| MPLEMENTI NG SACRI FI CI AL MATERI AL AND METHODS FOR MAKI NG AND | MPLEMENTI NG
THE SAME entors Yehiel Gotkis David Wi Rodney Ki g
BACKG?QJI@O%X—M[ISQ INVENTION 1. Field of the Invention Theﬁ%t/géoez???(lﬂnventi on
relates generally to sem conductor degvice fabrication technology 15 and
techni ques for inproving the perfornmance of sem conductor devices.
Specifically, the present invention rel ates h@ i npl enenting sacrificial
materials to enhancOEMICONPUEARFR ERECTURE HHE&WT%i ces. 2.
Description of the Rel ated ASACGRINICIARMAREIRIAI, the semi conductor industry
i's nmoving towa i I ﬁf.;ﬂ)sﬂﬁﬁ - i igher density
" with devices hégpnlgmslﬁ}%ﬁﬁéﬁgea AD@@ 0 ac Fg%@w@?@g@ﬂlﬁlﬁl | i ons of
transi stors are connected through pultiple |ayers of interconnect
~metallization lines, insulating dil@l@ﬁf’ﬁ?’é | ayers, and conductive via
structures and are fabricated on Xehfl&otldgbstrate. O gi nally,
metal | ization |ines and vias were pradgbWenhant!ly forme m al um nu

d fro m as it
is relatively inexpensive, easy tRoéteytKistdard 25 has rmlmﬂmmwwlwm
resistivity, while insulators were nmade predom nantly di oxi de.
I—b\Afd/er, due to the decrease in the size of the device fesatwes, vias and
contact holes as well as the distance between the netallization lines in
conjunction with systermnBXEjKQ; lS‘ﬂ’ﬂtd}p'?H HRRIENTRONN | NCreased demand to
i nprove sem conduct or dewce—pelfﬁmmrce—grn—wugfr'@rmngi ng the materials
i npl emented in sem conductor fabrication. 30 So far, this has been a
two-fold task: First, rather than alum num copper interconnect |ines,

vi as, ahdFiebhofahe Ins¢edonar e bei ng i npl emented. Repl acing of alum numwith
copper has been favorable, as the latter VWO 02/ 103791 2 PCT/ USU2/ 119( ~
17 has | owemMhe @edseiitiinvdnyioanelatee pérerallyaoderatconducyoradetice | felmricaton techndlogy

properties than the former. However, replacing al um num w Eﬁ) %gipglfr as
beehd pr ol Eakriques Ta5 IMProviIZIHE S§TAMANRE SASFIIOONEYAMNGEVIGES 1 MPCRRECAYY, the

i nterconnect . format | pechfi ' | [

Formed By-at EhERETS e SR GEh s Saortohd Suff L R R PG o
over | ai gbpgiBoddnetos Heviasse of the substrate, copper interconnects are forned

t hrough depositing copper into via holes and trenches that are etched into
di el ect 2i Descxipsion ofAbe ReladediArt in a seni conductor devi ce havi ng copper

i nterconnects, a planarization operation nust be perforned on the substrate
surface so asastio wehkuewnyee memirndeampardutrpns moyving otard dinglesengogt act

pl ug areas of the dielectric. 10 Secﬁnqd,. [ nﬁt ead of s.ifl icon cP ox'}ldeé

di eFct rliptechanbsirptgs savipg MahgtAsiy gdihdekicpt Rayeg SpHST Tegpreg o IOAPIN®| ow K
di el ectri, ¢ OB GLIRLS o iiBndib0%rd! 865heBRd! tRRMbR URIBpleLIRYEK ol ifileROhheE
materials are preferred because first, they reduce

i nt er conmetizhtior lihey, dosuisintg dialearict apers, amb comductiveplid sgudelsacintdatree
between two netallization Ijnes placed in cl os]ﬁ].lzgr.oxilm'tngc{J each other is
di r ect | yiapreAssk (Ao rfal Waler tsHbstice| e SHiEMAlY o FREENZARM (1SS | A4S nf™e

di el ect L€l PortRa 4R 4 i iHdas 1 OWrdfalle) SpliivaaLaY! Bleiet, aduce
cross-tal kK noi'se,” since the Tower is the dielectric constant of a

di ebgct rias, relakigellyododr rdsitivivg whiss insulaidry vedre anaies predeminanttatfioom silices si gnal
interference. gly way of exanple, while the fpglegom' n ntu.@é/ used dielectric,

si |i con #PELedEoweNar, dueiicethe degrpase i Histsinst Ofdne SBHGHR TPAESS: Xid ARREOTRE | onest
dielectrig.c f. t [ -G folifl gi ng
from aboftlff 681%5%%1?113& g%ocﬂgtagc_%b% %eﬂé??hﬁgs%ggﬂ h?l(lg%g{géﬁn edgmz)g “{ng‘l Sélg%gpt he

| ovest dbiEipt evotutt@nthewt is hibéfiaedsas dupemdatd imprbve nsehiieomsiaetiot alegicet or

_ fabrication _ . ) , o
performance through changing the materials implemented in semiconductor fabrication.
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30 So far, this has been a two-fold task.

First, rather than aluminum, copper interconnect lines, vias, and contact holes are

being implemented. Replacing of aluminum with copper has been favorable, as the latter
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technol ogy to manufacture dielectric materials with dielectric constants
close to that of air. So far, such attenpts have resulted in producing
hi ghl'y par, | ectric materials. However, the poor . rengt h
of such p‘6883{§(%a?el ectric materials as well as the curren{géli:llpg'?‘:/""S
sem conductor fabrication technol ogy ,hinder their inplenmentation in the 25
sem conductor fabrication process. Particularly, the poor mechani cal
strength of lowK dielectric materials is, problematic durin the hem' cal
nmechani & I%Yeéri‘SFlﬁti‘éEY 6?\‘5 (oetp) congyelr iy g ﬁ%??%?%ﬁm&np{f’é’ﬁlﬁlg? %ization
lines. n REcBbHR BQ&] UBRhaAt & Syﬁxﬁﬁ&ﬁes' S
. applied on o a %&%ﬁh%\ﬁgh&ldg]ﬂl ng pa ¢ tu}l)fora?:e us rgm)wsng t he '
over bur detndzieatal thange on gie bial ﬂﬁd@@dnnacttefosnatfoaceSpebkﬁmel\loerwhllpaimmmmnng a C\WP
operation on 30 a sem conductor device havi 818 oro q K]éxdl el egr@rl o
_ materi a|1ntpr§owﬁ§§|4r%£qr§wdd§’ steling Bt PpaRteeiRd Gprt IEFSW%F ® onto
the gpol | Sh; o%ta?he”%éﬁf&&“%? th?géui}é}ﬁat@f &gﬁssr mt\@@oy&lc&ﬂ dé’%ox%aeBCEE{rH%?@/ 09GLY
sem conél’u% structure to collapse dr ack, thus hindering perforfmnce or
requiri @gpdshﬁltg dopgerf iakyy viadiond dmieachvd ultdtire \mh@i inbe ditlestrar dpats. As acan be
appreci ated, when these problens are introduced duri ng sem_conduct or
f abri catéshi, ior dewsicenductaredeyice| avior cgBpd iBKFIEENeH agplanaization PREIRHRRY ease,

noea. exivepeod Bt G cBTnbR Sl RIEIBL ¢ Rl er CoBpeHAIRLED, ©

convent itRp&, V;aqqft@hgu@ﬁgub Bahs Bf @Y didkecgzod structural support during CWP
operations, while stil produm ng devices having | ow capacitive del ays such
as those i r’rpSegmdltln&ﬁgidl waﬂlcoaldw&% dicteciigt Bapatls wubdow,wﬁmmw 1y,

I NVENTI ON Br e n esen n. t n

enabl i nff tHe? ]I%abll%l cgt ?‘8‘? %’f ﬁﬁn tic %IIDQS r uc%ulrnfélgll&tﬁ% n}%ifg ggﬂ%ﬂ&y

di el ect fph@ iR b ﬁ@f&reﬁ%&atﬁ@@llw ﬂl@ﬁ fe e e baiteCtato-iftei@BAS capditpicesaur es
common in chemical nechanical planarization, In one 15 preferred

enbodi nmatcpulaugampamtamabemartwalmqt@hw@a lings iased dmekose REFINIEY 6f eagh
copper interconnects of .a ctor struct e

et ched iRty 1S AHige )é@r%ﬁ?é'd(’% tl&%g‘ief?gttﬂc Qoﬁtaﬂ'ﬁf% %‘Sllllgpn%;&eefeld&[scrll%gém

per{g tt iyt ysdcbRd: fw-K! Blef’daﬁ{chﬁ{atehanlﬁamt &bkORIk AoibUsiald the vesuppiny ti ng
stubs are formed wthin each sacrificial layer, thus defining continuous
suppor t dielgcitiolconstantfodia didlectricHbe kewer isf the passibihtyerficsossiractallizsiion lamgaigna) {

shoul d 20 be appreciated that. th resent inventio din
numer ouMeKEyRECS | F1 way Hg eégmglepngéggge PIgEe }épféa &gl t)glgt Selfr:?gna g{/dlgce or
a met hog, f&F@Efﬁlc doﬂé’tﬁﬁ'ttétvﬁoﬁf@@délpﬁﬁkt &eQBWEﬁ%d}é&ﬁ@B@nsﬁﬁV@ﬂl Doandber
descri bed I'n one enbodi ment, a sem conductor device is disclosed.

