; }~e3&}: zR6T: P ;yms * -1 METHOD OF PRODUCI NG AN | NTERCONNECT STRUCTURE
FCR AN | I\FI'EGRATHW m&m’@ "E, Field of the Invention The i nven%gn reI at es
to metallizatio nnect fabrication processes for f [
integrated circuits*é#fd: nore particularly, the invention relates to an

| nproved dual damascene process for fabric%tlng an interconnect structure

Dammscene t ochii QHERHRR c Wﬁeﬁé? kg@g@% gggfhg*&ﬁ%t
requi renents on netal etch gﬁ arization that are

used in nodern int egrat ed CI rcwt fabrication. The main advantage of using
a damascene tBASIH ) RCROCURE of netal etch and insulator gap

fill steps within for abrlcatlng i nt erconnect structures. The
el imnation of net 1%?%12& é & FAyFRsL of?portant as the industry noves
from al um num to c’ﬁp@exnvmtt'aldn zailmsmbemeaailmatm eamdnngtem:pmmects

difficult. T I n
a si ngl e damascene pr Oceé&l#%%s rica %%SEF%{: onne&z%t{kq%c ures as
depicted in A, qucemaratnqwlétrlwns&h&t envee&zlm zrinkes &P @orinproved

substrate 10Quand danvdsteH¥ drocRiseghedri RhBrifgting Wit e eklbiisddtd, for
exanpl e, a reactlve i on e ch Rl E) procesa Then,. the via 104 is filled
with a netal $ERG VR FRESH. S¥heUbtug i s planarized by, for
exanpl e, chem cal machanl cal poli sh| ng (CWP) to forma "plug" 108.

Thereafter, a secoz_pd 15 é%gg&féj& |ﬁedgﬁggb%§gn§t£p the first insulator
nc C

102 and one or nore’ tre are et rough tfhe second i nsul at or
| ayer 110 using anDﬂnis@nﬁ:dwhnﬂ#mletSr dave beenj developdd | indrespoinse rh al

' S kil g st
lines 116 aref¥bk rﬂﬁtﬂm‘ﬁ% ﬁ-héﬁnﬂEEt“F d'g‘j%deEGB inFesratasht her .
2 ~ JAN 2003 circuit fabrication. The main advantage of using a
damascene technique is the elimination of metal etch and
insulator gap fill steps within the process for fabricating
interconnect structures. The elimination of metal etch
steps becomes important as the industry moves from aluminum
to copper metallization materials, since etching copper is
difficult.

There are two kinds of damascene processes: single and
dual. In a single damascene process for fabricating
interconnect structures, as depicted in FIGS. 1A-1G, a first
insulator 102 is deposited upon a substrate 100 and a via
104 is etched into the insulator 102 using, for example, a
reactive ion etch (RIE) process. Then, the via 104 is
filled with a metal layer 106 by metal deposition. The plug
is planarized by, for example, chemical mechanical polishing
(CMP) to form a "plug®" 108. Thereafter, a second insulator
110 is deposited atop the first insulator 102 and one or
more trenches 112 are etched through the second insulator
layer 110 using an RIE process. The trench 112 is then
filled with a metal layer 114 using a metal deposition
process to form an interconnection line that is then

planarized by CMP. In this manner, a plurality of
interconnect lines 116 are formed to conductively connect
the plugs 108 to one another.
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-2 Inta conventional dual damascene approach to form ng interconnections,
the vias and trenches are sinultaneously filled with netal) thggéb’im
réquiring fewer netallization and pl anarization steps in the f [ 260
process. Since both the line and via are sinultaneously netallized in a
dual damascene process, such structures eFBminate any interface between the
nmetal plug and the netal line. Mre specifically, a dual damascene
technique, as il U =atcohivientioBal AtaldE datescenes appaoarts s foatndéng00 an

noulator 202 B ag-adhigkneshel i SaAUakrERcES W 3:RL8R 0B LTGRO

depth. A mask a via na eposited over | at or
202 and one cﬁrlhhademt&s malar ehsrehardrequomng ﬁﬁyep:amer:alrheanaen ad

then renoved, ﬂtgﬁza%q%ds% g4ch§ ff%?ﬁé)a&&ﬁhsp%b@gst hesiﬁ@QCBoEﬁ‘Sk

Thereafter, one or m)retrenc 10 are etched to a_de
appr oxi mat el ythee aéﬁ@saﬂ%vﬁﬁdéré ma&aP%HFAYOF‘eEGQhZRg éBcﬂ dgab trench

dept hdlfs prg@mdﬁ@g&dalslsgd s@lchh staptuires. eltlﬂenat-_ehangr ﬁt@@?ﬁ?cé;ter
a predefined perio i me. _Su r.oc ss | otQriously I naccurate for
produci ng a r%ﬁé‘?teé’bt&‘eaﬁt?tﬁél ib‘@f?’ﬁ‘ gpf“ﬁ%Fg E'Prg €t rench. Any

undevel oped phot onMeades tspicd ffilcarblivh e as @uanld daemls denea ttedhniinien abe vi a
openi ng pr ot eGt Vi f he esl| Lp ocess
used to reno\?(e:l]t%'lﬁe'té’ ?ggﬁ&%;%@t‘ia?gt obbedgégpgg%l éggosr %hn%%te.‘%étﬂa %ﬁét%
resi st from tinsuliakoxs 203 havingr eathdckngsshthat disesanaligoabbetibavi a
206 are met a'phhdse%w tt!l-e@xdﬁehéb 1Yeh mhd)l 208 &h“ﬂh% tbeh 8RdalP€a mask

structure is then planarized orma_trench _and i nt er connect
structure. Uis deposited °V§r63-9342956‘|1§&P5589 aPrnFlnﬁPGVQH BOEe VhASsehe

process. In tide dtictRbIhtd theStinsaidkakqer Thedppski igdthent heméeed) ed
t hi ckness of a |a Ther aft

t.h t d ted
the first i ns?ﬂ tq)rsq Zoged'gln ogﬁlégl's#g‘gsh%?ﬁa ;hﬁﬁ g%%}gsm?o%lﬁt S
appr oxi mat el yThepeslf tear t hmedem medet teenkcheeplRli srecpbsheddtonatdepth t he

etch stop | ay, ¢ elly %%?h%@ ¥he fRaklel 3£t BRA EﬁEﬁfﬂtﬁégﬁg%r ough

second i nsul ato ereafter, rocess 1s used to etc
the second i n%&tl-‘-’atcd?. e rrench zlsp@auars prodneed usdngnat blindnetehch

