Presgither _
et all | 2hidtodP ARt pNigs ard Torfed ROY YREABUSIS | RORDRecRNUT aCt Ui ng
of a silicon-based  Tnterposer In accordance W th a second 11T ustrative
enbodi nerbrredtidrne present invention, wherein deep-vias are forned
subsequent to chip-side interconnect formation. Fig. 11- is a schematic
cross-sect i on Fd@- 4iF # §EBPIPAYE CFeiT REEtan psan infgEosst altgeege8R 4§ f or ned
on the chip:;sis interposer. Fig. 12 is a schematic cross-section
show ng {Hhe%nisér%gg?gg%%@%df Fig. 11 after additional |ayers of chip-side
met al | i zat i on Fge8 ia sedembtig crdss-ssctiors shewimnig tbe dntessossaatfikig. Bhtter ng t he
interposer of Fig. 12 after deep-via i s formed through the body. of the
i nt erposé“,'”éH'@"'gﬁ YR éqrmfgﬂa of gy 519641 GfdBe sleepriia st ies fesarice of

of Filg. T B e e o R an ol ectri ol Iy conduct i ve.
mat eri al . Fig. 9 is a schematic cross-section showing the interposer of Fig. 8 after
further metallization operations. ‘ ‘

Fig. 10 is a schematic cross-section showing the interposer of Fig. 9 after
still further metallization operations.

Figs. 11-14 show various stages of manufacturing of a silicon-based
interposer in accordance with a second illustrative embodiment of the present
invention, wherein deep-vias are formed subsequent 1o chip-side interconnect
formation.

Fig. 11-is a schematic cross-section of an interposer with a first layer of
metallization formed on the chip-side of the interposer.

Fig. 12 is a schematic cross-section showing the interposer of Fig. 11
after additional layers of chip-side metallization are formed.

Fig. 13 is a schematic cross-section showing the interposer of Fig. 12
after a deep-via is formed through the body of the interposer, and an insulating
layer is formed on the sidewall surface of the deep-via.

Fig. 14 is a schematic cross-section showing the interposer of Fig. 13

after the deep-via is filled with an electrically conductive material.



3 WO 01/01486 2 3 B E C 2003 PCT/USOO 14588 Figs. 15-16 are corrrmnztsonﬁoztuﬁg

the proceggoibidggtrated in Figs. 7-10, and the process illpustuabesssn
Figs. 11 -14. Fig. 15 is a schematic cross-section of an interposer in

accordance with the present invention after the_ chip-side and board-side
| ayers of net aﬁ'%zb@ﬁ@nar%%?}@%‘@ Belh Wigdopaek luslrtegliategs. 7/£1§.anh is a

schemtlg}%hp fiﬂbgﬂ?%ﬁﬂxlgguse dnterposer of Fig. 15 after formation

of the P rns for chi p-si de sol der bunps and

boar d- si de solmgmbe& lasscHengaticlaroiss- @eo‘tionvmfcﬂramtapmédmsatcb@tdameawm ocess
in accordance wth the present invention. Figs. 18-21 show various stages

of manuf e @weﬁ@rﬂdﬂvangw edenthsaclg- S'sﬂﬁtaé\dﬁ&&.rﬂ side lryeey ebmeilNgatiRna t hird
illust ra}ll %@9 d%facft %CPP%%%} i nvention, wherein deep-vias are
WO

formed witl age process results in sloped sidewalls in a first

portion of theF@ees iy iaagchdmatic &&slsSs@:tmmemgﬂw PxspBest bioFigofs an

i nterposer after a deep-via with sl gl'pﬂ% sidewal | s has been etched therein.

Fig. 19 |a§teaf@6ﬁéﬁarﬂ |Oéﬂa¢6°§é5@@@ﬁi96’r‘ﬁ WA gSerdor ehipsifirseplder bamgs 18

after an formed on the sidewalls of the deep-via, and
dstgﬁ)%}d g%ﬁasaélﬁér bill

an el ecfM rvématerial is formed in the deep-via. Fig. 20 is

a schematic crpgs17asta owdimngillubeating arfesess bfadcogdark® with iy furt her
metal | i zation operations. Fig. 21 is a schematic cross-section show ng the

i nt er pos@eggnHNyention. after still further netallization oper ations.

Det ai | ed Descri-pli 98 £ 8041, N BRSSM o A0R! ARRIES|A] OF 18R apgect | on

egrate CrFcuTe and & béard i ncl ude

the use ohteppekegipsactortahes pabes third ﬂhesenmemgssnandafnm PrERBSEr S
provi de, anong ot her things, .a space transformation function. That is,
because tiheepieBeasRepiegers- igmareatarmes with Pelyroatiage eroasstiBabiegulss imt ed

circuit %i%ég src?e%lél s fn a?“ﬁ%rcﬂl re?* {H’e géé Srent i nterconnect pitches, the

packages it efrposers are ore required to
Fig. 18 is a schematic cross-section of an interposer after a deep-via with

sloped sidewalls has been etched therein.

Fig. 19 is a schematic cross-section showing the interposer of Fig. 18
after an insulating layer is formed on the sidewalls of the deep-via, and an
electrically conductive material is formed in the deep-via.

Fig. 20 is a schematic cross-section showing the interposer of Fig. 19
after further metallization operations. _

Fig. 21 is a schematic cross-section showing the interposer of Fig. 20
after still further metallization operations.

Detailed Description
Overview

Recent apprdaches to forming a connection between a silicon integrated
circuit and a printed circuit board include the use of packages or intérposers.
These packages and interposers provide, among other things, a space
transformation function. That is, because the process used to manufacture
integrated circuits and printed circuit boards result in substantially different
interconnect pitches, the packages and interposers are therefore required 1o

connect the narrow pitch ¥O connection terminals of an integrated circuit with
4



connect the narrow pitch |/ O connection termnals of an integrated ciddikit2003
with 4 WOWRPM486 2 3 DEC 2003 PCTTUS00/ 14588 the rel ati VAW 488 pitch
1/ 0 connection term' nals of the printed circuit board. Typical packages

d t f th
and in o RS FEIR) .%ﬂég&@q&lcﬁggglqaﬁbggﬂgﬁggﬁméﬂhbadﬁ g‘réJ:FBS’Qrtd rom the

materials t circuit associ at ed
with convé’rylpnmhalacbagdmgedantérpn'sensmeémnmmnemtmamrmtﬁ'wmamlaﬂgl ude the
difference_in interc nnect Itcpﬂbi%g ed. for connecting to the integrated

circuit antffeset &gpst eaﬂ"eate g1 ?@AiCHﬂéﬂtearaé%%aﬁwnan%@biemés.stance
d d k
and i nductaagei-p AGRA YUhJehticRanps dag%rh%da.ﬁtérbsyde Ftﬁ;%ﬁehgﬁs pLe erﬁagv package

or interposer between the integratedcircuit an
‘respect tdndlbee iting diffroeneetn mtemnrteyppluﬁi reqeqed fenannecfimy tgothesent  day
manuf act uri ng |ncI ude_a tCL t%pl tch? ({)l cally less than 200, for

C

i nterfaci Mfegratgd q"ﬁé‘"lﬁﬁ heé%ﬂ!i‘sé,’éﬁ\‘%ﬁnﬁ?%ﬁta%ﬁpr oxXi mat eI y 1

mnesgﬁ{I ;?%ggﬁ?&'g ec no ogi Efa%%% ganl C g%ﬁd@s‘;ﬂ% ﬁ:lr &?él %&ﬁ@)gﬂ packages

cannot be paskdge @rnmleepdsseartmtsxe@nsthe/kuidgtatmlaﬂrwtammmetfemsmaaé UnéGth
constraints of OLGA packages are BOt coEducl ve to orm ng dielectrics-

havi ng a fﬁﬁwtdpé'ﬂ%@?tﬁf@r&ﬁfé@é{ﬁ yglse re&é‘"?ﬁke”&%(é’[‘rﬁlr%s%‘éﬂ?bjm strontium
tit t BST.
Capncrt or SNERTE ipgRlde Thiahi BRCA WM RS e o RS Ror IBICTHACE T Ain 20

wel | sui t efe iriegHRed @%rcutteand Roarge pwaépbmma@wmﬂaqmgwaf & 80
limted in terns of the mterconnectggltch that can be achi eve A C4 bunp

pitch of @gubstrate suethasguintpdsiBEEROAKRded when silicon integrated circuit
di e have been attached to OLGA packagi ng substrates because of the
mi smat ch i n t héVNithregepeotly eeailagefiéchuiodogias, ddrgahierireald ErgAmsyofQLGAE use of

silicon wafers for bothlnterated i rcu I| a S
S ecor ganc PANERSE RBNPEEEMSS odTeks FahStlots andrdPrghy. 1 BRRE e e
di ff er enceonandiridef eNYc GGk e MBELGHH LR BitbAARgIdIabC S h@@mgbé'”ps

woul d ot herw se experi ence. Th| s reduction of nechani Cal stress ernables
t he use ofh:gmmiieiecrtrlbmm@tamdsvt@ﬁﬁécr Pianaple barium stegniginofitinatesent day

ranutact AR EREISENER, o BRFLEPRIE [OAHSTe s SAs E R L T LY,

i nvent i on fygRe§WilrcAtdRA8thaving a high dielectric constant are well suited for use as
decoupling capacitors. OLGA packages are also limited in terms of the
interconnect pitch that can be achieved. A C4 bump pitch of greater than 200
has been needed when silicon integrated circuit die have been attached to
OLGA packaging substrates because of the mismatch in their respective
coefficients of thermal expansion. The use of silicon wafers for both integrated
circuit die and interposer, in accordance with the present invention, substantially
reduces this difference, and thereby reduces the mechanical stress that the C4
bumps would otherwise experience. This reduction of mechanical stress -
enables the use of smaller bumps and tighter pitches. Interms of present day

manufacturing techniques, interconnect pitch on OLGA packages are limited to

approximately 225 or larger.