The senioweKdidtaric deardriads rangingdasn abas 5t aret abohad-b nehst abhasi beepFecagiizeds and

I it f t I
i 020" Tiadighe Shedrey: lepEso R e e dHn B hiea 1 e B SnEs FRRHE Ve
conduct ke\éﬁno‘fcﬁﬁo%ﬁuﬁa&t&@ Ak 14 EA! zt@nﬁg “@thmléléé%h& Ednseintd NbRIe6 BANEELr.| evel s
of the sem¢c¢ uctor device such

hat the plurality of copper interconnect
met al |'i zat i ofo [fam)eschaaterstn diacd reseltad mspradecing bighlye dofons diedestric matesialsby an

air dielectric. The sem conductor deyvic %
However, the poor mechanical strength of such porous dielectric materials as well as the

current state of the semiconductor fabrication technology hinder their implementation in the
25  semiconductor fabrication process. Particularly, the poor mechanical strength of low-K
dielectric materials is problematic during the chemical mechanical planarization (CMP)
operation performed on copper metallization lines. As is well known, in a CMP operation,
the substrate surface is applied onto a moving polishing pad with force, thus removing the
overburden metal from over the substrate surface. However, performing a CMP operation on
30 a semiconductor device having porous low-K dielectric material is complicated as the

application of the substrate surface onto the polishing pad may cause regions of the



further includes a plurality of supporting stubs each of which is
configured to forma WO 02/ 103791 PCT/ US02/ 09GLl7 4 supposing col unmm t hat
extends t _ e plurality of interconnect |evels of t i duct or
devi ce. pﬂ5§§§€ﬁéf enbodi nent, a sem conductor device is E?Q@?@%%g. The
sem conduct or device includes a subst?ate havi ng transi stor devices and a
plurality of copper interconnect 5 netallization |ines and conductive vias.
The pluralit of_cq&gey int?rconnept' tg#lézatio | i nes and condHcthve
vias ar ETHEPPIHEEPTSHUGHEHC GPIapSHPTIFAFk tjusIHNGeRNg PET RITRATCE 08 JRiuE gt thifae
Sem CO%%%&SM&MB&M be fiCabdir Alsiduy vef g&@%&fd 'w%ﬁrtﬁ%@gﬁﬁ[;lem
metal lization I'ines and conductive vias are isolated frfom eac t her %y a
" porous dicelmmidoced dmingr sahicoriduetasefibricaiducprocesssy ithe yiald tdfegoddnchipsiesn a
plurality of_supgorting stubs each of which is 10 configured to forma

supposi Afreasicabndacrease. By addiden oiedisine Valer brawehPitt y of i nterconnect |evels

" oof t ' : I : L farther ' d
ki hg 5 semeokducl o Hebfintl's Yabd e i QRL-FIRG, YElliord B MATRITG

t ransi stabricated usingr@avaniodalstetiatiq@dsethatTivevidafgood structien capp&c during CMP
metal lization structures are formed in a plurality of |evels throug{é\@
deposi t PRjJationss whiler sill cprafuging devicpe vaging Iy £apaeaivey sty emeh prsodose t o

etch tr f’mg] | @Sy i.lling and planarizing the trenches and vi as.
Ther eaf ﬁg&,@g’t%ﬂe gﬁr??f%‘?{gﬁ%{ng%%?ﬂi s etched throughout the plurality of

| evel s of the interconnect netallization structures, thus |eaving a voi ded
i nterconnect netallization structure. The voided interconnect netallization
stri@ture is then filled wWiSIMMARKOF EHEANVENTHGONer i al , thus defining a

|l ow K dielectric interconnect 20 netallization structure. In yet another
enbodi nent, a nethod for making a sem conductor device is disclosed. The
met hod start i f.q5.m [ L .St r n . ichis
Fol l'oned by P50 et s8R uileplo hL i RRer B AP tBaclbhr T | o
| evel s. off h@niitdnelngonReatiurest asihi Zabhdand sdislbatitr @atefhl o s tieual
depositing a sacrificial layer, 25 perform ng a dual damascene process to
et ch t r eeehanical giresses anddpressutes cogmeprf inl dhepipab mgclyinigeh planarigatione Inospches,
Vi a and st ups. . Subsequent |.y.,. the sacr.ificial J.ayer is.etched.awa

¢ hr Blgh Ut e SPURRRe v St Eipb g i oisid B il pRoRELERT Pt S0

st r uct UiRedc8miEcRDf @ siBicaBElickdHsBHSRANEICh RuBidqualy @EhcdltdwslanH epddtdd
supporting stubs. The advantages of the present invention are numerous.
Most nowathl ap ingntasar havingyh @0 dickestrisepermativitic flow-Isk rlnenather ohiplementpiias ent

invention ultimtely inoplerents air aor low K W).02/ 103791, PCT/ US02/ 09G17
5" 6l e BtP Pithaps spioc e SERG oy Sumercon B Sich PEUNGEh (P S FUEEIBE of ¢ he
present chitRdhs AppYitihBToRMES HNRheh FHeCdabrifdialShites A9 cRALY RSP SHIsRSu1E hat
occur during CVWP and other operations. In this manner, while inter-netal

di eRct bé eprragiaied thanhthe preseni miventxmd-anrpd imakementednn agmatad voiys.doclididgvi ces
are produced, the shortcom ngs associated with 5 i ing .air or |lowK

l.e t
di el ect Af & ARREPY al's apPATAR; Ao of FAINS Blt P ofePHc es¥REM rléve“uvc_
subst antinghkinels JFiRa8&nt RvBRIon32P8&LIbAIKLI@AVant ages of the invention
wi |l becone apparent fromthe follow ng detail ed description, taken in
conj uncti on m pie ¢rhieodinentyp agyicogdudtavienigs js dibdlosstlr dthiersgmidgondagtondeveseanpl e

the princip]es of the invention, 10, . . .
P E]nclhpc{es a substrate having transistor devices and a plurality of copper interconnect

25  metallization lines and conductive vias. The plurality of copper interconnect metallization
lines and conductive vias are defined in each of a plurality of interconnect levels of the
semiconductor device such that the plurality of copper interconnect metallization lines and
conductive vias are isolated from each other by an air dielectric. The semiconductor device

further includes a plurality of supporting stubs each of which is configured to form a



BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention will be readily
understood by the followi ng detail ed description in conjunction with the
acconpanyj i ngs, and like reference nunerals 15 des;j | ke
structur ﬁagﬁg‘kg%\ft s. Figure |Ais a sinplified, partial, iéxp?%@éé),hh
cross-sectional view of a sem conductor structure having an interlevel
dielectric (ILD) forned over a substrate that has a plurality of active
devi ces, in _.accordanc i th ane, enbodi,nen f the present i ti 20
Fi gur o SUBPOERE GBI Tbceriondr « Pt oyl gty Pf BB Rtasn HVEY: Bt e
sem condped Ruushf yafhisr e of Figure | A further including a first sacrificial
. layer having a plurality of fabricated netallization |lines, vias, and
stubs, in adecandtrecembiotimeinot kemicendistirndayiceois disrdosed.e SBIft SANHGAIEER .
Figure 1Cis a sinplified, partial, exploded, cross-sectional. view of the
.25 semidegisaeebiest ﬁ%frawéagwgﬁrw@l ?‘%V‘ﬁaw%a ?LB%&V ﬁiCPQP%fm‘FaCSP?eé t ed
sacrg figial; i Col 00 PhePphibalty bY cOfpes inthiZoniddt AREMIAABEE Wi th
yet 5anorﬁ tgirhzé(?%rggﬁenseﬁ@ %Ph‘f?ﬁie\}ég)rl%éent i)nven%’i or?.gﬁp. Fi gu?% IDis a
si npl i flired, angadondadtiveexipd adedkfined ds saste of iaoplatality efvinsércannpos tevels cifedie
mufti-layer sem conductor structure havi nggai,r as a di e';ﬁﬁt ric material, in

accor dasBdcadppiondeviet sugiohidpe @ 'élbtlyr?_ér?f) F IpKEopRes & Fﬁ}’@ﬂtlf‘lﬁaﬁ and \s
02/ 1037 i h §i e CH{aNSRE/ &3@%&1 E‘oﬂluregcﬁl-%t%e? B¥ s Pokdils! BRiecBRY hirial ©XAheded,
cross-sectronal view o e post-etched ait-dielectric nmulti-Iayer

sem con@ugé®idusior Weide efuttherFinglmdes hDplhealithef suppdrtidg rsgpba each of which is

passi vati on-cappi ng | ayer, in accordance wt on? ispglg.t .of the (present

i nvEht i emfigriegfioeforrr.ag supgoringjceiny thal extsads thapughathepiyality ofrigieccanaedti onal
vi ew of. t he st 5. i -layer sem conductor structure of Figure 1D
havi ng lﬁégﬁofﬁ’ﬁsg%’c%h?ﬁ&% dggircg'us | ow-K dielectric material, in accordance

wi th anot herppasmect figthet hentRERSEN! ai Msthod i fon mdakigy mesehfedhductsi rdelvickijed,
partial, exploded, cross-sectional view of the post-etched |owK dielectric
filled disstpsedndllee methadr sigtuby fMing HanEstorsHSIHES OB\AeSUbSLIgiet nhgreatter,

passi vation-cappi ng,,layer. in _accor g, W A eent ,of the
D esent i garer ahA pis G TR I Y kot oBRR Bro RIRATLRRE o
opefat | QREiBAI (96 Perfb@nih2Ardugiedfnabendi profise ke eich itenargiand viscamt filinguct ur e

having a plurality of copper netallization |ines and supporting stubs, in
accor dasrcephharizingtereanchespadtviast  Theseafiesstbpsagriticia tiavghis ¢rkadyBropghauty

generic_flow chart .nmet hod operation r.0 LC : | ow K
i ol cot G oAt on Ler B e Ar A aTg! Srafiiel Bhe AGuRa 8 Ridka

met al | i zait Gihebd MERLIZbAPSERAAEN T8 WoidBd YitkrcamRich fet@litanch BRMtuefis tiea
present 1 nvention. DETAILED DESCRI PTI ON OF EXEMPLARY EMBODI MENTS

Enbodi nfiied wioh lowkiKnglidestiic onatedtlorthes dgfininges lomatK ohelpefis einiseqmstiduct or
20 performnce mnimzing inter-nmetal dielectric capacitance are

by .
dest? i bBERIZAUGR ST Cer r ed enbodi ment, a sacrificial material is used

during the fgpryecakiglr PmiRRfRer 2% meffodC eRPa{aking! ef sanpamlusoadbvidaess i s
etched out and replaced wth an insulator having a |low dielectric constant.

| n anot Hisclossthodhaenéthod spttsirvth fomudg sendistonpeudtaesed 4 aubsHates 3dviclr isci al
| ayer, thus creating nearly continuous. supporting_col fQr n e
sacrifi g?“:ﬂwqda?)érfoﬁf’g‘n%tletﬁlé‘)én%%ﬁeti Z‘T‘Ur?npg Cé?rF%gni ﬁ%tc’gtl%ﬁng F‘H%e
subst ant @obifncePHAAHPHDASURRRAES B FRErdUshSdPoSIIAL 4 CORKINiZIA atyck 0

extend fromthe passivation layer to a passivation-capping |ayer, thus
f or p§ ngperfemiing andualt damatenecprocass Haetely tiengltes.s vias,cand siubs,nanggfilling gud h

reduced capaci{ance. rol atod del ay 10,8 RLler Hd SRR RS el Ry 2111V
throughout the plurality of levels of the interconnect metallization structure leaving a voided

interconnect metallization structure and supporting stubs.

The advantages of the present invention are numerous. Most notably, even though

30  the semiconductor structure of the present invention ultimately implements air or low-K



anot her enbodi nent, the sacrificial layer is a dielectric and the | owK
dielectric material is a 30 porous dielectric material. WO 02/103791 7
PCT/ US02/, the foll owi ng description, numerous spegdh4i ils are
set forttﬁ%@%@r to provide a thorough understanding o?%v{{tejg%&géﬁgnt
invention. It will be understood, however, to one skilled in the art, that
the present invention may be practiced w thout sone or all of these
specific details. In other instapces,, we|ll known process operations have
not beedidedi Mmataiafasa HAISEINC, e SrGPIIRSLor TG CE B! SHSEUE t he
present i. i j . A r T o) Vi 0 1 uct or
St uct ur iR, e TGl bl P SaS thdc By e VP 30T, 608

subst r atoperhfiéng hat tHiasmannpt, unkild inyerafetblr diskbsicocapacitancadc aridianzal wnd h one
enbodi ment of the present invention. As shown, each of the fabrjcated

_ transi sty inestagds caCyl (deIges yars PEHEcde/ WP aFPOTROMHEES GRSACRido it 03
forned w thi . 10 5 : (I J

| el uded mBeEAHRE i br KPR BRleBlc e Rhnid b PRI 4 £ om
t he substbsedrgiallP dlikinateddi el ectric gate oxide 118. In one enbodi nent,
source/drain regions |03, which are also known as P-type or N-type regions,
may be for WB@thtﬁPragt&'ik AndopivAgaRkOseaR InRBhtidd iR NBRbfel dnt ifRsin Sueh as
boron or phosphorous. As shown, the source/drain regions 103 are separated
by a pl fotlavirtgy dethilehalekaiptids, talenchn conpirationnwitk gihe nascadpargfing dfayringsd
within the substrate 102. desi gned,_  the shallow trench isol ation regi ons
104 ar elllysiEpging by quyogeﬁglﬁp@?}hg%qqgﬂ #éb%mvaml((ne. g., silicon dioxide,
silicon nitride, etc.). Forned al ong each of the sidewalls of each of the
gat¥) oxi des 118 and polysilicon gates 120 are a plurality of dielectric
spacers 122. Further shown is the in | dl ic (ILD) 106 as it is
formed over the substrMMMﬁs, the ILD 106 is
constructed fromsilicon oxide. However, it must be understood by one of
ordinary skill in the art that the ILD 106 may be constructed from any

ot her suit ablg qirédegClifiventibRt @ili ak fadilpngdastdoldebyaher follbwing sisfadeantial |y
robust and provides anple insulation. The Inter-Level Dielectric |ayers

nor mal | gesempticabinr eanjuncean agth the agcompapying cdrawingpyt and- 1 ference nagerdle () vD)

or e-Metal Di.electri PMD) for the first post-device 25 dielectric
Iayg, g"r%bgnﬁﬁe?l}(efsﬁgaﬁﬂé%ffef‘eﬁgsed to describe the integrated circuit
ar chi t ect ur epijopRf i nedigM 4 implified, | bEiA06 eRpleded, Plibsakédivndl vegant actahol es

108 configured to be filled with a conductive material (i.e., formng a
plug), sdmisomslubionistractaetmving drainteylew] rdiclectris L&D formecheves SssubETARENMt t he

metal lization |ljpnes.and the . transistors (i.e., active.c t n one
%0l Etenalerif St RSN ARAEET BT ol i fhonP P RLBEI A B Bt of

t ungst epvaiifbt hen pl anari zi ng away the overburden tungsten from over the

top surface of the ILD 106. WO 02/103791 8 PCT/ U S02/091117 Al though in
t hi 20 enbodi nBiguret HB cionwasimplifleds prOBLarcaploded,e grashserticnplgsiem, olorfbe of

ordinary skill in the art_shoul eciate. that. the contact holes 108 may
be fill gt‘amm olof PUrpEROf F kil r g fisgs oot et S G 4

provi di Rﬁrﬂi‘t}y QF trab@ok®dd hidtdIRY®bn QlrE ! Vi€ 2dnda&aBs SinPRIcYRIBRce! Hiath "Rioter

i nt ercohnects and the active conponents can be achieved. Additionally, 5
al t hougbmbaoditensofake pysentanyefomper ati on is used to renove the overburden

materials, Oﬂiegu?J IC is a simplified, partial, exploded, cross-sectional view of the

25  semiconductor structure of Figure 1B having a plurality of fabricated sacrificial layers,
each including a plurality of stubs, in accordance with yet another embodiment of the
present invention.