2 JAN 2003 - 3g¢dp stiopped t9ia @E%het:.%h s%b@?eha)iEEerTEepféaeﬂﬁlédlﬁeff&!‘ of
renoved, and a trench sk is fo he second Eul ator. Care

must be takentitt S €5P§Pqe§sdé\?ep8§85 eBﬁﬂJVetlgP‘ﬁct‘B FRet®Btt om of the
via hol e thatpyrédudirey i=0 tEpeatabled and Wedleteffintdpdepyhr tanthéi tsdénch.

i nsulator wil] _nat n b e p

the vi o Ust Y RS o e SRun o 2370 TEPNy cher ROERRR BAER AT
and, simul t arebisiny ) theeria epeniog protestsughet véacbohtemofremdehee fir st

i nsul ator. Ongechdift ! r effd xaiad ¢ %c&ris b%@&gs hBédSEbUQEMBGeC@QetJEEEb
netal lized to formthe mterconne% r o ﬁss% gﬁ%otg‘éoemst
remains in t RS Pas §hdesSORFS &PoFemPH 50qi t

formed, or inphepeid Jad awalild, iThereatitierst bothukheotreaghr 210 amd tHe _ the
trench edge i 12&) I n p ot es s WM be
et in the vii§ T e aGel (iac Wik, @ paERL Rk IR s AL ShRE 2

di storted. Suskteprand ddhe|stuaictivreniils| t@enepétan;r#ésm £o;j ﬁoaln a trench

i nter connect i gRf AU EhthtRikidite stractaed.exists in the art for a dual
damascene process that forns an m{gcon ct,.structure w,tho

detrimental need f¥rScofpfeitte 33014 hé1 305885 PGt 1&‘?58"?% ‘g‘éﬂ' ne the
via, even V\hedamdtmcénern&bcmk;a | Ircrehdsi pg'ot:bssw a. fSumvARYsClatiodE is

| NVENTI ON Theg t@&%ea%%%&ﬁheth%ﬁcﬂeaaeogr aoolart PREPIL ALES, Used

for form ng I'TE erconnections are overcaone gl’ esent | nvent i on of

a dual danascéhént%ﬁﬂfhlﬁﬂf@tllﬁéteﬁ dﬁtﬂ@%ﬁﬁﬁe?&eﬁ &th ATSEnipenlater
SpeC: fltcal : Y, 15pér "Bidn ol égéctdzﬂf ;ﬁfs%a%tbﬁhmtemhgoa dﬁﬂeﬁhéﬁsﬁtﬁaﬁ sis

i nsul ator |ayer upon a substrate, an.e sto

i nsul ator | agéP %ﬁ’d“% Sifahdn &6 %EPB k‘ﬁégf:ﬁ 3?‘5#} %éf%.vetred
via mask is tbnntéprcmf:d&hé ertadx atupe lalyera spi phonochemscmashpbu via
deposition or  (G¥pP); %’ %ﬁ&ed"@t‘b?: ':ﬁed%téebaae@naaﬂaeatt er fegh SLAQNAI Ng

to the | ocations of rren5| ons ultimate via oy vijal The({eafter
the first i ns%a@é?hl%%% He arsad é'-t%ﬁtl‘:&yBPlesLt‘QrEug NED® 0%econ

insulator having a size equal to the via diameter. The etch



and the second insulator layer are etched in a single step, for exanple)
using a reactive ion ettch process. The hole that is forned through these
thfee layers has the dianeter of the ultimte via. Thereafte@2 3dAN 2003
photoresist strip process is performed to renove all of the photoresist
used to formthe via mask. A second mask)-3-he trench mask, is then forned,
for exanple) by spinning on a photoresist, devel opi ng and patterni ng that
phot or esi st lsTﬁQd?s d?réhd@xfxénéécﬁhﬁt cpéy&n anthéli FRD TS i@ thag trench
or trenches to b in esecon | ator |layer. During the
devel opi ng &eMa¥ %%Ren?hé“?-ﬂ%l’sﬁ 9 OhetR A %sﬁﬁﬁ%t ely
fT L om tpf Vi aﬁ,tnﬁult@to:sﬁrmcmtmsalﬁé tHK 0 SEhAL | the ef?slt@: vist [defrellBpedti a.
ereafter, etre i s e secpn sul.ator | ayer usin
reactive i off FRAETTDEER. &mhbﬁﬁé%‘\}ec?%r%be &i‘ s‘i@%é’tasnéfe?’éﬁﬁﬁgyi n
the via aft eforined toenche naskhi stéprr@hmrm&cf‘srsmemmﬂat@m wd1llhrotr ench
etch proces r h er, eates a
wi de procesZDJWl Q{]Bﬁﬁnﬂ?‘hggcl\%ﬁ ﬁgﬁd%‘e%d’%@%? %s gAs sSuc f& S}‘Fhe
process of tvwie pr désingi whentrenchimaslk, rorenches tare atielied o thench edge

m ght cross ddond ai a1 466+ RhA! ogﬁmféaﬂéoﬁﬁ;p | fhé %aaassue%ﬁeahe viais
conpletely farned before the trench |ith 0g Eﬁgé/ Once the.trench.is forned)