lustrative embodiments of the present invention use silicon-based

interconnect technology to make an interposer, which in turn, may be used to



i nterconnect technology to nake an interposer, whi ch in turn, may b_eZ Li9&6 2003
to 5 WO OWW®auBas2 3 DEC 2003 PCTTUSOQO 14588 repl ace OLGA BST/BYMEF 588y pes
of packages for connecting silicon-based integrated circuits to substrates

such as prelpHRIOE LY éth@pﬁfp@%-of|p@h@é$&5ﬂr%ohﬂecﬁ9§%fl%ﬂ%§@oth the present

invention can easily achieve the tight and coarse ~interconnect pitches, as
wel | as tiRtegratsidstienyiie 1o subsiciteanueh aamdintedi atcaih beardeglnte mosetsint or

i nterconnects forne n or in,an ipterposer. Providi the space transform
Funct | on TEGRETanE D b PiasEs Eep b e Rea E oe i SEhieyc B it partaaavat y

coarse i NhREOMME&tpitltheS hsalel BS tY rediQEn & i dcitdpabdan@inQidishcd YPe of
supporting substrate, or circuit substrate, is also sonetines referred to

as fanoutrequisddienitsfralihtgrcanmestt ivened cof otiherpindsrposer nPeovidimg teeabl e t he
integration of, circuit elenents, jnto the interposer. The use qf _a silicon
substr at A YRIHPRG nrdion P J6eb PP EECIHEN Fhinecinae ol ore BRelY ve
Circuit elersdisterconpBerSitcHARARE Phted SRAIBESANE of biISaH {pe & & bﬁtin uch as

transistors, on the interposer. hese ci rcuit elenents can au t those
that are suhsdrabe, erciicott sgbalrale, tsi alsvisvmedines merednolas facant.be  opti m zed

separatel y fromthose of the integrated.circuit. citors integrated

Thro ¢ he AqdlipRale Frihe menGeidhg B Re b iR P B SRe RS gy The
terms, chijRuill IbR@HE Sflodhs GitblposBRNol i thic device, sem conductor device,
and mcroel ectronic device, are often used interchangeably in this field.

The present inVeausenfiassilamopl subsbite oo faininghike alevieoses alloeys thee general |y
understoad, in the Li el d. T.he.telrms metal |line, trace, vgrre, canduct or,

si gnal pdlPHACT PHRAPT ¥y Ebr EHCAr SHFR arse?%‘%aéé‘.o_fsrr%f‘ P e | sted
above, argegfes auch as'l'ﬂér@é]ﬁB?ﬂ?%th%teﬁﬂﬁeapﬂ%rse'd?r&ﬁtdéérrfern@érbﬁﬁec' ficto
general. In this field, nmetal lines are sonetines referred to as traces,

Wi res, |iasgmnenhthese dthxlcue usedgimpt ntegrated cirgst, &nd innpertanineraltey

| um | ). f Al .and . t t hat
R AR BN R o Moo e -
ci rcui tryintdhrOnedrpbsedhBe betitRa Sdadoudlifg @uabbdise in m croel ectronic
devices. Materials such as doped polysilicon, doped single-crystal silicon

(often rEkemmipeldavo sinply as diffusion, regardl ess of whether such doping
i s achi eved by
The terms, chip, integrated circuit, monolithic device, semiconductor

device, and microelectronic device, are often used interchangeably in this field.
The present invention is applicable to all the above as they are generally

understood in the field.

The terms metal line, trace, wire, conductor, signal path and signaling
medium are all related. The related terms listed above, are generally
interchangeable, and appear in order from specific to general. in this field, metal
lines are sometimes referred to as traces, wires, lines, interconnect or simply
metal. Metal lines, generally aluminum (Al), copper (Cu} or an alloy of Al and
Cu, are conductors that provide signal paths for coupling or interconnecting,
electrical circuitry. Conductors other than metal are available in microelectronic
devices. Materials such as doped polysilicon, doped single-crystal silicon (often
referred to simply as diffusion, regardless of whether such doping is achieved by

thermal diffusion or ion implantation), titanium (Ti), molybdenum (Mo}, cobalt



thermal diffusion or ion inplantation), titanium (Ti), nolybdenum ( I\/z) DEC 2003
cobalt 6 WPOVPBHE86 2 3 DEC 2003 PCL"| USOQ 14588 (Co), niRKEVSENid§8 and
tungsten (W and refractory netal silicides are exanples of other

£ of

conduct or $cohack&ar () SR @edst@N WY add rdPidoRShefal ERciiks U Whesn

r;yerﬁ I

el ectrical connectl on of conductors fromcg ferent 1 nt erconnect‘ggevel S.
These ter mtharreond®otets.mes used in the art to describe both an opening in
an insulator in which the structure will be conpleted, and the conpleted

structure itselfhe feempusmasesnd ok, bbihsetlirsc soattureLRMEAstiead via refer to
the conpl eted structure. The exp r essi on, low dielectric constant material,
refers toCRaRestien &f caa@uﬁ@r%lfrpav@ﬁetﬁné|ré@ncpnee(ad¢mlanfrhaaanems@é@ of

Si 11 con.  EBmetATPL8eadh 80 LR o ROLKARL BowBNOLARTE I Sh SBR AR Ehich

i nsul at or §°Coh arni ng organi ¢ polyners, and

silicon havesiroese dvittlbactarmpleta) sinanhs comletsd kiraetire As6Ki #or pligoders t er
k, is often used to refer to dielectric constant. Simlarly, the terns
hi gh-k, aRéthisEisclosyre erriach and vipdeter & the eorppiptad $teldiugh di el ectri c

constant and low dielectric constant respectively. The termintral ayer
di el ectric as Udedekprassia, fiowdielésiric noatantovaterial, refess 1¢ matehelsdi el ectric

mat eri al osed bet n.i.ntercon es ,0 given interconnect
Tovel | ThBEVPG S e e oa BT e e o G SERESATRIE oG
inter Conn%%t rhéRERanbROIRE. Sildsh Nesdd 1%@ullabbr§@8r‘ﬂ%trﬁr‘i BRi e b Bgﬁﬁers and
i nt er connéct’ Ii nes. Epitaxial layer refers to a |ay 2r ot singl e crystal

seni condudluorinewoetaiaing ofines wéelicoy hae Iwrdmecém ceestsints trearasiicemn be
used in t‘é? Wg%/s when describing integrated circuits. As used herein, gate
refers to9dHRE nsul ated gate terminal of a three terminal FET when used in

t he cont ext of sistor cjrcuit, configuration, and refers to circuit
for realizing {';’Sﬁetrrlhl‘syo{t%@fjﬁ%ﬁl g Pcrttgc?{ﬂe eGQiRe Fonsteat |$"¥‘Hérbdﬁﬁext of a

logic gat ¢ -k afn B SoWike WRdudsy @ thRUleld roere%ﬂa'm ma&%%nfsmn

o E@ ¥

sem conduct or dy s considered. Polycrystalline sificon is a nonporous
form of siahddow diabtup cofistaahtsmeytivedy.i ented crystallites or donmins.
Pol ycrystalline siliconis often fornmed by - chem cal vapor deposition from
-a silicon sour hegramointellder didiettad asardd mmiafieldtis watidroblab refurttai ns
| ar ge-angl e grai n boundaries, twin boundaries, or both.

the dielectric matenal disposed between mterconnect lines on a given

interconnect !evel. That is, an intralayer dielectric is found between adjacent

interconnect lines, rather than vertically above or below those interconnect lines.
Epitaxial layer refers to a layer of single crystal semiconductor material.

The term “gate” is context sensitive and can be used in two ways when
describing integrated circuits. As used herein, gate refers to the insulated gate
terminal of a three terminal FET when used in the context of transistor circuit
configuration, and refers to a circuit for realizing an arbitrary logical function
when used in the context of a logic gate. A FET can be viewed as a four

terminal device when the semiconductor body is considered.

Polycrystalline silicon is a nonporous form of silicon made up of randomly
oriented crystallites or domains. Polycrystalline silicon is often formed by
chemical vapor deposition from a silicon source gas or other methods and has a

structure that contains large-angle grain boundaries, twin boundaries, or both.

7



7 WD 01/01486 2 3 DEC 2003 PCT/ C. JSOO 14588 Pol ycrystal line siliconZi3sDEC 2003
often ref ¥QPeWIH& in this field as polysilicon, or soneti neRCT/HHPEI4EI8ND] Y
as poly. Source/drain termnals refer to the term nals of a FET, between

whi ch cop@w‘cws%]hr%g%én Fé?ﬁrrbeftbﬂﬁrﬁ%g &g 29 y%a cro'nc%igﬁlrr?eﬁiénes

subsequent t'o the inversion o e sem conduct or ce u
i nfl uencenufreampelyestpolg. field resulting froma voI tage applied to the
gate termnal. Cenerally, the source and drain termnals are fabricated

such that theySaugegéireldrint@ls yeisy taraid te‘rahnaiswftahFWOBEMéé%ﬁWch
symmetrical source and drain termnals it is common to inply refer to

t hese t er APRAUBICAPCSYIF BRIRITTAR Miiuansenal @n elendric fiek, auhmmmmoehe. s used

h ft t t t

2 sour gt By SRR SulaPELIRE R i BisbeS 5 B8 dptficdiefo that
term nal V&b@ﬁm@ﬁ:rﬁ%Tvblﬁagép@fpﬂe@doltﬁefqa%"(@r‘ﬂhlhal TG%nE%”II?‘ WS 5bGRle artp USed
herein, means substantially perpendicular to a surface of an object.