Figure 1D is a simplified, partial, exploded, cross-sectional view of a post-etched
multi-layer semiconductor structure having air as a dielectric material, in accordance with

30 yet another embodiment of the present invention.



ordinary skill in the art nust appreciate that any other planarization or
material renoval operation may be inplenmented. Follow ng the planarization
oper ati on,, ivation layer 116 is forned over the ILG, to

pr ot ect 3%?%yﬁﬁignponents fromcorrosion and chemi cal reac’ﬁgns 3ur|ng t he
10 subsequent fabrication operations..ln one exanple, the passivation |ayer
116 is made out of silicon nitride (Sg Figure 1B depicts the

seni conduct or structure 10 f F| ure IA further ingcludi
sacrificial Tigperlh lf(ﬁ‘aSIWQU‘Q?Fg LFIXB laded, Céqssfsﬁﬁfqné‘g #&P%P?Sit f‘iﬁl?%n li nes

115, vi g ph&%ict Iulidts Sgeﬁgc&?u@ﬁ) r 1@fRmrd rbfamﬁgaﬂ?eﬁﬂ‘!htap iRd8digEbpdi ment
~of the present 1nvention own, overlayihg the passivation |ayer 116
i's the passizutiemeappigdayr, 1haymdﬂrib6a\;1thvdne<ahpe|cnoﬁ1he pestiddnventibn. may be f or nmed
t hrough a Chem cal__Vapor Deposition ‘( nmet hod. The fir st Ozztﬁrifici al

_layer 110a |E%B?‘?eiﬁrlalﬁl%ﬁ@lﬁiﬁeﬁc@?ﬂ‘é SEP9EeY: ﬂ@%seafé% el hEostny
feposr « Saha s oBRiS idugdly AARHATREHATEL D Bl 0 AU (1 SBYoRE

react antowum dige@fly n&wﬂaa,bh ecdd;mse tviith ranmaémgect 20thSyireseht mvetejpasi ti on

met hods may include a chem cal E)or deposition (CVD), a | ow pres ure

cheni cal vapB’rgutﬁe%% |at5’111@15|11f(1¢_q?@9®) cxRlodednsEysasretional %waéh%ﬁ%?he ¢d vapor
dep03|t C oned ( ), a

pl asma gglce?P%erﬁ%ggl éaﬁﬂyor g%o%ﬁltgﬁgan%?%é@%) IF 8&9§A§dv %Sgﬁﬁﬁl/pt hi s
enbodi n?ﬁbtswbﬁéh Sapirgh la@b@|m| &y 6fdahce Wattleydd Uinotifer Simtbodimenti afthdepresent a
different exanple, the sacrificial layer 110a may be nade out 25 of any

i nelqQ tmvc@tpcp?er material that is mechanl cally firmto be inplenmented during

the fabricat]| on pyoce l,. oW _n [ ti fl i cial

| ayer 110a, b‘gb %F&Egﬂl&g@gg%h s %Sg% sl%gg?% érPo t&f‘agﬁ?n&lé Lﬁ{ erl ayer
met al | i ZaldiQebtid BESicAithck? @&u&thfev@avm%s pWrélﬁy df bbﬂ)efrlrﬁétﬁlhﬁﬁml lidesiand | ayer
110a. In one inplenentation, first e plurality of via holes 112 are

f or med. s@ipoiﬁmgsﬁlﬂmsﬂn aregrdiyee adHi ottt bspeohad theypieppt ivenfion.st sacri fi ci al

| ayer 110a wi_t h a,photores 791 .PCT/ USU2/ 17 nd
subsequentl\3,/V|Fé=tu(‘5€f'|}3 fyaaﬁaerr‘ceﬂBWl ﬂé’l\qt’ﬂ {hﬁ OPEALRYS Broﬁ%slsttl l%nc(g? gﬁg%ﬁgrst
saci i givilk hRWBtricltRBcHiaWiior Siridige HVhBGEpIRfalihNEf Gsbpel watdlbatibaYiass, 116 and
to the contact holes 108. In preferred enbodinents, in addition to the via
hol es 1iRaccardahee with yat apbther erbbdrbiment of 2ukprageat fooemean-wi thin the first
sacrificial layer 110a inplementing alnobst the sane 5 processes as the via
hol es 112. That is, a plurality of stub- shaped patterns are masked over the
surface of the ) ’ISt v > % ghsequent | y et ched
and renoved dowr—to—tfre 6. Next,

| pl ement i ng Eifie afAdHes tf§1C %W%em?eoﬁh&ﬁt&l bﬁLth&lfes tth@tn@)bﬁﬁanlgezﬁE@ﬁu@troﬂ'Ed
within the first sacrificial layer 110a such that each of the plurality of
t r eB@he perforinanobby antinszing na;blr-g)nEH vicleatrie qapaditedes/ing desdribed.1 n onkoprpferredi s

| f d h f f_th
Cacri f1 Empiiepbys SEoReiflandietg bred Autine b {acaGR of sl Sk oF boppes

hol es 1%%011&(;%%&!1&9% SBRYG olthidt epRcdiewitl kh iasRarbi hhads Wilbh depnae

t hrough sputtering and el ectroplating processes, thus defining a plurality
of net alcbhgtati dinanhothmsambbﬁlmfmﬂ < pluchlity pf/ssules as fompedgndhe paskifipiehlaer th‘is
prior to netal position, a barrie

| aye
be depos$featns 69% y ‘{Oﬁ‘émﬂ@’ss%‘PP%Bv fuP f?’i Y ?n b’ﬁcﬁafl\f{?%‘?ﬁay?lﬁggh%g ya‘md
! nt @ theg, @géféﬁ% %91&16% taBorfd0 'tl%ssu]o%t%n@ﬂg &fnﬁﬂﬁ(ﬂﬁsssu{aﬂ)értmg%'mré‘f eisade t hat
e us arrier |ayer typicall y include a tantalum nateri al
or a t ara:bﬁﬁguredltd dxitehel frah élrel pessivationalagayivba rpassn\caﬂnoo{capmn@ laygh grus d6mming aa
copper seed Iayer (al so not . sho in this draw n |ted on .t he
" barri er SPEGORAIGIOToPIERSHITE g'namntgehltg SUURIER ijeepY 3&%‘ ‘[s%ﬁ?%cé@p nee felpisd
plural i ty, gf M 2 &b%lf‘ea drhBodi g ot &) fﬁ?ﬂlt)ﬁ%ﬁst@@%@@&%tﬂu@ﬁéﬁrﬁ&@ cbfper. In
‘ conflgure to esp Ish a goo elec rical contact for subsequent copper
el ect r odepthei embadipents dessaciiciflalayérdat diklectrieardithe lowiK dieletihmaterislie a
pl urallty of stubs 1254 js to support the nulti-layer structure of the
sens@ond9eeusdideqtiic Paie8a2 00. Thus, as opposed to the plurality of
conductive vias 113 which are conflgured to provide electrical connection
between different 25 interconnect |ayers, the function of the stubs 125a is
to provide a sem conductor structure having high structural integrity.
Accordingly, it should be understood that a sem conductor device nmay have
any nunber of stubs 125 distributed so as to achieve the best structural




support arrangenent. Furthernore, although in this enbodi nent the stub

hol es 124a are filled with copper, in a different exanple, the stub holes
124a may with any non-sacrificial 30 material opcfPBE@lyos@ | ONg as
t he mat er\?glog)ﬁés%& is sufficiently robust to support a subsequently forned
passi vati on-cappi ng | ayer 118. WO 02/1037) 1 10 PCT/ U S02/ (19617 Fol | owi ng
the formation of the netallization |ines 11S, conducti ve vias 113, and