the trench rgeYeh (Ehe\REcRnateB: 3 e r M%%F%Fre Recs theed

Si rrﬁl tanelousdxlsencihamfvrﬂ ,at@eforhed ) | i | S-Sty nsdr m::bbechﬁm cal
mechani cal poli n r_ap_etg To continue the

i nt er connect™et arsj{}@[%?é%vé? %§t+%€c¢ﬁé$€$evel structure; a

passi vation | ayerInstiépoproedsas opf tdny photovesisorrethiasodn theewiahe

process is rﬁP?ﬁ{‘%é@oﬁ&Wﬁ%&i&t@POt n WK GPRFOANG, o"itﬁ:‘éc%gﬁeﬁ o to

metal | ization er~structure e passivation l'ayer 1s
open a cont a’s}!PmmEIbYtE@UBﬂ@erH? e FirRE L#lésuwwﬂwerstrbéﬁerelfs t hen

"t er connect St ULul & ThE PLoceon ca Be. reboat S 80l a0 galf o add
i structu S i
hadi 1 onal 1RARYereSL St waSkPheCEeEs “Gh he of élﬁ"%&’&atvlﬁgwé 3.
damascene i rberfommedtcatpletaly amd aeilk damo:hstdm'tédle Sueheah | nvent i on
o ooter ki e LTI GBASIATY FRRAL 1, o 3-85RCAheRLISE0C

conputer. Theé TO er contro € vallous process eps
structures) feblure®ed above. BRI EF DESC13l PTI ON OF THE DRAW NGS The

teachings of the PREFERbrelVANhEER ERTEF 1EEheVartliRiseOeally CONSidering
the foll ow ng detailed descrl é"gn Ln conjunction wth the acconpanying

dr awi ngs, i IFENE| PEOCeSS | LHEEENEEUEReps of a
prior art siwgtmo@ene:ﬁéedewmeﬁaﬂ fé@ £ A -Gdmpsigtier treimb@alegicthe of

process stens,of ARILET ALk fH3he PAIRNGRIG, B 0CH58: JHaSrnd tdkhdgpi ct the

sequence of % eps mascene process In accordancé with

t he present edgenisorrossBy thesBGalepi ct the sequence of process steps
that, when used in conbination with the steps of FIGS. 3A-3H, forma

nmul ti | evel i nterconnect | on struct ure; FIG 5 depicts a block diagramof a
conput er  conB¥ARAR rhaanetlEl Al er processing systemused to fabricate

1E|he ' gt er connect Qhé?&iﬁ&&vﬂhthbesp&@%atmeﬁiu@rthélllii—r:].BEGarE depi C]E SF?G
ow di agram o sof twar e t he cQ uter o
5 to control ?ﬁ?ﬁ%‘?ﬁoﬁﬁﬁét %Pgwg?gf‘r &%%@né‘ ?Fscicé% CF3oPEc PPt at e
under st andi ngverdemei byl thef preaent numraimmamé dHehmludemnsekpee possi bl e,

desi | DESCRI PTI ON
FI s sa aH Sepat il cEnE REche TRoRFEGIN 4P d Winid kes.

Specifically, the method of the present invention deposits a
first insulator layer upon a substrate, an etch stop layer
over the first insulator layer, and a second insulator layer
atop the etch stop layer. A via mask is then formed, for
example, by a spin-on chemical vapor deposition or (CVD)
photoresist which is developed and patterned according to
the locations of the dimensions of the ultimate via or vias.
Thereafter, the first insulator layer, the etch stop layer




damascene process of the present invention. FIG 3A depicts a first

insul ator layer 30Z.having been deposited upon a substrate 300 to a

t hi ckness of appr oxi rrately equal to the desired depth of a vi22 JAN 2603r st

i nsul ator layer 302 is generally any insulator that is to be used within
the interconnect structure, e.g.) silicon-doxide (SiO-) or alow 2 2 JAN
2003 -6 dielectric constant (k) material such as fluorinated polyimde,

f: uori n?t edt and :thbﬁ S asTEd (1E§|@Lawforlﬁbew8ai:lauetcnadﬁﬂncar iAa dteg) . a
class of materjals _knagwn as ol yar ers novvnas
PAE2. 3 and FLRRE efaﬁP(iesl L‘i@lrﬁ/)é ﬁyééctt&é@oég enggg(gr%%%? Pafhe S?@%nd its
((:o pol yrreBlr s) tlhmtyllsnef)oﬁnbd \;\Gulé;&:ldlv.@\h lkkheseethzkedtayersl ﬁaﬁntlse Idi‘a:ﬁbh ey de

e , ac OWE| epi cts, the
depogl tion o?fgn%g?g%m[rﬁ)t? éﬂf’@r 33?‘%58%‘?&5{‘ agé‘%?%gsﬁ sﬂt’l':'r%ul at or
layer 302. TB¥osess st%mém@mneﬁ)th gemalei aéﬂ.edfotf}e fohowxeegpist wsdd con
nitride if the igy %‘rl{ Q:tl-%f] s‘?é" dg, s%bﬂa Rasgd E’ﬁe c?? §)+]°"H<

ra e et ric

material. |In gene stop matertal 1s anyd

difficult to vhef%@ﬁ%?'ubhfdst’énéﬂ-éﬂ %eauptm@neﬁlmyer For
exanpl e, ama@m%pqafdo%d:@a&%m g 2Ba@NpRbEOres DPr Whefa ‘pdttearisul at or
i's oxide- bas%lde) SiC ﬁ:‘r C atio Si C/Sl N_or gné/ | ayere etch stop such
that the two SCAFRES Iﬁﬁgﬁp‘?‘ Wﬁf’?éﬁn?o? Be T RFUrOF nsul at or .
FIG 3C depi (tlr:enk:hesdeqmshé |ﬁmwd é.nsehendecnsdl bnmnldm:erlé}ﬁ&‘rha\udﬁd@e
deposited on t 3 Th ayer 306
agai n being é:%l%o|d%gﬁl%? |s to éhugéak ?ﬂé € m'% %Aé(L)raé]O%t