Ref er ri ngdtagn Fargunqls age tgmecated sweh tmtrtaﬂg@mmomtsmmmmnmla

| basad tta k
Toa. “°Sol B0 aeithEVEALY S BTl sBU fed ot e P bR " & RakTPR et waen
i ntegr at eg"m;ﬂjfr Festol to me@el@rzmaa% 4d §du Rerkadtickifinal SOAGEThiS wiRse A8 R ©

soneti mes erred to as C4 bunps because this style of interconnection is
used in omeddiarem. cBpsigpse ipdesanata & earijculer souray/draickiegininal 1OLGA

Bt aer bapre ToueLPEATHEE) LMK BdrS i THEYeRERE o REaeB R bt age 104

and pri ntfgdnmgnmhetn theREF M isl&Seralal! inha eirvay. el ectrical connection between
integrated circuit die 102 and printed circuit board 108 i s made through

OLGA package 19de dirverichS a8 EeReEREIC rﬁéé’r%ﬁ@ﬁfahﬂé‘l iRl &L, 104.
It can be seen that sol der bunps 106 are el ectri cal nected to sol der

bal | s 110slyacd oftar obmectl ons 112. Int erconnectl ons 112 are typically
netal |ines on inter CO{mect nor e, t han one

998 1 B S L evels
i nt er connect | 89 "”i"g QEEY," ALERNERYPR arﬁ%@%%@ﬁ”h‘ﬁtsglo“ﬂ WBE™HA & he vari ous
layers ar gjitoRbesdd mtégmeqy@i?cunt dieOMENist A 4R @ arY DA A Backage 104.

Solder bumps 106 are used to provide electrical connection between integrated
circuit die 102 and OLGA package 104. Solder bumps 106 are sometimes
referred to as C4 bumps because this style of interconnection is used in
controlled collapse chip connection (i.e., C4} packaging. OLGA package 104 is
attached to printed circuit board 108 by solder balls 110. Solder balls 108
provide electrical connection bétween OLGA package 104 and printed circuit
board 108. in this way electricat connection between integrated circuit die 102
and printed circuit board 108 is made through OLGA package 104.

Fig. 2 is a schematic cross-sectional view of OLGA 104. It can be seen
that solder bumps 106 are electrically connected to solder balis 110 by
interconnections 112. interconnectlons 112 are typlcally metal lines on one or
more interconnect levels. When more than one interconnect level is used,
connections between metal lines on the various layers are typically achieved

through the use of vias.



WD 01/01486 2 3 0 E C 2003 PCT/US00114588 Fig. 3 is a schematic 23 DEC 2003
Cross- secwioon#al4séi ew of one enbodi ment of an interposer 11BTHSUEESEdance
with the present invention. Interposer 115 includes a body portion 116,

sol der bunps 196, I Ep@% _dL O Cly - i ng
material 120, gﬁ’dsﬁgé“‘gﬁﬁ a tECZ‘}]JOI%}? %%'@E?Fﬁ%g’téfail veemerjgr%g%[g?ﬁréﬁ]]tgﬁ body
portion likgerpsér $1% ircancedbate atith theypiceaht hvehiion sidteesusesuhst rate is
simlar to the substrate used to produce integrated circuit die 102 which

wi || be atchsiesds bedy pattimpbtersalder bpmperdin sebisr ad 1B ingycumeriemed
f such.. d b d,by. :
dual danmd LRSS mARRRCR0. "B R¥pt: 192 TR ARY IR BIER SPER Y rer °

sui tabl e Hsafgen%fn {18 @ £9ilic6ARIBEIYE ir?ﬁi%bﬁ@ﬂﬁ@ﬁﬁib@ﬂ%ub%béffs dimmps 106

are adapt ed r connection to integrated circuit die 102. Solder balls 110

ar e adapt edtHfeosubstrane ased o poogudentrdedgrated cuduit dieat? MOB:h Bdeps attackErR i s
an electrically conducti ve@pat hwa first side and a second side

bet ween ﬁ
of i nter pibErerRessT The HEEOBNCFIPes J8ray bs tPRREC O SomEaasan & h
sol der bUHBdé O8nHNa Se_rfSIfn?é@rﬁ)g és iagg’%g(ﬁgﬁe‘ﬂ?b&’és%' degy rdt%rg%&%rn@%mly as

the top-side, or front-side. I nt'er posér 11 I's popul ated
Wi th sol dpfodeak| s slivfiactye beal pferessd ot angotitdresuitebialrreitded obforming
alternatively the bottomside, or%back- side. Fi 4 is another schenatic

cr 0ss- secEPRAIVE IRGTERNNEFIIORE e RJdBF DYHS; 16 %r%&%aﬁeéomw%@nﬁ? esent
( el Lo OT .. f
sol dor paltedalsh Buifde, tpf *GoReREAR 1Y SrefadBlicd fqr SBtindhiBRbrnte ©f

can be segpcidifBdaidrog hDeephde 100t ierarosiBeticaiy condigdtiviespathghilyesettvbama t hat
of board-side interconnection pitch. Al though no particular relationship
bet ween t fiest sidecandf sagendisige of HuemnsepddPd- diadeide if drlesppeartilonbal s

required b he, present_inveniian, it.is | cal e_pit of the
chi p-si dep¥BPlté’?%%ﬁ"H§cﬁqi%?{is§£'tillﬁghctngp ,beprﬁg%ﬁégfb %%’mﬂﬁ gr!b f'ﬁghg?he pitch of
the boar dafbgitilekelCORNBBIFiIGNSor froft-sifie] TrRNQESeN IReRRIBRYI1AS that is
cross-sectional view of an interposer 115 in accordance with the present

i nvent i onpopulatéd withiseilértballanl Bemsaebe refatreddapadhedoardsidenrd 134 are

i nt egrat edlliﬁpr{?i%g%&f}ﬁ{?%o@ %rgg,'%\%%igic_%%%ﬁiest‘&ét 130 includes a pair of netal

pl ates an@ al plates are essentially the

same as metal iFWq.Q:r UGS SschkBnatld cosERiadtiopalvib® diadr Ritegibset MBiANY
desired shape, dlthough typically capacitor 130 has rectangul ar pl ates.

Di el ect ri ecoatdancalwittterprgseet aventian.dirthis vieveit cendicantemmaeicigaryuch as
bari um that a plurality of solder balls may be included as part of interposer 115.
.Additionally, it can be seen that the chip-side interconnection pitch is tighter than
that of board-side interconnection pitch. Aithough no particular relationship
between the pitch of the chip-side and board-side interconnections is required by
the present invention, it is typical that the pitch of the chip-side interconnections
is tighter, that is, smaller, than the pitch of the board-side interconnections.
Fig. 5 is another schematic cross-sectional view of an interposer 115 in
accordance with the present invention. In this view it can be seen that
capacitors 130 and 134 are integrated into interposer 115. Capacitor 130
includes a pair of metal plates and a dielectric layer 132. The metal plates are
essentially the same as metal interconnects 118. This metal can be patterned
into any desired shape, although typically capacitor 130 has rectangular plates.

Dielectric material 132 may be a high dielectric constant material such as barium
9



9 WD 01/ 01486 2 3 DEC 2003 PCTTUSOOI 14588 strontiumtitinate. Capac?®SdHC 2003
134 i ncl u¥&sL{iéd6substrate, or body portion 116 as one pl &C&USAHHSEE second
pl ate which may be fornmed of a conductive nmaterial such as, but not

limted t et : il i tric lLayer.13 may be a
hi gh di ol Sroftifilinale SRELB0Y aé’bé’ﬁg&n‘a@ SR, B Bt P8k T1s T8,

parti cul asndipthtechntda sederd glate which elagig igmielict knessiuctve eRMémAd by the
present invention. By placing decoupling capacitors closer to the
i nt egr at eTMET peubYt BRlIMiterhip, Goledabe héarddseo!peliqars 4 Biedeattic layeod36nt i onal

packages iLonter. : -t esi.rabl arasitic inductance soci at ed
with the AT *Eﬁ?%'§%‘ﬁ'sec%ﬁ%%§l ’ES}E?F%@% Kt t?esagﬁﬁ‘éj%aﬁtsiﬂglopyﬁ%ducgd.
Fig. 6 i spanriunerdiseletdiaterdl 065dResdti@NAtknEseW AfquRBd ibYHRE PPS&IN1115 in
accordance with the present invention. In this viewit can be seen that
transi st dn¥entionafy placegrdgcaplingsanaciesodeseria e Miegrslest wrowitide are

i nsul at edlh a\;ve iytellh% e{f céttréai ﬁ&hﬁrsngFEfTer and i nclude source/drain
termnal s £ _,Oa e BET R T Y AT éf Bf FP &L iﬂ'@,rp%%e@hom in
Fig. 6. Rhanghésirshld$Qradiiy ireRictasdBsicidtbd wvilrthp iediiighe FETS. Those of
skill in the art and having the benefit of this disclosure will recognize

t hat conttenRNeBipnabRrangaamenéis aubistaptiahamidce®ETs may be fabricated on
substrate 116. -Th resent inventjon does.not, require.an articul ar