tubs 125 t f d
The surt aee Trihe R dogpiart Ripgion sprertc koS SBPEL ol Frord3b s | 52,
copper JEI%%&J%e&@éE%\ﬂﬂﬂwoéf ﬁx@@n@s@ﬁtr ivbgial kavarbeldRrstdodRabataice® bse Now

made to gure depi cts the sem conductor structure 100 of Figure
1B havi skglleal fl theadri, ttlyat afe preberit daventios anayi e piagticadayishat sowe-or 128lgof Bigeh

| udi | it f stub 1 125 d t h di t
ofthe SieBishietia, S Finarinstmbee L BostsR spgantn e phL b Rn RO RS 1"
Fourd h, ;1 c,rda'@i&t*aou esgaw%hégpgﬁaﬁ?feseﬁt%van%@rs 110b-110g and each of

their respective trenc ation lines 115, via holes 10 112,
conductive Vigarelld.is sbmbs beztiosal Jvﬂsﬁoeﬁ2mCamcwubBctm%mOﬂESgl@mmmf@f med
in the sane manner and fromthe sane matirgi h@tas th rst 'ﬁ_aCI’IfICI al

| ayer 1lewel diedecirics (&Y pormed, eVery rivhyeate hasy ?i’i‘flia BUSISQIS, 1 5

holes 112 conductive A Qwﬁtéﬁ%ﬁ &%}@f bASated

i |l ust r%ctcgﬁfnffhglt R a?ﬂbﬁ&r&#ﬁ?‘o{ &%lsbp?[sggﬂblﬂigéé are or med within the first
t hr oughtrdmifierdeimtindsaar i 1ﬁ1a¢1t3aloflsay1eemlaiﬂahffﬁ§1&g reglemqoeesufmahgd vathih thérat
each of the pluralit stubs 125b-125 | s aligned with one

pl uk@l i %L;bstsﬁtesh()@bsgaﬂzéQgﬁhe_TﬁlaﬁiS‘ioés, fugheminglidesacndyetar P?IQ'S‘B?O%gq}%%gqef@@h
toget he?g ]wl‘h{:]’h:l;[ %Sélaiggtgﬁ%% %E%ﬁHBrc?e{ 18b &ﬂ%ddl febbn %’R‘f BgadVi i 81 neeagh of

t he sac i'nes -a su stant l'y contiguous

Suppor t pBodittediiMous/deas RegadseTals vhichmiehdss nidvac es Bftypdrer patype \t%wnm
| ayer 116 to the surface of the seventh sacrificial 20 I|ayer 1i In this

nmanner , majebes forpwed] teeugh2s glopingy Pigecss dagiu &9@3@6% JFRPUFIHES é‘@h 98 ©fy

formed passivation-c | aye e
of a poE hemus RsrbporaferSbEadE nalond 10 € at febddd DY ATRARS rftlow oY
di eject ﬁbﬁch”ﬁBFaﬁbﬁ‘lregwﬂ% RAGNIRARE Withth l@@%u]ﬁﬁﬁﬁ&dlm NAs dés@h:d e eshelidw

i nvention. | Tustrated, the sacrificial |ayers 110a-110g of

sem condemlmsothﬁﬁn zfglmisleétaeajmaﬁe F!iltg!fraenorl @nﬁmﬁ@gbé@ﬁifét(éﬁedlhc%Id“é‘k‘éermI e,
t he sacrl ficial,

in whi cAiligoORMY ? ‘i) ﬁg}meafallq%?qggh 8! %ﬁﬂg G%Jgr%ﬁ? e egtﬁ?_agglo?ess

di | ut ed by iobhlhicl $2¢RplipRflalkeg of BRIAL phicst a2, | ayer s 110a 110g thus
renovin e sacrificial erial surroundin e conductive vias
5°Yh i t ding th duct 113,

met al | i zat i ofFukthereshowhSs thenidteslevd didlogec ﬂi&j 106 s dhis fpﬁﬁde%ﬁtﬂéﬁ subsiratehe

sacrificial r by fir uct or
St a8t Ll B P iEkeamRTE oy SEF i etired o sRoR ol B, FRREGR
de-ioni ged, H@Jsé%%gfbgfo BoPR8flafy &ill inle aﬁ@%tﬂfa‘mmostlh@/ b8 odnstrected from any
hydr of | uori c aci 3

other suitable dielectric material so long as the material is substantially robust and provides

ample insulation. The Inter-Level Dielectric layers normally are abbreviated as ILD 1, ILD 2

etc. Inter-Metal Dielectric (IMD) or Pre-Metal Dielectric (PMD) for the first post-device

25  dielectric layer, are also frequently used to describe the integrated circuit architecture.

Defined within the ILD 106 are a plurality of contact holes 108 configured to be filled
with a conductive material (i.e., forming a plug), thus allowing substantially direct electrical
access between the metallization lines and the transistors (i.e., active components). In one

30 implementation, the contact plugs are formed by depositing a layer of tungsten and then

planarizing away the overburden fungsten from over the top surface of the ILD 106.



VWO U21103791 PCT/ USU2/ (19617 11 de-ionized water is renoved by rinsing the
sem conduct or structure 100, which is followed by performng a spin rinsing
oper ati oRuq b BRQL her enbodi ment, the imrersion etching Wﬁ?ﬁﬁyﬁﬁﬂﬁ?ced by
utilizing %ea%ers and agitation devices (e.g., stirrers, ultrasonic,
megasonic, etc.). In an alternate enodi nent, rather than imersing the

sem conduct or structure 100, the 5 etching operation may be perforned

t hrough t he rayj ng aof the m xtyre of drof lyori ¢c..aci d,and de-ioni zed
wat er onto t‘ﬂ@’oélé}?ﬁ"gélﬁﬁﬁe}b{igmé‘ﬁ‘PE t T aCP)éB{eStltqgsm% %lg&i»ﬂt& %%V%?%eogié &

I nter C%Pcﬂﬁ%g SR B tHeZAT SIRMIBAPPHGIE Bhat HRASMRECt hbles ANBLHAS be filled walndny an
oxi de pl as etch approach nay be used to etch out the sacrificial

mat er i @bndiRtiet eratdriay so idng as teodmatianiod praviding diresg davef todeydrelegtricgl 4agesshe
m xt ure of hygr of | LiO,I‘i c 10 acid and de-ionized wateiir; rﬁlng’eg beqt weeny
~ appr oxibRiesnyhe msiAl pteiepnpestsansbiic GRS, EMPRRRSHN AN T s KA PR Y he an
mus’ ARRAG AL S %ﬁampféea épfgccgpefaﬁaﬁ i Ofke@bo G0 VRNAE Bfdbttit s nifekidls! Hnd e

m xt'ure of hydrofluortc aci nd de-ioni zed water nay be any appropriate
concentordihin@nsksld ih ahg agismiubteappreciae ¢hat sanyt dtberc plondvidatioy or onateral viemohval
sacrificial |ayers without effecting the netallization lines. Furthernore,
al t hougwelfaﬁénma){th?rl@ﬂfﬁnf}% of luoric acid and de-ionized 15 water has been
used to perf g i BOR, o hdec U

appr opr i ot ¢ o BN R e PR B LB o bl e A e g e
the et cloando it proadt ectfe canpiteny fidre eaosiohi aidathenad¢ad readitions Hurimgigie be
noted that the stubs 125a-125¢g, conductive vias 113, and tge megal | i zfati on
|i rids Hsubsegpentdabriqation egemiens; dn wae gxampicetheipst FationtRYR Ad o dharRdt PBn°f That
is, the.lstubst %12%? 0 1259, conductive vias 113, and the netallization

| i nes TTECRMRTES ructed frommaterials that are substantially inert to
the ni xture @buByd abpib@Ithe sarsicehdadmbr deudtard keHofvRigare 1A futtharintludingtaie

renoval of the sacrificial materials does not effect the electrical
per f or rfiscsactficiah &yac i 1Qeehayvitgod nkwalidy of dahriceipd dpetallizgfiqaclings by, viggholes

passi vat.ion lLayer 116., Additionally...alth ] i i gl ryhas
been uzlél& ﬁgé éﬁgihﬁiﬁﬁrﬁd’g’rlp aiccr:]mg? F?‘(}*ltek%r {)aé] &#ﬁ%}dgﬁ%ﬁ]@a ?g)%glggn@g ‘l‘g}‘ta“é’ ._ﬁhaélgnng a
25 {PW-dfolinebesidying Gepatavition @ayer 116iid BROBRt s@kificlal yeANY0d, verich gasnd e. g. ,
neon, argon, etc.) may be used to substitute the sacrificial materials.