structure, edgve mmm]@&ﬁé’ from £b@ uialetteic UM tRIMtqResistt eri al
such as thosg dzgﬁs‘éfhﬂweréﬁdﬁxsr Gakach Ehel beali rflet st ett OrtH@Wenc-ﬂhe

first and secon ator layer material s.do not have to be th sane

material . FI &S &5 AR S6Co8As ANFULBERY lAYRF (Wing If??&'-'t‘é’r? 4@ ace
of the secon(tudlﬁlgir@td&sday@h&%dd%ﬁbpbdsphewrm ogtet-aeg, RairadnAed to

e e e 5, i 4T i SRR R Lo PR R 305 01

phot or esi st |dum.lmgs tdwes et renaiv ereht pmaebb; fnomaﬁecdmng‘ cixthezh@event t er ned.

In FIG 3E, I r rst y 2, the

etch stop | ayer %Afe ﬁ% &ogggﬁ#ngkpgggg ? Wi&g %‘g&,é%srde%q%%p

sequenti al | y"flﬁil’@-rﬁb"{hdd&bs%o steh thengranch nvemum WA the prosess

D 27 IAN 2003 e g B a"g’?&r‘@*’g“‘mst“w pi;(; e gt 'ﬁayeééz
are in the fol rder an

The ol e i s dhSTSH \Aian ISR qrgme: Bheoyie and) Ak, Rlichar SoARE dolsbr

in FIG 3E, tire aphdiagr esirste e ldan ist compbdtelyeﬁomtazl dHeaflore chess | s

conpl ete. A GQNMERY lq_f}ﬁ{%ﬂ#l reSio'f‘x esE¥xPptféﬂeﬁs Pl é}{ 'i’%ﬁ b a vvet

a dry ashing using an oX oXygen-tlourrne chem stry 'f
chem cal st riMask Lsemarovediande bothothpotirenahand Hia @are n@rtét lddgeflsel y

affected by dwifitarfaously Of UNerealfeerK BRéchméeAFlidd¥ Qo2 iG tpllanhﬂeéd dry

oK LS M0 a0 8el PRAEP S5 R 1

cl ean process:rdde;dlnugh a single etch step is described above, each Iayer

e.g., layers 306, 'f’tp‘boxgﬂﬁn@é’?ché:‘lﬂ:‘l.x% EEEthi%ét;u él! it 'c
a8 gerr

processes that have etc chem stries a are mater?al of
each |ayer. B @ulyl Q:’éssﬁm@ﬂ’-'ﬁucéupésﬁ*Y%Fl%P tB€en spun

OR orfot he(rjva@?g; atmgd |§@k1:étﬁ:ﬂé"@o&ﬁd adogbfa{ae,semmd ﬁh’dﬁlﬂ:@c@‘ssl ﬁ_‘ge[rh_BOG and
t hereafter devel ope tterned to define an.aperture tre is
aperture has % %e&q'a‘?]o&g?ﬁlﬁétﬁf af‘ﬁ’&gﬁf'ta% apef I ;tugg:ufg-be f or med
in the seconcPrmeta:t ometayhrzad!l@meoﬁhahethm%vﬂimmmg?q)r(wess for the
trench mask t PHE r tt&ﬁ:tq,q.le | 2hel - €.,
phot oresi st 31 rl% ns in és{%ulhsz)légcggg e%oﬁ%é%uéenﬁile ur i r? tg’ sagsequent
et ch process,uRGRrIing §HUREWE aTBenBPPEF SEYURE by the

eL chan}1 EI Gm@&mmd e“dSaﬂdqummtzuaecaf fefmhhavsmdmdeareur elfcluhaﬁo etcﬂed
t hrough the secpond . ns ator 0 st s e etc
stop Iayer |sm‘ggtn\/e]7ﬁ‘f%9na+l?‘§/e é’ﬁ‘ﬁr‘éﬁgu% mtﬁpe @ég:tegrs F(r%nt e etch
process in a yepeated lrgain awl lagaiownoi addhadditiomddr lgvelsi.con di oxi de

i nsul ator, the etch process uses a CxF~, F,-type chenm stry. Wen using a | ow
dielectric constant (k) material (e. g., k<3.8) in either insulator |ayer)
the etch stop layers are generally silicon nitride or silicon dioxide.
Additionally a hard nask i-s used as a top |layer of the structure to ensure

accurate via definition during etching. A conprehensive review of |ow k
material use in multilevel 2 2 JAN 2003 _g_



metal tization structures is described in commonly assigned U. S. patent
application nunber 08,/987,219, filed Decenber 9, 1997 and hereby

i ncorporated herein by reference. Once etching is conplete, érze Aﬁ iaNi NQ
photoresist is stripped fromthe surface of the second insul at o?’ ar@@r 306
as well as fromw thin the hole 312. The sig_ucture of FIG 3Gis the
conventionally netallized using alum num alum num all oy, copper, copper

|1 th | ] i d i h |
Vapor deposi t1 on (i PRoSesy EAE | (AEht By TGl BaeRLURE MkERYBHRLCES
CVDI PVD) el ec3tBpftureginncesndance |with gihe prgsent iowehtienamayabe

damascene i nt t ﬁ?% t oL cSLructure |

pl anari zed usﬁ%gc gﬁ%glls C%h%&;]? ca I;-)ogf}%s I nge%%%/ggugé gl(ril %ﬁﬁ#%g%
process to f@WrPasesFemRuteR. 3LheGRrRuey sFopteolsHthesvayiohs process
descri bed aboyeepsd €8NBr&Ae Vit |FAictifrh (Hi BeB8ckiBed fbbpef or med before
the trench. As such, alignnent errors that have affected the via size in
the prior art are of no consequence when using the process of the present