el ectri cal chafé%fselgiasqq?@%r %&%ﬂ?g? RIS ERFHERER S _O* ?'%E}I/%O%fﬂd?g'l‘ﬂe
present ifvesrdafBe S HRSpreBent iheatish] Mt viewiBEaehbY sebn thassi ve and
active circuit elenents into interposer 115. By integrating various active

and passitvansistaraiidOctrenatagsaiatt inte frdernoseeit pos éransistoriss 4foarsi ibkelater

i nclude circuj.t, functional ity i t he .i nt er poser. For, exa

el oot 1 os R ielP ARG GERCElst (IR ROk Fr BEPEE D BT RS IREHR ¢ he
I nter pO_Seélec}r"&%@,@Qﬁ{ e a@&dié]@cﬁitrsdﬁm,%fs ShidaPl iR Eigl. ”Gra%istd}fs 12¢ch
protection circuitry on the integrated circuit die Which will be attached

to the imegrippeahar@ierFEdsl of p-ohhanetpés. dhose otskilt infthecrt andbavingmay be
incorporated into .the i.nterposer,. Exanpl i nclude, but, are not [imted
to. caohanadhensaniBe IS ARH, rerb BNBR dhe B iiace SaBen T ANE 1 cui ¢ s,
vol tage | evels 3l FETROMG) beUiabficatdPss subkidibad sl THeSeabht iABEhitAYi ng the
benefit of this disclosure will recognize that many circuit functions may
be i nt egréoesl nohtequire amy paposdar ¢lhatricaf ¢lmaraclaostioseorqinysicphdisiarsians cui t

el ement if%rq:cé'Psr qQBC efhvg ;tnr%s\é%{ in%%%ti%ﬂ%%daibre%%g ir?tfeg;[artllgn I %Svearllltety of
passive and active circuit elements into interposer 115.

By integrating various active and passive circuit elements into the
interposer, it is possible to include circuit functionality into the interposer. For
example, electrostatic discharge (ESD) protection circuits may be included on
the interposer, thereby reducing the burden of incorporating all of such
protection circuitry on the integrated circuit die which will be attached to the
interposer. Similarly, other types of circuit f'unctionality may be incorporated into
the interposer. Examples include, but are not limited to, cache memory circuits,
I/O buffer circuits, power regulation circuits, voltage level shifting circuits. Those
skilled in the art and having the benefit of this disclosure will recognize that
many circuit functions may be integrated into an interposer that offers active and
passive circuit element in accordance with various embodiments of the present

invention.

10



i nvention. 10 WO 01/01486 2 3 DEC 2003 PCTI US00/ 14588 Transistors 29 DEC 2003
i nt egr at YOI 9404486he i nterposer, may be, but do not need t oPEEUSOHEIEE Wit h
t he sane manufacturing process as that used to produce the transistors

formed on the Traheaaiaftdd bt et i_n{:é?f)?%ér??rrfef%ly\?ﬁ, Ebfﬁgh%ﬁ AEE49R e

integrated circuit die, and the circuits may “beé "dési gned
to operatadawitl thiersameangsutdctwold pigesss ahdrgaset he ptadunsithkors on t he
i nt er pos mar}‘/1 be desi_sgned to operate

[, .e}ndtthe c'rcitsforqe with th
at a secgws'sr Sﬁgé’rg}ed/%ﬁ”?%‘aé@?gg Ficydiey Jor xaMpifedrappisiors @ tg ri cal
char act efishie dirdunedie ChhE4hé cﬁ_t@meﬂa]bﬁeewtmﬁehﬂwgf@é %sigﬂ)épqtﬁhgi fferent

fromthe el éctrical characteristics of the circuit enent
i nt egr at epedite atEx iirglresgefol veltages,iwadreahtreacaresistots ors thd irtéplodeef f ect

transi stars, t hat differ hetween th j nt erposer and the integrated
circuit &'iné1 t}'ﬁcq"ifg@é fBUPegr%'lﬂﬁ i 'F?FYEH C{e@!gnpﬁrt@gqgrqje al& ?eff(j@,dggat e

di el ect rirgngs @akeRNGey 0 SiRA8Hy ORI 'oneR R tHd é(lecf??ccgfn‘%ﬁﬁ'%@’(elrﬁ g?}hep urrent,
junction | eakage current, and junction capacitance. Since suc el'ectri cal

char act ecirstit @eraesison dhg iftereaseomsayle tiffergifsire the diestrgral of t he

transistors it, i.s.possible to tailor t circuit el enents of the integrated
circuit &?\éracéﬁastﬂcpﬁeof of FOSEeIegiaits 8{]@?9’.‘te§EﬂieQ>@éﬁrg§@mB &sRfits on '? he
i Nt er pos @lledtB¥altthardefiranied o feRPEfal &anbisitrd Bedt d{%} LRGP Betidh i cui t on

the integrated circuit die. Referring to Figs. 7- a process enbodyi ng
t he presdnerpeigsmrioing wtegraded civewlt dieinalines biut ks totirmived rbodisheid |

chi p-oi a¥pge ST TRl Bl Rt TR CHEwRY oG ofStele e
subst r at euZ@at aschols iddiee eiritdend Rintken c: BYEfandf4 ek sucH @2 | ayer 206

formed on opposing surfaces. In this particular enbodinment, SiQ2 |ayers
204 and ZOB-teeal chpsaatgrisyicy@oastroog &undipok nbthe piysicabpesignmitteey 0.5. A

silicon pitri (:St.3 . r t VDI I bo 0.2i. thick, .. i.s then

f or med sE‘lﬁtgrS)sg%resn'? kssﬁgs'bgeyyg)rtaﬁggmeﬁ\@kﬁglews QEQWWEH@E‘?JO et 48 a

pl asma ermantedneipoteosepaptsly dEpeskimpr, CIREMDIN PRAARIHOSr rﬁa?%%ki ng

| ayer for etching deep-vias, is then formed and patterned over the exposed
surface &eskneg togrerappat igher vpfagesithpscirceih ondhe Siteprated eircwibdicar e t hen
et ched, which exposes corresponding portions of silicon substrate 202. The
exposed porti digfesingio Fam 7slbsa peces? embadgingttba peesemd dnvtemtiborin deep- vi a

described. In this illustrative embodiment, deep-vias are formed through the

substrate prior 1o top-side (i.e., chip-side) metallization operations.

As shownin Fig. 7, a sﬂicon substrate 202 has a silicon dioxide (SiO;)
layer 204 and a SiO; layer 206 formed on opposing surfaces. In this particular
embodiment, SiO; layers 204 and 206 a.re 1hermaliy grown to a thickness of
approximately 0.5u. A silicon ni_tride (SiaNg) layer 208, typically about 0.2 thick,
is then formed superjacent SiO; layer 206. SisN4 layer 208 may be formed by a
plasma enhanced chemical vapor deposition (PECVD) operation. A masking
layer for etching deep-vias, is then formed and patterned over the exposed
surface of SiO; layer 204. Therexposed portions of Si0, layer 204 are then
etched, which exposes corresponding portions of silicon substrate 202. The
exposed portions of silicon substrate 202 are then elched to form deep-via

openings 209 as shown in Fig. 7. It should be understood that although one

11



openi ngs 209 as shown in Fig. 7. It should be understood that althougf Ife00]
11 WO 01/ v@@12863 DEC 2003 PCT/ US00/ 14588 deep-vi a openi RETIES08MERA f or
purposes of illustration in Fig. 7, a plurality of such deep-via openings

are typic A P@q i i : j N rdance with the
pr esent |€i‘%/éeyntv fao : Tﬁﬁﬁwwrﬁ%@%#goﬂd%%?%é@@F@t gpg%%)r gﬁ' @i 2 | ayer

206 is reaudtedeep-niactpEtingmacstypBalRidrayel wheh raahsiaturaly Btabosstp | ayer

during the formation of deep-via openi g_%s 209. Referring to Flg. 8, it can

be seen t3fROTEMRYBABE PHETANG TVESPHERI dRedtiCh Rl efrap-da mpening209siopthat

portion j I r Lperia P-4} i-ng .209 is ched.

Si 3N | a%?gggoé%rgégg?ﬁet C %Sﬁﬁgﬁwéﬁgﬁﬁogpﬁg@gﬁ%&ts §F F%'?er 206.
An oxi de dtapesyetldlring) thBdompatmmofatedgal dpeaiingypbaces of deep- via opening
209. In the illustrative enbodi nent of the present invention described in

conj unct i on w Rbrefifl 18FIQ, | @ahBelectihal SUBRBEAXLIRNALYoMAdILPK. O« de

| ayer 210 may al so be reflerred to as a sidewall 'oxide layér. Subsequent to
t he for medéemviaf opedinig 2D8ytvat padionaof Bk iteyer 2@ supsfacent appeepssed | ayer
are sputter deposited. into d eP-vi a opening 209. The sputtered barrier

| ayer mwwfﬂqgo&'s ?éﬁ@,edha%'isﬁ«g ayet KO8 RAkSs3S eh ¢1RB stem lpyesfortbestaimef The

sputter ede: I al b\: i SS_. 1 I f -300nm
Chick A Torars Al Anpit ol i W oy i Wiy SEREe € ot MRERT e
vapor depdsidpeaing ZD4) In the ilddrnpereatbaiinieon df hiee posderit iriertibnt he copper
seed | ayer ma)é provide better sidewall coverage. A copper layer 212 is

t hen el ecdesspiogt da coeRCtPRYithTiacbpxidal2ye9 298 is@ppsotistadelyiabiyhitk] | ed

i th .. and | i ng dj d _the backside of th
't or posarvioeaSe Rl P 4t S ¥R Lo BReBp sk Sk Al Sk lerort tineitadl i ng
i ncl udes tgitRB fbﬁb{mo@@#oxia@%gehmbaélbiaﬁrﬁeraagepgﬁe%fcoﬁf‘;@ s'ta)a%)zﬂ%?enté"@ ver e

formed on Si2 | ayer 204, as 'well as the copper that has been
el ect r oplspndterdeppeived irfe fdeepivimopening 08I gTh® spatiSreePbamige fay2t4nag be

deposited_to iLckness of approxi matel d di sposed, superjacent to
i 11 con i Pr daN hpEPER K et S BRGB L M RO P SR FPo ey "
conpr i si NgyPNBIE, afdvirig a itSicki@dy ih Qe psh N 19@@[&%%%5&@%113%%%[31,0, Si Q2
| ayer 214.  The pattern used is one whicC corresponds to trenches “which are
to be forthedoppeogeed i3y snawhe farmediy aickhemical vapor deposition (CVD). A

CVD operation for the formation of the copper seed layer may provide better

sidewall coverage.