Ref er ermmbddsmemsywmay de Tomnedithrongh 4 EhpmicakVepern Pepositien §o¥D) encthedy The first
air-dielectric multi layer sem conductor. structyre . of Figure

furt herS3fH ‘rlﬂﬁ 1ayg Eli]lga d%é’é‘?@rﬁﬁyoﬁsggﬁf}i ‘ﬁaxﬁdSy@?a@lQ%Po"gﬁe@é‘ ggltgdg{ CBIJO\%F{ h one
enbodi nent. . r ' Nt 0N ks i £, the
passi varmaten pifeR RERe cpPYERinRlIcR o P bp tepd e aBY SRR £, b1
and 116@Za&hylsiBsilicatd YTEOSMSH OO H5Ne rentans using ang dsulipble lepositioy miethofl. t he
sacrificial |ayer 125g. VNO 02/ 103791 12 PCT/ US02/09Gl7 As shown, the
pasa va$uithlecdgppsitign inzepleads iy iselbds aphdnzicalyvapendspgsidien (G¥ DD abloVE BEEPBHE of

t he sem _condyctor structur ', and serves. t wo_pur pes i .
funct i ofiCAYCAsVaR0% BSPC?SH&’ m}’ i P PRFRETIC, Pﬁﬁ%srﬁb? g@;ﬁﬁlnggp?(r)gﬁggsl1%%n and

chem Ca{AI‘@@ES,i Qb V!tﬁib%}mcﬁ@echéﬁmap%ﬂ%t&boﬁﬁérﬂ({Sl&@Jﬂﬁoi ,plish& enhanced
passi vat 1 on-cappi ng layer 118 also functions as a cap for the sem conductor

5 st r ucthenscal 6@por depositioh(PRCNEDpkar ailihoyglvin disssbodimentithe serifieighiayey is

O o A 2 SE L, UL 0L RHBRE ! S e o

B?ﬁ?% v ﬁ{)ﬂy Bhs AP k) QobftShatdf thhh RlebiAldally Bfm 56 URSirAS RS Burihlahe
fabrication process.

Following the formation of the first sacrificial layer 110a, a copper dual damascene

process is performed to form interlayer metallization lines and conductive vias within the first

sacrificial layer 110a. In one implementation, first, the plurality of via holes 112 are formed.

30 This task may be achieved by overlaying the first sacrificial layer 110a with a photoresist




metal lization |lines 115, the plurality of conductive vias 113, and the
substrate 102 create a sem conductor structure that has high structural
integrit }(h duced capacitive delay. 10 Figure 1F-1 iscRuso2ov617
cross-seé’t’&& ?37€ Yew of the post-etched nulti-layer sem conductor "Structure
100" of Figure 1D having lowK dielecgric layers, in accordance with one
enbodi nent of the present invention. As illustrated, the sacrificial |ayers

110a- 110g h th di.el ect t
0 L e DEhe R b ) SR e BRI O b Qe
confi guyed 119, R6wa (HHRNLYaRO60MS psPhesH lab& 1T8LAA kaithe LonREE cRssAlDBY haVI ng a

di el ect r?c constant substantiall y close to that of air. As such, the |owK
" dielectric rrhtpnefmedl emabaditments, ipi addision ttg tiaf viaiholdsi 112e@ pevality af1stub holgs one

nmbodi t | K | ect | T
 Appl i 'eﬁ%are raeth BHPLS R S FEREe) ByeGHIOR el gre, Ao e AL o
sili gfycggébggs fl’i@tﬁz{ h@lﬁs Wi b h m@af 16f & blueslitpor &%bﬁﬁﬁ}béﬂgpﬁteﬂisad?@hﬁﬁkeﬂsov%ﬁm |

as 1 nonet ers. i fferent enbodi ment, any porous |owK dielectric
mat er i akhe2éurfey obehe fipdt exaeniftical KagergllOa,awhmhrarQ isubsshyensly, etahe(dv{ndd@pwyﬁti ed

| t | (OsG d CVD d
Foget hofowp s fuparysiahe B\ HBR AR h ot 400Gt FOTE CRHATG 08,
spin on gﬁ?{%%{%&?ﬁ@ Pﬁﬂﬁé@f&&l&f@ ift 'tlietﬁtﬁtaéacx‘ilﬁ(}ihlrlg draq bRk EpanatRAFPHSHHEI | T ca

aer ogel rogen silsesqul oxan ased porous XLK dielectric,

siliconp Rl\fﬂﬁgbﬂtrbxwhé@mzdaibsmgudl@,pﬂgnt with aimaskedyan/holeyeén at nosphere, etc.).
For porous 2

materials, the effective dd electric_ con &‘2 t ranges ﬁetween
t hel@i el ectr lﬁéﬂ@éﬁg’tnérﬂtlakﬁf ofjmpetgliis deposifgd gy tl}en%n@]ceepg lr}ilét ﬁ@}‘%} £%f the
dense ggﬁﬁ 6}{1}111‘.30@{ C[?fJ Bha9 1%"6121( ol&: 11224 r@stuﬂ"ﬁ@l%? 1244 I?lr&feeérﬁlﬁﬁlment the
, & dicefec

enbodi I’IC (’:on ant” of the porous lowK dielectric

mat er i alirehehed &9 4f &6 MileRP Witk caRipert Yhrauphuspulteting appredectioptathg mb@stesAthus | n
one exenplary inplenentation, the post-etched sem cond:frgtor structure 100

is 30 fidefimiogwiplaralineof weiaklizatien dises 115 #hsk eandugtiverviag. n i gy implegeHation,

< rgor b e B SEsetin, hBEel RosksaticBab Rl fid RGO leRlovithel

PCTh §S02{ {3k Thd Birdt RecriRsdl-18yeshada sRNineo ndustt@lityssf viatholes 110Gind wiehthes
pressure. In this manner, the lowK dielectric material 111 penetrates

t hr ough lannﬁxbmalbly nietalethehady rb@gmm@ form tarharies o yes mmaeqlldrlngltlti%taﬁf@é“@oo

appr oxi mat el f| rs electri he
oSt et cHE e rqnef At BRferihan cor oD Eh A oprert i BibeP ecd[F,
| ow K dllg;l ??&lid ot rtﬁ&@ﬁ t@tms‘Sdl&Mngs wielhd Neplosisddhsi e bindel Yayerih drditﬁ t@knstheng
voi ds ar |l ow- K material 111. However, it _wl

under st doukriwalle and aﬁfa@csjwﬁhmhs Rlurality of inbolgs 12 ang trenshenbi gT t@ﬁeqq{@yer
t th o h
R il Panirse e SpNIBh Y Bod! pllfed GRERCRY ShBleghbit bbb ibae Rt

'””C’d“cp%icb dto the senmiconductor structure 100" such that sonme void still
remai ns 'subsequent to the filling operation. For 10 instance, in one
aspect, the pusfabetatheédthedmnaimmdofotach of ttheiphusality Kdtubsal2I8eis ftp |sPBRPTS then

that substantially the upper dielectric \V are fi K
di el ect rneltinayes sirigtuseiof i serpicopdne Ob\ﬁfé?cuﬂﬁeeli%gctsf e 8 Ofg?sge%rﬂgrtr% %Bﬁﬁr?)o&w
vacant. ﬂgﬁéi’t% fast 113 xlvﬂltcﬁChgé'%ﬂf%ﬁréaftotpli‘&ﬁ@&?e&ndhl&ioﬁﬁédtioﬁ beBbeenidiffertdd, as
illustrat I'n Figure 1F- post-etched |l ow K dielectric sem conductor
st r st urigtei@edt dayeoy ethecﬂumtlt)h Qi th6 siphs $25aisi OnProsislei i serniggrRuctpr SrUCIF

accordance with one inplenentatjon of the pr nv.en the
passi vathaynechiphstactimy tegrty: ‘4‘%H@l‘r}c&h§t %t‘g’ ECFE%&P eﬁ%to %?&t\? SAIE%CE,Q ayer as’
well as g, degwﬁg gﬁe%fhﬁﬁb £ BE 58S 329 AshfMinGPRP A G habieve IibBhest biauiral St