i nvention. FIBRIEFNDEECRIPEION OR ITHE DBAWINGSe nmade the sanme as the via
wi dt h enabling an ;r crease in the dégsit of devices, fabricated wthin the
i ntegrated circuit [RPhESRORERTT Rf t RARIRRE R AYERGieR S8 Rer FRadahy
fabricate a miderstved bytosmsiddemcingtthe tioldowlingedéeaibedt BeScPipPELSS

for produci ng; ' r [T r8..LSs onpli shed by
repeati ng thgm?o{'qglé{'){l"'IFI‘I{;;@]"/ual"b fn&%@%%&%‘aﬁﬁ&%&é 8‘#&‘?&%&\”{) r%’gﬁhnG
depi ct the resul t aFEZGEt r Ldt16 depiet twhe rsequansss oft ppotess stepscafiag a

nufti-level sbriughuseifiReTO daieMd hideesgresent invention. FIG 4A
assunes that a first |ayer 400 has been conpleted as defined by FIGS. 3A-3H

to forma first i nF&FEontRTeE dRPAQY | Ehe RPquedsen of oREPFeES oRFepPs of a
Thereafter. HFfiofladepdtdl-diMasabiiw Pidadessgf a passivation |ayer 404. (e.
g., siliconnitride ddijignally) a third insulatgr_|ayer 406, as |1 as
an etch stop Iayer)qﬁg‘ a%%'gﬁf%?#%%tirr‘&?llsﬁ%‘renffo?gaP’éo 27 ﬁ%‘f)%@?gﬁaat op
of the passi vdgadndangscend hrodess hin ddamdanter wi tly ethel Gresemteposi ted to
a thickness ofpnyegefodAN 2003 _g_ approximately the desired depth of a
second via. Deposition of the third insulator |ayer 406 is generally
acconpl i shed usi ngFEGEhefhtéf depirt ddissaquencecod) Preeres sStepe that st op
| ayer 408, whykéni Gs6@NH abdnbimtiRmh GfitH ItheoBtaps réflerIdsS. danont ! by @
CVD processi n%. T?ﬁ iourih. insul ator layer 410 .is simlarly deposited by a
CVD process td BUtRitRVeLIq%eRC i EEEUCRBESI ti nate trench dept h.

FIG 4B depicts a PGt obedepictd 2a lalock diegratepsat ecnpuitere | operrelied

patterned ato i t [ . IS
phot or esi st vmgﬁqgf%?ﬁ?%ﬁgr \%f%gﬁ%%ﬁéfg%%geh% %htg_{ oér%s(zﬁ'sﬁﬁjieg ts'P pun

on, devel opediBRBrFERReFH SEXUStIKG Rf HheypresepE WVeHEAnyg aned | ocati on
and Ioli {rens: on of 455&9% tsiae;sieqﬁléfatfﬁwi@i#gtcrab@otoamévgai@epfléﬁfau _

i nsul ator |ay : ernative e phat or es e appli.ed.using a
chem cal vapo&ﬁ&pbgiﬁ‘%‘ﬁurﬁ%%s‘:\&% qGAMERESE Bgsgf#\ gﬁq'ﬁ’r &%@%OIFI € 4c
depi cts t he ssemitonduatorrwafemr pxvaessing syshem. t hrough the fourth

i nsul ator |ayer 4l t a i | Qsilat or |ayer
406 using a CxFi ~Fggag§§ig%€+}%hlg9nﬂs€%’gn%%%ﬁ ggﬁ‘?gﬁ? %ﬁ%l n %hr ough the
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As shown in FIG 4G the second interconnect |ayer 426 can be netallized
such that the second interconnect structure 428 can be conductiveZy 404
connected to the | ower interconnect structure 402. The netal I*ée&ﬁh@gcture
is then planarized using CMP or an etch-back~process to resulT®i

mul til evel dual damascene structure of FI&-4G In this process, there are
two resist steps involved. The passiva~ion |ayer 402 is deliberately not
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for inplenentin ication Steps o e present invention 15
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system in hardware as an application specific integrated circuit or other
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FIG 6 depicts a flov~r diagramof the process steps that are contained

wi thin the sem conauct pr wafer processing systemcontrol routine 524. The
routi ne 524 begins at step 600 by placing a wafer within the insul ator
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When gseparate chanbers are used, the wafer is transported fromthe etch
st op deposition chanber ‘back to 2 ~ JAN 2003 -13 the insulator |ayer
deposition chanber to deposit a second insulator |ayer on t FJM ?@aetch
stop layer. Thereafter. at step 606, the via photoresist is e ed and
patterned to identified the |ocations for .ghe vias. At step 608, the nmask
structure is then etched using an etch chanber to formthe vias through the

first and secandl Juitdditl it/ o touibld ctad:NUAL 1% Clfh ShAPchaye!-
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been shown a\,%l%gscrl e]f'i)é) %’{ %‘aﬁm% f&g&ge@[l e%"d%t ?ég %%tg%é;
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form ng an |ntercon ect_strycture conprising the steps of: (a) depositing a
first insul at®Ate W AREh AY®%-ate: (b) depositing an etch stop |ayer

upon said first irpigat3dF d@yﬁts (the dapafiture] a&ms:m(iaﬂdwleﬁet hager on
oulator | ayeree a5 Gy ShhfRe YeRadet o The toB. P8 Efeisdian
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and shape of the ultimate trench flat as to be formed in the
second insulator layer. Note that the developing process
for the trench mask does not remove all the photoresist from
the hole 312, i.e., photoresist 316 remains in the hole 312.
Consequently, during a subsequent etch process, the hole
dimensions are not affected or changed by the etchant.
FIG. 3G depicts the structure after having had a trench
320 etched through the second insulator layer to the etch
stop layer, i.e., the etch stop layer is conventionally used
as an end point indicator in the etch process in a manner
that is well known in the art. For a silicon dioxide
insulator, the etch process uses a ngﬁ;-type chemistry.
When using a low dielectric constant (k) material (e.g.,
k<3.8) in either insulator layer, the etch stop layers are
generally silicon nitride or silicon dioxide. Additionally
a hard mask is used as a top layer of the structure to
ensure accurate via definition during etching. A
comprehensive review of low k material use in multilevel