A copper layer 212 is then electroplated resulting in deep-via 209 being
substantially filled with copper, and a copper layer being disposed over the
backside of the interposer. The backside of the interposer at this stage of
processing includes SiO; layer 204, and the barrier and copper seed layers that
were formed on Si0O; layer 204, as well as the copper that has been

electroplated thereon.

Referring now to Fig. 9, a Si0O; layer 214 is deposited to a thickness of
approximately Sp and .disposed superjacent to silicon nitride layer 208. A
masking layer (not shown), typically comprising photoresist, is then formed and
patterned superjacent to SiO; layer 214. The pattern used is one which
corresponds to trenches which are to be formed in oxide layer 214 and nitride

layer 208 to facilitate a damascene copper metallization operation. Once the
12



| ayer 208 to facilitate a danascene copper netallization operation. h&&C 2003
the 12 WO¥OD1/01H485 2 3 DEC 2003 PCT/ US00/ 14588 patterned R&IRIHG148%er is
formed, exposed portions of oxide |ayer 214 are etched. This in turn
exposes I AT A s P 2 resi i ayer may

t hen be e%ﬁ%?nﬁsewgiggggﬁ fggrﬁtépoggp%%gbgﬁg?@?) gﬁ?ﬁﬁe lfggﬁglr]g%tr%en et ched.

A copper eaigd.eThlsaipaumaaxhbdsesqpions eeditlidy exyear20st Nee pHerosesised over the
chi p-side surface of the interposer including into the trench fornmed by
t he et chiRgsking taxersnaytharayeremevednd hei exHoged reienoBniede fayss@08above.

Payer 216/ 8 &0 Shest 5 PBPPLBARER Bt End AGBBERTEed RERL ¥ s of " he
barrier |deisitedevesiticechipwide oxiidee loayes inkddposAr loanding #abitas tapehat i on is

then performed which polishes copper |ayer 215 back such that excess
copper arf@rmed bydberedeipjoadf Hie axvderayemyipandininsedayanibbdessridred ayer are

renmoved fr.om.t U C j 4, .Th | anar,,zati on/ polish
back operiitiven 1 S0ttt BEFr 915 HHEEVRRIES e Sher I o AR oEPBRFhg
(CWP) . Dijsj@ 2 ssbatertialBIBRItBE tie®h 4 cHeerdIRd sLBfacP Ot tisd bagridhigygopper
and the barrier layer in"order to optimze the polishing operation.

Subsequertdppsitad sivier osideriayer 2. | Aydanarimtion elegresdn ésitheoveerfcopedr | ayer
215 d i.de | 214 h in Fig.., 9 Sili itrid | 216 i
Cypi cal | High el SoRReaR dbl PRk st Tiah st GoRPERPER MRS S of
appr oxi MadRtes pBndirfd urgciegryirilgppér*ﬂi@% dt Rge Bhiiet HyEr & Bintbved Rbkftheaddi ti onal

i nsul ati ve and dual amascene conductive layers are formed and patterned
on t he t cpuficgeiafxiddayer B ér gheeplananizakoripoligly brci bgeraticmeipdypicatly

superjacent .to nitrjde.|layer 216. ide | for an inter-l|ayer

i o ettr 1AEE DuAheTiF HEEar Gt pavee EXB0u TRt BY abgianes

t hi cknessmaf baRRRKIRbRNNG He cbPpACERE GANBE I Aye GO RYEH! icoGAimEdal
damascene processing, a masking |layer for an ILD via opening is patterned,

and the Ith®pulishiogermieaigtiors Shbpequaernibyd ai silieol ditridealgyer 218.is depesite®d vi a
openi ng nmaski ng | ayer |s.then r. ved maski ng.l ayer. for. a netal-2 (M)
Crench i S EROBS: FUPhGIS SAAPHF RYS PIACH SORTANER i Sirle TaGR 218
The M2 tr i ' ' ickhbieon
i de 1aer 2L e D A B 1A ed B e fhickhEsehg i s

t hen et adfeghprexipegelyd.tw underl ying | ayer of copper. A copper barrier
| ayer and a

Fig. 10 shows the structure of Fig. 9 after additional insulative and dual
damascene ¢onductive layers are formed and pattemed on the top-side of the
interposer. An oxide layer 218 is deposited superjacent to nitride layer 216.
Oxide layer 218 forms an inter-layer dielectric {ILD} and in the illustrative
embodiment is formed. to a thickness of approximately 10u. In accordance with
conventional dual damascene processing, a masking layer for an ILD via
opening is patterned, and the ILD via opening is then etched in oxide layer 218.
The ILD via opening masking layer is then removed. A masking layer for a
metal-2 (M2) trench is then patterned, and an M2 trench is etched in oxide layer
218. The M2 trench masking layer is then removed and the portion of silicon
nitride layer 21 6 that is exposed at the bottom of the ILD via opening is then
etched, exposing an underlying layer of copper. A copper barrier layer and a

copper seed layer are then sputtered into the M2 trench and ILD via opening. A

13



copper seed |layer are then sputtered into the M2 trench and ILD via 23Dt 2003

openi ng. 1/01486 2 3 DEC 2003 PCTNS00114588 coppe Ois
t hen el ecﬁééf’g\ﬁgg onto the copper seed | ayer. Copper Iayer%cjif%gqni“% s the

| LD via opening and the M2 trench, and fornms over oxide |ayer 218.

Ref erri ng doppiérgayerla2a & them elbtieoplated enjy beaspperbosy idjar.t beppeer§st
I nvention is described. In this illustrative enbodi nent, "deep-vias are

formed tRABLEE teelldy i pRering wiskihedME trenahe prgiferny pver.oxidshiayesRtil)

metal | i zation operations. As shown in Fig. 11, a silicon substrate 202 has
a silicon di oxidefgrgngay FigaykEr-1204n altereatsiel prooasdembbdgeng Sh@pjedeayer 206
formed on .opposin urfaces., I.n. this particul ar emodi nent, 5i 02 | ayers
204 and 2080BRET ReTeatiy oy Buifis BsTaR eihecther deth ueriedres ot A
si 1i con nithiduith (8 3031rdieWelbs2BBent DIRALILY (abeotb- Lfikatibs then

f or med superjlgbg]ent Si 02rl ayer SZ%G?HSi 3 Ilayélr 208b Sqrr%‘% rhgﬂa?%PHgﬁ by a

pl asma entepesatiossieni cal vapor deposition (PECVD) operation. A SiQ2 |ayer

214 may then be formed as an inter-layer dielectric. In this illustrative

enbodi ment  Si 02A% ahewr2ibdigs 1 depeticond . detatdSp Bihab aysiicodfokige 3Sidhi ckness
of appr oxi mateI%qa A maskin I_ayeriénot shown), typically a photoresist
| ayer is tayer 2@4 aed asdiosidoxigeyeiO layerRPeisrmet wadppesing sufacegpdee

h ' £, Si or 214.th dtq f h
A S S E R I
exposed BRIckhess PhpPr&drlA¥Q10.814 ﬁ@éiﬁc@rﬁ ahede (SHNH I ié&agca{ll yer 208

serves as an etch stop layer for this S102 etch operation. sequent to
the Si 02 etbchtd@p2u dhicknis thio fptoedsepegacers 3i€xdaed 208, Rifhebyba2d8 er | ayer

and copper_seed | ayer, are then sputter, depasited onto the chip-side

Surf ace ofMEREE RIGFEIRR PIANERERNANGFY REjaral Groy Areasion i ReVBYi ol such
as Ta or TdralohCh 81, %ﬁ?hﬁh%b{fﬁﬁ%%%é@af aﬂriﬁ%‘?-'fgye‘?driglgétﬁ R
barrier to copper, and ‘act as an adhesion [ayer tfor the “‘copper. pper is

t hen el ecthispliastestivenembciimeese8iDalpger 204 his thadsitcueovar Sihdayera20s fo 4 | ed
wi th copper. and a copper layer is also forned over the renmaining portions

of the chitPiC&Nass ol 2PREITAEY Sor firBRSIHPI EBiFpdROkBIoNED. Waicslive 't he
e oGO, KR GARET ey OSSR He o L LD

operation XCess €O sults in
the indi viedpake thoppgorittebt BDekliyetl Pnaghatloreas whewbved 163beitrehehes
A