[

t hrough seve tric ayers 110a' -110g', and the substrate 102 form a
seni condyugheit ashngsadent, eFufRimbieanlttvagh i this esthodiment she steh kejes 13tawig Allebw
_capacitive delay. 20 Although in the@blﬁﬁ g%iarrents ft@ﬁ%l crificial hg?‘ﬁ
110a- 110yith&9@ehdBi ct}rfé%rénfothaﬂt?ﬂ-e 49 SThPleH thcR Y hefi ‘f” LR liT it ose
skiled | A&HBS doBhst tH Blippost MBGELARY | Y
fi rréqe ate}lgle?rgﬁrréetﬁ{ 31%38? ?F\H&%h{m%lgﬁgc?%%? :ffé)n p]?{)cess mayppbe useébl@itnl o] ?}grm
t he sacrfofdnedpissivau@{ Sapﬁlﬁgmymﬂll@ be noted that the function of the
sacrificial layers is to provide good nechanical support during the
fabrication of the nulti-layer interconnect 25 structures. This mechani cal
support is needed so that the interconnect structures can w thstand the
structural stresses and pressures that occur during CVP and ot her

operations. Reference is now nmade to Figure 2, which depicts a flowhart
di agram 200 of the



process operations perforned to fabricate an air dielectric sem conductor

structure having a plurality of copper netallization |ines and supporting

stubs, i r.dance to one enbodi ment 30 of the present j ' The

met hod b&b&ﬁ@ﬁ)ﬁﬁan operation 202 in which a substrate ha‘b‘?‘?’@%’é’?ﬁe

regions is provided. Next, in operatign 204, shallow trench isolation

regi ons are WO 02/ 103791 PCT/ USOZ/d 617 14 fornmed in the substrate

foll owed by operation 206 in which transistor structures are forned jn the

active regi oﬁfélo‘@&@etfﬁ‘énact’roérﬁit@@P@ﬁ’e@@%‘“ﬂ ?qsﬂééchqqécqf@tﬂﬁﬁlboﬁfq?ﬁﬁb% on

to operajd.on [, 0 [ : i $ W BGE-
Ther eaf fljer"’l ’a ?ﬁ/ﬂ%%%e% E}ﬂ I ol(r% T’S‘itlfggn‘%dﬁ% g@e‘%%%ﬁg}éeg;fﬁ% Jﬁllgﬁlgg wl(?%%]‘{r?atég roed to

" provi degagdiifiial 1a86CEDE sbeisweaBmbhie onbadden zappen frdn nessuafude tofiehd sarifitiat or s

are formed through the ILD. The formation of tungsten contact plugs

requi r eleyariidOgeposi ti on of tungsten onto the surface of the ILD as well as

" intq the vi o formtungstenc-plu rdi.ngl i.0:

g the v Bel Lo LA MR SRR OTC, SRERTERALN bbb RRRI g
removi ngf Figareommmﬁglarpmams bEfabrithtes sapEicall ilgRrd $10the10d, @hdtoimethding 4.0

operation 214 in which a passivation layer is formed over the ILD to

pr ot ect plutadityef stuks 125bidhgrin acesirdanise withinne exbedimentrE hetrapicABINNIRIONAIN t hi s

poi nt, the nmethod cantinues. to operatiaon 216 i I i ficlal: | ayer
PO A eERH OSSR AR, B REEI el
via hol ra%mdo&nwimaan of tiRiRhdeivd Renchar 14, ntdtalizdtyidines P18 4 Ablky

this is achieved through a via-first, trench-first 15 or a buried-via dual
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02/103791 17 CLAIM5 1. A semi conductor device, conprising: a substrate

havi ng tpoptiae stchdety/having a pafilsconsepgaion may sl wed|sptlpng @s dag pichant is

[ nterconnegltP rPat al | Zﬂtbei og.tl.i. es tanq conductive vias defined in each of a
pl ur al i £3P2B1 TAPBPEBRNECY TR E¥6f P he seni conductor device, the plurality
of copper i njeheQHRGRted BAhe k#BE i125a-1 251 Somindti GONEY ¢ 13, \erd th@ et atlpdatibed
fromeach other by an air dielectric; and a plurality of suptgortl n? st ubs,

each of linésel Ifl areabnfigured netp pereffentgd dyihe eteling ogerrden. t dhatos.fthe siuks 125a-

supporti col ymm t hat tends thraou t he ralit i Al evel s
of "2he. 486y Eandiitverand T B8 B il BizAo i iR et R BLFRAARS b 27
1, wher Efe%ubaﬁn@éé@f iAktt t/themiRQRDES hy dMSRIERHIRLindBRLiBhizEd VatedN Fluithe foad)d
conducti ve viI as fine dual damascene structures. 15 3. A sem conduct or

devi ce #® remoivhledf thesachificial hatevinlsdepnnotiasfepl the glectrigalafertoumpanetaf ke adtiyBs ar e

not electrically interconnect to the plurality of i_ntercon t
metal | i fampwqtg AB e AE EBW&FE@EW‘&" _B?Séﬂggﬂ%ﬁéi‘?{ 146 éfﬁaﬁgﬁﬁﬂ%’ta@ﬁw@vﬁnggﬁas
recited 'Bo&iln?én?‘aﬂ' haf YoehBEd SOMPIbLIAY in 3 PRSShMAIpledenkAWA! arfiedak Redngver a
topnost lTayer of the copper Interconnect netallization |ines and conductive
vi ag85 5 lovAKS diviecaitdenmsiant d@viniteoges, etedior euly inertedasimg.4neomh argehnete-haay be
plurality of . )

used to substitute the sacrificial materials.

Reference is now made to Figure 1E illustrating the post-etched air-dielectric multi-
layer semiconductor structure 100" of Figure 1D further including the passivation-capping
layer 118, in accordance with one embodiment of the present invention. As illustrated, in one

30  example, the passivation-capping layer 118 may include a plurality of concavities 116b; and

116b, substantially formed in the voids created by the removal of the sacrificial layer 125g.
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plurality,of,¢Apper interconnect netallization lines and vi as
defined in eaéﬁ of a plurality of interconnect |evels of t eg§%&$%2nductor
device, the plurality of copper W02/ 103791 18 PCT/ US02/ 09617
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I nt er cofreslime®t & ihleZIﬁESeﬁﬂm?vEﬂitumt UAS 1111ils&ateﬂ, tet daorifitial lagedki 10a-d10g have

sem conductor device as recited in claim9, further conpris
been substituted with dielectric layers 110a'- 110g made out of a low-K lelCCg‘IC material

(@]

111. The low-K dielectric material 111 is configured to be a highly porous dielectric material
15  preferably having a dielectric constant substantially close to that of air. As such, the low-K
dielectric material includes a plurality of air-filled pores 111'. In one embodiment, the low-K
dielectric material 111 may be Nanoglass™ from AppliedSignal Electronic Materials of Los
Gatos, California, which is a silicon dioxide material with air-filled pores having a diameter
as small as 10 nanometers. In a different embodiment, any porous low-K dielectric material
20 may be implemented (e.g., a spin-on polymer, a CVD deposited organosilicate glass (OSG), a
spin-on polymer and a CVD deposited OSG together spin on polymer combined with gas
phase evaporation technique, spin on polymer combined with supercritical drying technique,
porous silica aerogels, Dow Corning hydrogen silsesquioxan based porous XLK dielectric,
silicon evaporation/oxidating deposition in argon/oxygen atmosphere, etc.). For porous
25  materials, the effective dielectric constant ranges between the dielectric constant of air (i.e.,
1) and the dielectric constant of the dense material Dow Corning XLK (i.e., 2.2). Hence, in
preferred embodiments, the dielectric constant of the porous low-K dielectric material ranges

from approximately about 1 to approximately about 4.
In one exemplary implementation, the post-etched semiconductor structure 100" is
30 filled with the low-K dielectric material 111 through a spin on process or CVD process.