(h) etching said second insulator |ayer as defined by said second nmask to
forma trench; and (I) netalizing said via and said trench to form an

i nterconnect structure. 2. The method of claim | wherein said 2RrgAN 783K is
formed by the follow ng steps: applying a photoresist naterial onto said
second insul ator |ayer; devel oping said phe&-oresist; and patterning said
photoresist to define a | ocation and di nension of said via. 3. The nethod
of claim| whestallizadiehchtegcstieps whs cdledex itbed aird comiondyaasgdghedte i on

etch. 4. The hq laimL erein said f i d.trengh in the
second i nsul atdt* Ié@%ﬁﬁsggﬁéﬁ\é?wg p@gcﬁéfﬁgﬁ@nﬁgﬁ @F cembes, 9.
wherei n sai d X99%tan eaeby ingerpanateadi hiewseir irefierance.l ayer are nmde
of silicon dioxi de gcﬁ? 2§g3co;n§ Th@h %&&CSI By g;;gg_ rein

said first |nsulator Fay id se on Ins%ﬂsor épgl 5 %Fe 1Hade
of a |ow di elstrippedoficemnthansurface of the sradnsd mfsudlaapm Lajert B@6
conmpri sing f ofgpgh £ s&ceRGn! ﬁ!giuﬂf chUSSTOMEE! SISk BeG0d! BENERG 3

second via and a second trenc Ea55|vat|ng sai d net zaton and
repeating stetfd ’(%)tl't*ﬁr‘éﬂﬁﬁe’(‘ﬁ}on? &Y metat %@Métl“@ﬁn}lﬁyeﬁlwﬂéwpose

said netal lizgliep, atopplsd! teappérsawoﬁe@@whhéﬁ Altth Mekalkzi ng said
second via a

per f or med inr}‘g?%?r)f{]i?aﬁ:gbﬁlﬁgﬁggéggggféﬂ%%%eu cg}r?g\lhn heagtgghlrﬂg met hod
of claim 1l whieposisidod $EUDhd phykical foapex d‘gpdsah:lm HQVED gps: applying
photoresi ot SoBPEA Blofl 78R, PREGECIPEML AP ard KlecefBLTpB8 "0 07 ¢
di mensi on of Bhilﬁllltlgenc'HO complirtenat dwal Aarasgene iptersennens phot oresi st
is not devel opeguseipbetshy whehinBra®lfzed Sstructure is planarized using
chemical mechanical polishing (CMP) or an etch-back process
to form the structure 322 depicted in FIG. 3H.

Using the process described above, a complete via is
etched, since the via is formed before the trench. As such,
alignment errors that have affected the via size in the
prior art are of no consequence when using the process of
the present invention. Furthermore, the trench width can be
made the same as the via width enabling an increase in the
density of devices fabricated within the integrated circuit.

The foregoing technique can be used to define and
fabricate a multi-level interconnect structure. In essence,
this process for producing a multi-layer interconnect
structure is accomplished by repeating the foregoing dual
damascene technique.

FIGS. 4A through 4G depict the resultant structure
after each process step for. fabricating a multi-level
structure in accordance with the present invention. FIG. 4A
assumes that a first layer 400 has been completed as defined
by FIGS. 3A-3H to form a first interconnect 402 (via and
trench combination). Thereafter, FIG. 4A depicts the
deposition of a passivation layer 404 (e.g., silicon
nitride). Additionally, a third insulator layer 406, as well
as an etch stop layer 408 and a fourth insulator 410, are
then deposited atop of the passivation layer 404. The third
insulator layer 406 is deposited to a thickness of




11. A'method of formng a nultiple | evel interconnect structure conprising
the steps of: (a) depositing a first insulator |ayer upon a substrate; (D)
depositing an etch stop layer upon said first insulator |ayer22JAN 2009
depositing a second insulator |ayer on top of said etch stop |ayer; (d)
formng a first mask atop of said second i-9sul ator | ayer; (e) etching said
first insulator layer, said etch stop | ayer and said second insulator |ayer

in a single d;ﬁmwierge tﬂqéll&ésn.(rféd rd%m\l‘! R &abdcéhdsi'léﬂis kDex%&QléPéx‘i" ng
a second rraskftsg:I def.i.ne ire 2\% t)‘ gg .said sec I nsul a Iayer
as defined by attr?rf 40860 4. gensr lél?‘i‘F?fE?%Jﬁ
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pl anari zed rre télllénl\h@?'l ) hf”'icg‘eé‘t@ r?f§n§trgg'gy( §§ é % second

| evel of int énctmmt i3 rdepagiceshifyaian €VH proordsimng. artrhsefmmthrench

(M removing AR RS VA0 dx'oax.%r sq&nﬁagqg gggé%é@%gn%%ghgaqé&d (n)

metal i zing said second vi'a and said secon a sec ayer
for said inté&ténifddckrestithas ayprwrém%@ﬁo&hefubcmaﬁqmmmmdemm

first mesk is for mers byashges Wi photoresistRLy Ravenghoba esi st

pat terni ng s HPAAH e O@e%fem#e%é%|taar§?¥1§%°§aﬁﬁs%s T BITEREY Vi
of the fourth insulator layer 410. This photoresist will

form the via mask. For example, the photoresist is spun on,
developed and patterned to define an aperture 414 having the
location and dimension of the ultimate via that is to be

formed in the third insulator layer 406. Alternatively, the
photoresist can be applied using a chemical vapor deposition
process in lieu of a spin on process.