crosss sectf(i):)g diar}naF:i-;génel%ietal process. After patterning the photoresist, the exposed
portions of SiO, layer 214 are etched. Silicon nitride layer 208 serves as an etch
stop layer for this SiO; etch operation.' Subsequent to the Si0; etch operation
the photoresist is removed. A copper barrier layer and copper seed iayer are
then sputter deposited onto the chip-side surface of the interposer. The barrier
layer is typically 2 material such as Ta or TaN, which are electrically conductive,
present.a migration barrier to copper, and act as an adhesion layer for the
copper. Copper is then electroplated onto the seed layer such that the trenches
are filled with copper and a copper layer is also formed over the remaining
portions of the chip-side surface. That portion of copper formed outside the
trenches is considered to be excess. A chemical mechanical polishing operation
is then performed to remove the excess copper. This results in the individual

copper interconnect lines 215 as shown in schematic cross-section in Fig. 11. A

SiaN,4 layer 216 is then deposited over the chip-side surface of the interposer.
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Si 3N4 | ayer 216 is then deposited over the chip-side surface of the23 DEC 2003
i nt er poserwglftofsgg DEC 2003 WO 01/ 01486 PCTI US00114588 Si 3 6is
typically formed by a PECVD operation and is typically for %}L%Xﬁﬁgél

t hi ckness of approximately 0.1 p. Si3N4 | ayer 216 serves as an etch stop

| ayer for §lab|séﬁwi§rﬂ1G\/usatyif)@ﬁﬂ'an‘mmned)pgraai?ﬁiﬁld@ opardtion SAd actypicaFly foRaéd i er
lon. Wth res t to the renoval of the excess copper

to copper t

descri Egd Qb%g'égk%‘?ﬁ?c%f ARPOXER Oc%p%’ﬁm b’W@IT 3lﬁ)§§d’e§®rﬂraemw|apr | ayer
whi ch t t] th
VP Cond teotdns RRgauEht 118 Bl BheRucAes 5@%@ Ehepigfg s 1"

down- force:oppﬁramgmmtm‘peed terrperature, and so may be varied as
bet ween the copper layer and the barrier layer to achleve t he desired

resul t. Fig. 12wahomspebetStHdidibealdft the gxcekt & fpgstéyér %r? \}%f%?rﬁfenet al

operations are performed in order to produce an ditiona
i nt er conndBe &%0888 CopPRT isilispiosdsipoatd barrentayer whith, pateduely lsmascene

| d f I
and vi ae st R HFEF R e e Bferiis  PoAeited Hr ENE Gonaons raciaadbWavi ng
t he benef ifotaimitdy fo, Gise) RERAsIN, |dovﬁpﬂj’r8€'r6fa%onts%@5ﬁ SRS Irfr%.u ?VEJI& <8

i nterconnect may be fabricated in this fashion rative
enbodi mantorh repp e afied 23 Betwede Yos coprErdawET aBidINg daany@rla?é:ﬁotarhaeve
thlckness rreWe ely 10 to forman inter-layer dielectric (ILD). A
first ayergﬁ ot shown), typically a photoresist layer is then

f or med over Oltg Ey 1@1 gtd (gatte ed so _as, to expose those portions of
Si 02 |ayer 218 f'fat SHows thepaly '1901?éﬁﬁfwt@eaﬁéqﬁeﬁg@gmerah@w

damascene dretg ﬁ&mmsordefr\ftégm td 86 BN 0PI A PlorcbSETRESSD.

portions of SIQ2 |ayer 218 ar Icon nitri
an etch stlﬁﬂhlSaUmtratme embedineant, etmhlral dapwmén@meiﬂlba&ﬁumeéglémc& 02

tch t t t t d K I t
Showe) 1 = PUPHRd"E AEPYSTGE iRl e MarEonavies BRbkeen Biaisonaea Jpess.  hose
port ions ofndieddlléy Bf il et naifig iR Bendth Shatls BRI Wi sBeERyd or L he

metal interconnect lines. The trench etch renoves the expose to a
dept h t hatthaugrverat lexelsyofcoterespoadsnap beHabriteded eﬂhishﬂashlmelsslnoh:st he nmet al

I h d h
or t1 ons. UL NEHMAPRITHE T 508 028 51 Hdk e es f0ee 8 e ¥R AR B of ¢ he
via OopenitARRn85E of BEPraXimatsly 10)CHBIMm RAARRE-NL, < Rfe I LAHE L) NS fipPPer

i nt er connect
masking layer (not shown), typically a photoresist layer is then formed over SiO,

layer 218 and patterned so as to expose those portions of SiO, layer 218 that
are to be removed to form via openings for a dual damascene metal process.
After patterning the photoresist, the exposed portions of SiO, layer 218 are
etched. Silicon nitride layer 216 serves as an etch stop layer for this SiO, etch
operation. Subsequent to the SiO; etch operation the photoresist is removed. A
second masking layer (not shown) is formed over SiO; layer 218 and pattemned
so as to expose those portions of SiO, layer 218 that are to be etched to form
trenches for the metal interconnect lines. The trench etch removes the exposed
SiO; to a depth that substantially corresponds to the desired thickness of the
metal interconnect lines. The second masking layer is then removed. Those
portions of silicon nitride layer 216 that are exposed at the bottom of the via

openings are then etched, thereby exposing the underlying copper interconnect
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15 WD 01/01486 2 3 DEC 2003 PCT/USO0/ 14588 |ines 215. A copper bari¥epEl 2003

| ayer andwgoppausseed | ayer are then sputter deposited ontp@yihi@osddsp- Si de
surface of the interposer. Copper is then electroplated onto the seed

| ayer such that the vias and trenches are filled with copper and a copper
| ayer is H8S02Tdr AEPPHRELA{IIRE 3 xaraNgi GpPeopepdryasfaretben spiuglesi de surf ace.

That porti f.arn i S~L.s. considered to be
excess. Iﬁ%gb%dgﬁg%m? ﬁgrpgt?g%gphrﬁggg} &'Eﬁagrﬁggaft%?p'?%rr Fﬂgf’npr ocessi ng
oper at i onslectoplapst botomed deeddag@rsuch tpiaieceatadeeRnchas aenieg wido. A

maski ng Ia%%epr, such as photoresist (not shown), is fornmed and patterned on
t he backsiRPgTiand a copparlaye) iaaswiormpg aver drg trrepinieg pertiansexifbee t hose

i : ' : d.f he f i f
Goep-vi < IRGGRuAE ! TRA b0t B Ialtied STRYEF 3hrebidBet on et ched

t her eby exqrosdevedpoblel @esef silicon substrate, or body, 202, of the
i nterposer. Deep-via opening 209 is then etched through silicon substrate

202 wi th oxi deFigaygishdWe tAE strilenae ofFigl OharkdraBrthey ffocesdl LiGROW i n
cross-section, deep-via openings 209 are not imted to an particul ar

shape, argterpsrifdmed incutdar to preduaagudesp;viaopeairg 208e Acormsking lapet, ygonal
shape when the oReniegés Cirf r‘{i e&ﬁd II@romthe back-si.de surface. s>ubsequent
to the f FHRNOPTARIRLINGT 8 oRhiT§™EY and palrinedonghebagkside (& or med on
t he expo { I \ i eep- via
openi ng ng&rﬁgi?%é ?ﬁgﬁér@ﬂ%i"oos?tgtgﬁéq?%xﬁgg‘? B@ﬁp%ﬁi@é‘ iotriig)n "Jifssdygg%[r)gxi mat el y
0-s thi ckhahatk telye bEmdepd &irttee {dynalioald eephviaa @09, dEpoekposed ( CVD)
process. Portion 206 that are exposed by deep-vias 209 are

of, oxi de_| ayer > C .
then et cHESJUCRS Oiaﬁ‘dﬁgalé%'egqui %’el'—‘f‘éf.‘ e{ehed BRI NRIRNS RROAF PovlGBhs of
oxi de | aygy oL 4 i p e f.osilbeon nliri ayer
208. The efgo%ggd& porﬁi’ gﬁg %fftﬁg?'ﬁi@ odr%gﬁi ge%ggﬂﬁg%grn ﬁ%gﬁ%pseﬂ{%r}é%tgg éhed SO
as to expghsmighcsiticespostialg 20arwitoogdefayeoRo6radimyeds 2a Bictrs®hp hgeshows t he
structure of Fig. 13 after further processing operations are performed in
order t o HHRHEEShUWPET Cloggeechan dgePcsia PPENEIGEeRR draaneblémitad to 208, and

o 50, SOV RS R i P B0 ARSI AR o DB AR o, 00 02
by deep- idyggresiishgp@ Gghear thercpravrat dryg vidwedd fpm e bppetideasiffade.| ayer and

Subsequent to the formation of deep-via opening 208, a layer of Si0O, 210 is

formed on the exposed inner surfaces,ralso referred to as the sidewalls, of deep-

via opening 209. SiO, layer 210 in the illustrative embodiment is approximately

0.5 thick, and may be deposited by a chemical vapor deposition {(CVD)

process. Portions of oxide layer 206 that are exposed by deep-vias 209 are

then etched. As can be seen in Fig. 13, removing the exposed portions of oxide

layer 206 exposes corresponding portions of silicon nitride layer 208. The

exposed portions of silicon nitride layer 208 are then etched so as to expose

corresponding portions of copper layer 215.