Preferably, the low-K dielectric material 111 that is in the form of a liquid is introduced into



30 formng a passivation layer over the filled voided interconnect
metal li zation structure. WO 02/103791 19 PCT/ USU2/ 09GL7 11. A nethod for

mal ti ng ) ductor device as recited in claim9, wh i
sacrific?va(?me?;@? is a dielectric. 12. A nmethod for maki %ﬁé&ggﬂ%égnduct or

device as recited in claim1l, whereift 5 the dielectric is silicon dioxide
(Si02). 13. A nethod for nmaking a sem conductor device as recited in claim
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conprising: |, formng a passivation l[ayer over the voided interconnect
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) _ . A nmethod for namkin sem conduct devi ¢ ited i
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met hod for making a sem conductor device as recited in claim18, erein 10
‘érf% n

the wet et cHzollovieg dhe ietepstuctonypk thy doveK e mepterial oldily ap fpyst:

de-1ioni lﬂzlggrevﬁt—f,rthé ;[))lost-etchcd low-K dielectric semiconductor structure 100" is covered with a

15 passivation-capping layer 118, in accordance with one implementation of the present
invention. As shown, the passivation-capping layer 118’ functions as a sealing passivation
layer as well as a lid. As depicted, the passivation-capping layer 118', the first through
seventh dielectric layers 1102-110g', and the substrate 102 form a semiconductor structure
100" that has high structural integrity with low capacitive delay.

20 Although in these embodiments the sacrificial layers 110a-110g have been made out
of silicon dioxide, it will be known to thoseﬂ skilled in the art that any inert to copper material
that is mechanically firm to be implemented during the fabrication process may be used to
form the sacrificial layers. It should be noted that the function of the sacrificial layers is to
provide good mechanical support during the fabrication of the multi-layer interconnect

25  structures. This mechanical support is needed so that the interconnect structures can
withstand the structural stresses and pressures that occur during CMP and other operations.

Reference is now made to Figure 2, which depicts a flowchart diagram 200 of the
process operations performed to fabricate an air dielectric semiconductor structure having a
plurality of copper metallization lines and supporting stubs, in accordance to one embodiment

30  of the present invention. The method begins at an operation 202 in which a substrate having

active regions is provided. Next, in operation 204, shallow trench isolation regions are
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and stub holes, thus filling the trenches, via holes, and stub holes. As copper is deposited into
the via holes, trenches, and stub holes, overburden copper remains on the surface of the
sacrificial layer. Accordingly, in operation 224, the overburden copper is planarized and the
95  substrate surface is cleaned thus removing any contaminants remaining on the substrate
surface. Preferably, the overburden copper is planarized through a chemical mechanical
planarization (CMP) operation. It is important to note that the interconnect structure is very
stable during the CMP operation since sacrificial material is still present.
Thereafter, the method continues on to operation 226 in which it is determined
30 whether any additional metallization lines need to be formed. If it is determined that

additional metallization lines are required, the method returns to operation 216 in which a
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10 fabncate a porous low-K dielectric semiconductor structure having copper metallization lines,
in accordance to one embodiment of the present invention. This method begins by operation
302 in which a substrate having active regions is provided. Next, in operation 304 shallow
trench isolation regions are formed into the substrate followed by operation 306 in which
transistor structures are formed in active regions. Subsequent to the formation of the

15  transistor structures, in operation 308, the ILD is formed over the substrate surface followed
by forming of tungsten contact plugs through the ILD in operation 310. Thereafter, the
overburden tungsten overlaying the surface of the ILD is planarized. This is followed by
operation 314 in which a passivation layer is formed over the ILD so as to protect the active
components of the substrate.

20 After the forming of the passivation layer, in operation 316 a sacrificial layer is
formed over the previously formed layer which is followed by forming of via holes and
trenches through the sacrificial layer in operation 318. Thereafter, in operation 320, copper is
applied onto the surface of the sacrificial layer thus filling the trenches and via holes. In
operation 322, a planarization and cleaning operation is subsequently performed so as to

25  remove overburden copper and contaminants from over the substrate surface.

Proceeding to operation 324, a determination is made as to whether any additional
metallization lines need to be formed. If a determination is made that an additional
metallization line is required, the method then continues on to operation 316. Alternatively,
the method continues to operation 326 in which sacrificial layers not protected by the

30 passivation layer are etched and removed. The removal of sacrificial layers is achieved by

applying a mixture of HF and de-ionized water or any other chemical suitable for dissolving
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interconnect structure can be filled with low K dielectric materials or left as air dielectric.
The low K dielectric or air will therefore provide for faster integrated circuit devices.

10 Although the foregoing invention has been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. For example, embodiments described
herein have been primarily directed toward fabrication of semiconductor structures having
copper metallization lines; however, it should be understood that the fabrication processes of

15 the present invention are well suited for fabricating semiconductor structures having any type
of metallization lines (e.g., aluminum, tungsten and other metals or alloys). Accordingly, the
present embodiments are to be considered as illustrative and not restrictive, and the invention
is not to be limited to the details given herein, but may be modified within the scope and
equivalents of the appended claims.

20  Whatis claimed is:
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a substrate having transistor devices;
5 a plurality of copper interconnect metallization lines and conductive vias defined in
each of a plurality of interconnect levels of the semiconductor device, the plurality of copper
interconnect metallization lines and conductive vias isolated from each other by an air
dielectric; and
a plurality of supporting stubs, each of the plurality of supporting stubs configured to
10  form a supporting column that extends through the plurality of interconnect levels of the

semiconductor device.

2. A semiconductor device as recited in claim 1, wherein the plurality of copper
interconnect metallization lines and conductive vias define dual damascene structures.
15
3. A semiconductor device as recited in claim 1, wherein the plurality of
supporting stubs are not electrically interconnected to the plurality of copper interconnect

metallization lines and conductive vias.

20 4. A semiconductor device as recited in claim 1, further comprising:
a passivation layer defined over a topmost layer of the copper interconnect
metallization lines and conductive vias.
5. A semiconductor device as recited in claim 4, wherein the plurality of
supporting stubs further support the passivation layer.
25
6. A semiconductor device, comprising:
a substrate having transistor devices;
a plurality of copper interconnect metallization lines and conductive vias defined in

each of a plurality of interconnect levels of the semiconductor device, the plurality of copper
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7. A semiconductor device as recited in claim 6, wherein the plurality of
supporting stubs are not electrically interconnected to the plurality of copper interconnect
metallization lines and conductive vias.

10
8. A semiconductor device as recited in claim 6, further comprising:
a passivation layer defined over a topmost layer of the copper interconnect

metallization lines and conductive vias.

15 9. A method for making a semiconductor device, comprising:
forming transistor structures on a substrate;
forming interconnect metallization structures in a plurality of levels, the forming of
the interconnect metallization structures includes,
depositing a sacrificial layer;
20 performing a dual damascene process to etch trenches and vias, and
filling and planarizing the trenches and vias,
etching away the sacrificial layer throughout the plurality of levels of the interconnect
metallization structures, the etching leaving a voided interconnect metallization structure;
and
25 filling the voided interconnect metallization structure with low K dielectric material,

the filling configured to define a low K dielectric interconnect metallization structure.

10. A method for making a semiconductor device as recited in claim 9, further
comprising:

30 forming a passivation layer over the filled voided interconnect metallization structure.
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13. A method for making a semiconductor device as recited in claim 9, wherein
the etching away includes,
subjecting the sacrificial layer to a wet etchant.
10

14. A method for making a semiconductor device as recited in claim 13, wherein

the wet etchant is a mixture of hydrofluoric acid (HF) and de-ionized water (DI water).

15. A method for making a semiconductor device, comprising:
15 forming transistor structures on a substrate;
forming interconnect metallization structures in a plurality of levels, the forming of
the interconnect metallization structures includes,
depositing a sacrificial layer;
performing a dual damascene process to etch trenches, vias, and stubs, and
20 filling and planarizing the trenches, vias, and stubs,
etching away the sacrificial layer thfoughout the plurality of levels of the interconnect
metallization structures, the etching leaving a voided interconnect metallization structure and

supporting stubs.

25 16. A method for making a semiconductor device as recited in claim 15, further
comprising:
forming a passivation layer over the voided interconnect metallization structure and

supporting stubs.
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19. A method for making a semiconductor device as recited in claim 18, wherein
10  the wet etchant is at least a mixture of hydrofluoric acid (HF) and de-ionized water (DI

water).

20. A method for making a semiconductor device as recited in claim 15, wherein
each of the supporting stubs is configured to form a supporting column that extends through

15  the plurality of levels of the voided interconnect metallization structure.