FIG. 4C depicts the structure after an etchant has
etched through the fourth insulator layer 410, the etch stop
layer 408 and the third insulator layer 406 using a CHF,-
based etch chemistry. Upon partially etching through the
third insulator layer the etch chemistry is switched to an
etch chemistry that is highly selective of the passivation
layer 404 such that all three layers are etched which stops
on the passivation layer 404. The hole 416 that is formed
in this etch step is the size of the ultimate via that will
be metallized in the third insulator layer 406. FIG. 4C
depicts the structure after the photoresist that was used to
define the via has been stripped from the structure.

FIG. 4D depicts the structure after the photoresist
418, which has been developed and patterned to define an
aperture 420, has been formed atop the fourth insulator
layer 410. Note that some of the photoresist 422 may be
deposited into via (hole 416) which protects the via and the
passivation layer from being etched as the trench is etched
in the fourth insulator layer 410. The photoresist is, for
example, spun on (or otherwise deposited), developed and
patterned to define the size and shape of the ultimate
trench to be formed in the fourth insulator layer.



13. The nethod of claim 11 wherein said etching step which forns said via is
a _conbi nation of a reactive ion etch and an isotropic etch. 14.The nethod
of claim 11 wherein said etch of said trench in the second i nsQRaJAN 2008yer
is a reactive ion etch. 15. The nmethod of claim 11 wherein said first

i nsul ator |ayer and said second insul ator-}&yer are made of silicon

di oxi de. 16. The nethod of claim 11 wherein said first insulator |ayer or

sai d second insul B .| 4Redepictmttherstowtains af texy thieetewindlc etmls hast
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phot oresi st; and patterning said photoresist to define a | ocation and
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wherein the phot orggselyi Sagoéhdiayalrrad.cam! et Yaddivation dayiedr 404Y
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406 is opened up to form a connection location to the
underlying interconnect structure 402 defined in the first
interconnect layer 400. Although the foregoing description
assumes that the etch stop layer and passivation layer are
the same material and thickness. the etch stop and
passivation layers need not be fabricated of the same
material or be the same thickness. From the description -
herein, those skilled in the art will easily be able to
modify the procedure to facilitate use of different
materials and/or thicknesses of the etch stop and
passivation layers. '

As shown in FIG. 4G, the second interconnect layer 426
can be metallized such that the second interconnect
structure 428 can be conductively 404 connected to the lower
interconnect structure 402. The metallized structure is
then planarized using CMP or an etch—back'process to result
in the multilevel dual damascene structure of FIG. 4G.

In this process, there are two resist steps involved.
The passivation layer 402 is deliberately not removed during
via or trench etch so as to protect the underlying metal
(e.g., copper) from resist strip processes. Since an
oxygen-based plasma is typically used for such stripping,
copper corrosion during resist strip or post etch residue
removal, typically by wet chemistry, is a concern when
copper is used for metallization.

Alternatively, the passivation layer can be removed
while etching the via through the fourth insulation layer
410, etch stop layer 408 and the third insulator layer 406.
In this case, to protect the copper from corrosion during
resist strip processes, lower temperature resist strip
processes can be used combined with a wet chemistry (for
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post-etch residue removal) that does not corrode copper.
However, it is preferred that the passivation layer not be
removed during the via and trench etch staps.

FIG. 5 depicts a block diagram of a computer-controlled
semiconductor wafer processing system 500 used to fabricate
the interconnect structure of the present invention. The
system 500 contains a computer system 502 that is coupled
via a computer communications bus 504 to a plurality of
chambers and subsystems for accomplishing various process
steps upon a semiconductor wafer. These chambers and
subsystems include an insulator (dielectric) deposition
chamber 506, an etch stop deposition chamber 508, a
photoresist mask formation chamber 510, an etch chamber 512,
a photoresist strip chamber 514, and a metallization chamber
516. The computer system contains a central processing unit
(CPU) 518, a memory 520, and various support circuits 522.
The central processing unit 518 may be one of any form of
general purpose computer processor that can be used in an
industrial setting for controlling various chambers and
subprocessors. The memory 520 is coupled to the central
processing unit 518. The memory 520 may be one or more of
readily available memory such as random access memory (RAM),
read only memory (ROM), floppy disk, hard'disk, or any other
form of digital storage. The support circuits 522 are
coupled to the central processing unit 518 for supporting
the processor in a conventional manner. These circuits
include cache, power supplies, clock circuits, input/output
circuitry and subsystems, and the like. The control
software that is used for implementing the fabrication steps
of the present invention is generally stored in memory 520
as software routine 524. The software may also be stored
and/oxr executed by a CPU that is remotely located from the
hardware being controlled by the CPU.

When executed by the CPU 518, the software routine 524
transforms the general purpose computer 502 into a specific
purpose computer that controls the various chambers such
that fabrication steps are performed in each of the
chambers. The specific process functions performed by the
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XY Z executed upon a computer system, in hardware as an
application specific integrated circuit or other type of
hardware implementation, or a combination of software and
hardware.

FIG. 6 depicts a flow diag:;am of the process steps that
are contained within the semiconductoer wafer processing
system control routine 524. The routine 524 begins at step
600 by placing a wafer within the insulator (dielectric)
deposition chamber wherein the insulator is deposited upon
the wafer. At step 602, the routine causes the etch stop
deposition chamber to deposit an etch stop layer upon the
insulator layer. Generally, the insulator layer 600 and the
etch stop layer 602 are deposited in two different types of
semiconductor wafer processing chambers, and therefore, the
controller-will have to move the wafer from one chamber to
another generally using a wafer transport robot.
Alternatively, the insulator and etch stop layers can be
deposited in a single chamber such that a wafer transfer
step is avoided.