Fig. 14 shows the structure of Fig. 13 after further processing operations
are performed in order to produce copper layer 212 which fills deep-via opening
209, and also covers oxide layer 204 on the backside of the interposer. As
indicated in Fig. 14, those portions of silicon nitride layer 208 that are exposed

by deep-via opening 209 are removed by etching. A copper barrier layer and
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16 WD 01/01486 2 3 DEC 2003 PCTI USOQ 14588 copper seed |ayer are thgd DEC 2003
sputter depvoeidigd | nt o deep-via opening 209. Copper is theacTalsotinzspl at ed
i nto deep-via opening 209 and onto the backside surface of the interposer

Figs. 15-16 illustrat ' L hat both th
or Ocess s RS RN M FEDSP A IREA A GReHey G<oP7128 2Lhe  deep- vi a
First procgsser ididedbldiirbbRted hio @éebiﬁ@,o%%ﬁf@’%ﬁ%laﬁétor% ‘H‘F@%é?sssiﬁ%‘c erring

to Fig. 15, ‘excess copper on the board-side of I nt er poser | renoved
by CWP. Asurfddd ofitbe aptprasieat ed by those skilled in the art, a two step CW
process may be used wherein a first slurry chem stry is used to renove

copper and a sgigents-gbulusiratéproceissing Speragidntinal rouening teaidthehel ayer .
Simlarly, excess copper, as well as,.the unneeded gorti ons of the barrier
| ayer onPfOBESEH Prawiyenddesridbehingsgrmnstion dith Eiasy ddl Bithem=eprwa firshai ni ng

exposed 8'%%8%2&& &nﬁr,\_-i%gjj@p& ﬁﬁet(]%egqgﬁll %Eé{gkzﬁg Ni / Au pl ati ng operation

such that ayers are' forne € °'chi p-side and the

board-side of the .interposer. The electroless chem.str rovi des a.

sel ect | ve. depoBFErGi B BnaD SE55eaePREL o1 R 1R do o PhHe B TRERE e
structur eref?rﬁo@cgoy &Rraf nehwil BY eipple A8 hP T s PEIARRFHI 1RE arDREMAS s@d}s are
performed in order to produce the screen printed eutectic solder that is

used to aCMithrazess mayypaueed wiheceinta tiise stuont tleemistryrip ased to aathavee
interposer to the circuit substrate. Mbore rticul arl t.he structure shown
n Fi g TE0PHa; 20k BT 1 CB I ng Bt Tty Tt iien on it
backsi de, Simifsrly, bkessReppdr, dsifel] Egghemrﬁﬁbé@y@boﬁi@hgwtmbbmér lspetter is

then patterned, wth conventional |ithographic nethods, to form solder ball
pr ecur soroz theuchiprséde obthe igigspesi@ieIrgmoyeddry Ciiiie Thayemapmipgiexpasesed on

t he chip-side of.the inter ' rated. . n Fig. 16, Polyimde | ayer
228 is th%?Ppp?a{t'? g}eﬁe%fbj‘%\ﬁ?ﬁ?%gh\%n fdollﬁgjﬁﬁfﬁut@%BP%BH?%‘??&%%%S%W#O expose
portions Ni/AQUayedyors atddorrtDbh BbtHPHeSPhipsHdE e e pRSIrdistde epgiation is
performed to produce a | ayer of Pb/Sn covering the top-side, i.e.,

chi p- si deintdrposer. | Theeelgstieless Themisinppeivides ays@leadive pigpgegition on fHe
patterned_to f%rm { rl1e ﬁo‘lﬁe er bunp precursor structure 230 as illustrated in
Fig. 16. SRR Y Y he art and havi ng the benefit of this disclosure

will  recogni ze that, Lhe O derLig% 8F Fie b Ae PO S Rt A e M e
operations are performed in order to produce the screen printed eutectic solder
ihat is used to attach an integrated circuit die to the interposer, and the
interposer to the circuit substrate. More'particulariy, the structure shown in Fig
15, is subjected to a Pb/Sh sputter deposiﬁon operation on its backside, i.e., its
board-side. The Pb/Sn layer formed by this sputter is then patterned, with
conventional lithographic methods, 1o form solder ball precursor structure 226.
Subsequently, a polyimide layer 228 is fonrmed on the chip-side of the interposer
as illustrated in Fig. 16. Polyimide layer 228 is then p'atterned, with conventional
lithographic méthods, to expose portions Ni/Au layers 224. Another Pb/Sn
sputter deposition operatjon is performed to produce a layer of Pb/Sn covering
the top-side, i.e., chip-side of the interposer. The chip-side layer of Pb/Sn is
then pattemed to form the soider bump precursor structure 230 as illustrated in

Fig. 16. Those skilied in the art and having the benefit of this disclosure will

recognize that the ordering of certain process operations may be varied and still
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17 WD 01/01486 PCTI USOO 1458 3 DEC 2003 achi eve the desired structurgép@glmm
such var i,ad jflggd N the ordering of the process operationspgrRsemiss

to be within the scope of the present invention. Fig. 17 is a flow diagram
illustrating a process in accordance with the present_ invention. An

i nt egr atwievﬁftﬁﬁ gesifad siUCHiTBr pokeChayasiadiang isdhgordering Ofa@é@rfaf?a?ﬁ;se with
th t ted
oi fcﬁlr It nc%%}g? ﬂ% é%%n@[cfe?g&tto bPVﬁ[W\ ih 3R sEQén'o@tlﬁr% Bf%%h}rg—rv% integrate

{ant) 211y si m J0er T ¢l expansion. I n
t | di t t h dth t ted t hav
Subst rat o5, - ar€o'7art Pl He0det ARRTEUNE B Eet Thags Prore LUBIbEnt  al 1y
the samg, e@@hteirrfv@bhoﬁs AN irREGMES cirbtiE ah BT PASBbseNgrel diiIdl 8§65 21r¢d

circuit 'may both fabricated fromsilicon substrates. I'n the case where
t he i nt exquasdands withdiine prirnriplas mditiee ipadsesd dshvergion, thaiotgrpeaed audthe rcui t

O g SopblaP s SRR R B0 BB T

circuit subsi a?gﬁé%é%ﬁaeﬁ@ﬁmeqn?er pBE& M e frﬁé'g!;ﬂatél?é‘i?cgmﬁé% the interposer

are also coup i nterposer provides a nechanical connection
bet ween gutsstraregalabedfaredin as dodigshthdiareunade dwbs sulastentidydheisens | y,

the i nterposer provides nd e SI nal , pat hways hr ou dy so as
to el ect'i”@&fl'a}ypéoﬁﬁleé‘af'?fg ﬁfe Y%{Pea ?’?‘i’:ﬂ? rﬁ’tec‘%'é‘r%f' '@Gﬁb t%ﬁﬁst rate.
Anot her %'btn%fb%wr&% §ﬂ98rﬁ“sﬁ%§frat%fs tlh%hé”c%é%hér@‘dﬁ@‘irﬁtefbds%r‘i’sexﬁﬁﬁbbed in

conjunction w-t whi ch show various stages manuf act uri ng of

a sili cloombasederiat equmgersﬂmmevermusdewlt/e@sn@me, mokuniﬂw Pittnotdmites st age
process  that results in sl ed Sld? IIs n a first of t he
i e

Reopovi dS: Canacipsand gpSsid) Belebe e RElORE L S ar to

the one Qéﬁﬁfdnﬁﬁgtdr%%ﬂﬂf&%h@g?mééhbﬂsthecmﬁmoﬁltf@r@ie 38p¥KarhpleRd gs 7- 10,
except that the deep-vias are tormed wth a portion of their sidewalls

bei ng s pireted aimuitdroandanndubstirtarpeddrnare @lsa caupleRS08r rihgyintalpPeey. 18, a
schemati c cross-section of an |g%§rﬁ%gser LS S

i Uh o opiEHCEsR R S Sl BonIRR e o I Shiptel it Rl ar pye 2P 19
silicon suhstdiat Q\é’@ﬁoﬁﬁ@y ?théllrQ@fbd@ér@%J|@§§b§nagé{ave2§@|1alqmw }05 t hi ck,

thermal Iy grown on each rajor surface thereof | ayer of silicon nitride
is t henll'tde:pgts its b dyos@ as Ho elerigealbf caupde th® lrn!@graé eirguitwilh theccigaul ayer
206. A £ VI a masking layer is then patterned so as to coat oxide |ayer
204, exc%‘(é? 88r the areas that are to be etched to form the deep-vi a

openi ngs. Theagwpasealtemative embodiment of the present invention is described in
conjunction with Figs. 18-21 which show various stages of manufécturing of a
silicon-based interposer, wherein deep-vias are formed with a two stage process
that results in sloped sidewalls in a first portion of the deep-vias. The process of
forming this interposer structure is similar to the one described in connection
with the embodiment shown in Figs 7-10, except that the deep-vias are formed
with a portion of their sidewalls being sloped, rather than substantially vertical.

Referring to Fig. 18, a schematic cross-section of an interposer is shown

after a deep-via opening with sloped sidewalls has been etched therein. More
particularly, a silicon substrate 202 has silicon oxide layers 204, 206, about 0.5p
thick, thermally grown on each major surface thereof. A layer of silicon nitride is
then deposited to a thickness of about 0.1 superjacent oxide layer 206. A
deep-via masking layer is then patitemed so as to coat oxide layer 204, except

for the areas that are to be etched to form the deep-via openings. The exposed
18



18 WO 02/01486 2 3 DEC 7003 PCTIUSOQ 14588 portions of oxide |ayer 2DHE7EH]

t hen et chegs oii@geby exposing portions of substrate 202. Arcyesinegsc etch
of silicon substrate 202 is then perforned to produce sloped sidewalls
partially through silicon substrate 202 as shown in Fig. 18. An

ani sot r opPONEHPT i &Y S K0P R REAEN Pl bRDI theebyExposing ResEensef 409 as
shown in Kk '2J£9Aﬁ9§'a'r6&ﬁ&'e?&1 % sABLALLARAE A RS hORL a3 £ N
creates 7an oxide overhang portion 410. Fig. i “a° SCHeRat e

Cr oss- secpictucthelispad sidwvdptparpasetholighisticod sBbs@dteero208s s &t Frg | ayer
is formed on the sidewalis of the deep-via, and an electrically conductive

materi al 18 91 ABGOtTRPithelcide phan nerforseddngompiete seepatmopanipg 9ms et ch

desi d 5 f+t.h i f.oxide | ayer, 204. . .Si h sid
of "over hatliPHEa T B 3beF T FRIET 3 nitilahe A RSP udR i i Rt tvel v
et ched atafh Wxicke bherh: stiogg1de | ayer 204. After renoval of overhang

410, a sidewall oxide 210 is grown over the sloped and vertical portions
of the deep-vi &igilikisad behematc choskaestioroshaoa thaintrpogecagigr 18 di f f usi on

barr i d_| th tter d ited, i deep- vi i
200, Coppatet & onefiiEie Bvks iy Thuipd bh e SRS Bhime Gra VA AT BRat por ti on
- of deep- Mb@u%n@!dwud%f&av@wétagaﬁgb@hﬂ@aiiﬁhﬂé/dé/@%biias:ﬁbveﬁpﬂﬁgvahbsg to

provide a conducfive coating over the sloped sidewall of deep via 409, and

to provi deeraoeedn st wet etdregesigose to exindee Ihali éhe #0ckneThef cagledayéa20bws t he

sl oped sidewal| of .deep-via,  openj 409 so that a groqve type structure is

For hed, - aSTeRoup 8 61 OY8m el 0 3ee SkoSes ithe Yl elRmurhBro Bl o o
layers and dfeethanPefnel Mitdice m%aﬁafﬂegﬁ okfiRI8ydTical ARt ¥ vapef s 1s formed

by the dual damascene netal process described above in connection with

Fi gs. 9- 16venmhnig 450, a Sidedall diae Rd Hiis grdinh ode nibetssopafd aind vertieakent

i nvention provide an interposer suitable for electrically and nmechanically

- coupl i ng BAMtARSRYriRESEeR YidfigeWRks toadhispras eltabout Qi A CQPPRer provi di ng
a good nm I [ Sty aald b ) t

pitoh, andiustin AR Hnd ST ER LS MAT AT deiBshed B ok L BOENEL,

i-nt er pose409 ACasheatit tigen efecpaptated|sar astdorbsiamtizdly 6ff thdipopi@sehtieggrvent i on

is that high dielectric _constant materials nmay be easily integrated into
t he i nt er Yigspening 409 having substantially vertical sidewalls, to prowge a conduclive
coating over the sloped sidewall of deep via 409, and to provide a conductive
layer over oxide layer 204. The copper follows the sloped sidewall of deep-via
opening 409 so that a groove type structure is formed, as shown in Fig. 19.
Figs. 20-21 show the formation of two metal layers and two layers of vias.
Each of these metal and via pairs is formed by the dual damascene metal
process described above in connection with Figs. 9-10 and Figs. 13-14.
Conclusion
_ Embodiments of the present invention provide an inlerposer suitable for
electrically and mechanically coupling an integrated circuit die to a substrate,
while further providing a good match of thermal expansion characteristics, tight
interconnect pitch, and integration of active and passive circuit elements into the
interposer.
An advantage of particular embodiments of the present invention is that

high dielectric constant materials may be easily integrated into the interposer.
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of capaciyergroidzat may be used as, anong ot her things, degpgRlsoffhsss
capacitors. An advantage of particul ar enbodi nents of the present invention

is that _field effect transistors may be easily integrated into the
i nt er posépis {aciljiptes the fanpaiant Jrpnzgiterdaat wryiHeadsgthas hemang ether havi ng

t he beneLﬂiﬁggfdeécmpsfi{laic%(bae%%e t hat many design choi ces are possible
e [ 0 e

I
withint copé present invention. For exanple, the bodies of the

integrated ci puativahitagard pahieularenssqirsents@thberbssmadvEnGeH MRt i al
other than silicon. Simlarly, conductive materials other than copper may

be used field effestitrnsigpromay s easlyimegiadedmto theintamesesser or the

i ntegrated cirgcuiyt t I: u st.lfutin dhesi on
| ayer for the Itgég'p”pbeer ﬁﬁg%gﬁgeoroat:)%%rg go#}{I?ﬁt'@%peogﬁf@%ltﬂﬁ%{mégh%#neﬂﬂggr por ate
transi st gis disloglratthhbr@ny alegignsaratdasge pRiswRRn withaNgicsi &6 Fe obRP! es of

such adhesion |l ayer materials include, but are not limted to, Ti and TIN
An exanpPeesgntanyamtionerF el x@mpiei e bogiasef thednteprated:girciittdieiandsthe

than 5 o8By, bETORTE i naltdl) PReP R it Sl i, "'

vari ous gtdefiaghsthgethdmcdiper dedyabe asedrat Rinmathe, varidnd iatdrabgresgton of the
parts and steps which have been described and illustrated may be nade by
t hose skthe tdeinesener e integ/aley eireitydmether alleraative ingludgsosup=itwlinthout

ooy AL e B 0PSB WL I g e 1

el ect r oniMzonssedinane =] of ingt haveliaege pphtidgnbetwsdn traasissostrate, the
die conprising a first plurality of insulated gate field effect_.

transi st BXaMHUS$ RGSHCH prbesieriaysr edtaelsiivcide Rittasediat dmitad tad tigRfer poser
i ncl udi ng:\g fa i STl [ . [ surface
attac hedg{hg' t%iéﬁr@ﬁ[%&g%fﬁg%r%ﬁﬁp@% hgggllent er %ﬂg ngJk &?&%F'Fg‘ﬁémé:ﬁ cond

pl ur al i t pubhot limikdtedhgaire ddpea akiddd efcdilidanansthet tian BéU), nas thesietnd set

of electrical characteristics, the first set of electrical characteristics
i s diffel3§ ¥2'8fChe second set of electrical characteristics: and

It will be understood that various other changes in the details, materials,
and arrangements of the parts and steps which have been described and
illustrated may be made by those skilled in the art having the benefit of this
disclosure without departing from the principles and scope of the invention as

expressed in the subjoined Claims.
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a circuit substrate attached to the second surface by sol der balls;

wherein the interposer conprises circuit elenents. 2. The el ectroni c23 DEC 2003
assenbly of claim1l, wherein the circuit elenments conprise active circuit

el enent s. afhat-lgpc a%eggst_roni c assenbly of claim1l, wherein the circuit

el ements conpriSe passive circuit elements. 4. The el ectronic assenbly of
c: aiml, wherein the circuit elenents conprise active and passive circuit
elements. 5. The el ectronic.assenbly of claim4, wherein the active circuit
el ements i ﬁ'cl udgnﬁlewoe"écsffsseng’ ecoﬁpé'Flég'ef fect transistor, and the passive

circuit el enment sdiemodudilg adilidos atitras cheapaniprising a Girst pheliel ddisulared gatassenbl y

of claim1l rein the first t of electrical .characteristics includes a
first gat eﬁ%l%‘mgﬁ?eecgir?rfsgpoﬁ?@5!{]&3\&2&\530 g&%r'caﬁ it raSCleef:I(S)tha’ set of electrical

char act eri st i csan intgposeasclaligeciradudat endliedppoding echrlealfaboythe fict tusfgee and
t he second te dielectri reakdown voltage.is greater than.the first
gate d of cEHEID BB AR TN ERga PerprEs BTG T S LY o B 1,
vvhlegI ei nbt hﬁeldbﬂeog-&ﬁlns;shﬁs havigrapesad s@blelelaat dhiaaletistics,alodifrkteset dflefeowighl t he
sol der bumps, and a.fjrst power supp| ode of the die is coupled to a
first term? 're“EHCSéF‘hé‘ﬁ%gio&t[]ﬁ?e§%gj§gta°r}8gfmf‘ﬁ% Cﬁﬂfcé‘?"ﬁfi%se?'fd and a second
power supply nogeir@it shbsgradiaachsd togitiptaRd siirfacabp atdundaltser m nal of the
capacitor. 8. The electronic assenblégrco.f claim 1l wherein the interposer

conprises a si | MEYRNRAJEIEFRRESE comRrises circuit elements.

2. The electronic assembly of claim 1, wherein the circuit elements comprise active circuit

elements.

3. The electronic assembly of claim 1, wherein the circuit elements comprise passive circuit

elements.

4. The electronic assembly of claim 1, wherein the circuit elements comprise active and

passive circuit elements.

5. The electronic assembly of claim 4, wherein the active circuit elements include at least

one field effect transistor, and the passive circuit elements include at least one capacitor.

6. The electronic assembly of claim 1, wherein the first set of electrical characteristics
includes a first gate dielectric breakdown voltage, the second set of electrical characteristics
includes a second gate dielectric breakdown voltage and the second gate dielectric breakdown

voltage is greater than the first gate dielectric breakdown voltage.

7. The electronic assembly of claim 1, wherein the die and the interposer are electrically
coupled through the solder bumps, and a first power supply node of the die is coupled to a first
terminal of a capacitor disposed on the interposer, and a second power supply node of the die is

coupled to a second terminal of the capacitor.

8. The electronic assembly of claim 1 wherein the interposer comprises a silicon substrate.
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