When separate chambers are used, the wafer is
transported from the etch stop deposition chamber back to




\' i mbC 10%& ()-%d0%& ()-Y&0%& ()-M 10 10 10 =10%&' ()- & s10%& ()-m

} oP1#10%&' () - F9109&'.()-M 10nm 10mm

10mm " " 10%me () -4! " " 110%m& ()-4! " 110%m& ()-4_}7<. 1 22

10! S *110%& ()-fS *110% & ()-f! F10983& ()-& ! F! 10%& () - &'F'lO%&'() &'@RO

%' ()- *"gEl -13-

10! 1 03%10%t & ()-&33$10% G ()-&3,10% & ()-#-10% & ()-:10% & ()- 10

10*" " okl hbul hEOWNTR Ve HEpUEEL L dnYEhakbBe#ttd)degddic Widecond
insulator layer on top of the etch stop layer. Thereafter,
at step 606, the via photoresist is deposited and patterned
to identified the locations for the vias. At step 608, the
mask structure is then etched using an etch chamber to form
the vias through the first and second insulator layer as
well as through the etch stop layer. The wafer is then
moved to a photoresist strip chamber where the photoresist
is moved at step 610. Then, at step 612, the wafer is
transported back to the photoresist mask formation chamber
to have the trench photoresist mask formed and patterned
atop of the via structure. The wafer containing the mask
structure is transported to the etch chamber to etch, at
step 614, the trench into the wafer. At step 616, the
trench and via structure is metallized in a metallization
chamber, usually by chemical vapor deposition (CVD),
physical vapor deposition (PVD), a combination of CVD/PVD,
electroplating, or electro-less plating of metallic material
atop of the dual damascene structure. At step 618, the
metallization is then planarized in a CMP machine or using
an etch-back process within an etch chamber. As such, a
dual damascene interconnect structure is formed in
accordance with the present invention. If a multi-level
structure is to be fabricated, the process of step 600
through 618 can be repeated using a passivation layer
between the levels as discussed with respect to FIG. 4A
through 4G above.

Although various embodiments which incorporate the
teachings of the present invention have been shown and -
described in detail herein, those skilled in the art can
readily devise many other varied embodiments that still
incorporate these teachings.
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Claims

What is claimed is:

1. A method of forming an interconnect structure comprising the steps of:

(a) depositing a first insulator layer upon a substrate;

(b) depositing an etch stop layer upon said first insulator layer;

(c) depositing a second insulator layer on top of said etch stop layer;

(d) forming a first mask atop of said second insulator layer;

(e) etching said first insulator layer, said etch stop layer and said second insulator layerin a
single step to define a via;

(f) removing said first mask;

(g) forming a second mask to define a trench;

(h) etching said second insulator layer as defined by said second mask to form a trench;
and

() metalizing said via and said trench to form an interconnect structure.

2. The method of claim | wherein said first mask is formed by the following steps:
applying a photoresist material onto said second insulator layer,;

developing said photoresist; and

patterning said photoresist to define a location and dimension of said via.

3. The method of claim | wherein said etching step which forms said via is a reactive ion
etch.

4. The method of claim | wherein said etch of said trench in the second insulator layer is a
reactive ion etch.

5. The method of claim | wherein said first insulator layer and said second insulator layer are
made of silicon dioxide.
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6. The method of claim | wherein said first insulator layer or said second insulator layer or

both are made of a low dielectric constant material.

7. The method of claim | further comprising forming a second level of interconnect structure
containing a second via and a second trench by passivating said metallization and then
repeating steps (a) through (h), then etching a passivation layer to expose said metallization
at a bottom of said second via and metalizing said second via and trench.

8. The method of claim | wherein the etching performed in step (e) is conducted using one
etch chemistry.

9. The method of claim | wherein said second mask is formed by following steps:
applying a photoresist material onto said second insulator layer;

developing said photoresist; and

patterning said photoresist to define a location and dimension of said trench.

10. The method of claim 9 wherein the photoresist is not developed completely within said
via,

11. A method of forming a multiple level interconnect structure comprising the steps of:
(a) depositing a first insulator layer upon a substrate;

(b) depositing an etch stop layer upon said first insulator layer;

(c) depositing a second insulator layer on top of said etch stop layer;

(d) forming a first mask atop of said second insulator layer;

(e) etching said first insulator layer, said etch stop layer and said second insulator layerin a
single step to define a via;

() removing said first mask;

(g) forming a second mask to define a trench;

(h) etching said second insulator layer as defined by said second mask to form a trench;
(i) metalizing said via and said trench to form an interconnect structure;

() plagiarizing said metallization;
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(k) forming a passivation layer over said planarized metallization;
(1) repeating steps (a)-(h) to form a second level of interconnect structure contains a second
via and second trench;
(m) removing said passivation layer at a bottom of said second via; and
(n) metalizing said second via and said second trench to form a second layer for said

interconnect structure.

12.The method of claim 10 wherein said first mask is formed by the following steps:
applying a photoresist material onto said second insulator layer;

developing said photoresist; and

patterning said photoresist to define a location and dimension of said via.

13.The method of claim 11 wherein said etching step which forms said via is a combination
of a reactive ion etch and an isotropic etch.

14.The method of claim 11 wherein said etch of said trench in the second insulator layer is a
reactive ion etch.

15.The method of claim 11 wherein said first insulator layer and said second insulator layer
are made of silicon dioxide.

16.The method of claim 11 wherein said first insulator layer or said second insulator layer or
both are made of a low dielectric constant material.

17.The method of claim 11 wherein the etching performed in step (e) is conducted using one
etch chemistry.

18.The method of claim 11 wherein said second mask is formed by the following steps:
applying a photoresist material onto said second insulator layer;

developing said photoresist; and

patterning said photoresist to define a location and dimension of said trench.
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