; abcde3eVLVI T| hZ6T} 31 MAR 2003 TECHNI QUES FOR TRI PLE AND QUADRUPLE
DAMASCENE FABRI CATI ON FI ELD OF THE | NVENTI ON 5 The present invention

rel at 3mu“mmmm'mmmﬂmduct or device interconnect |ines and via pl ug%&\w%ﬂ] are
fabri slamascene techni ques. BACKGROUND OF THE | NVENTI g\
sem conduGkgbedevi ce such as an IC (integrated circuit) generally has

el ectronic circuit elenments such as transistors, diodes and resistors

fabricated int | | ngl ' I ' h

vari oue. oi reui ¢ ENBESHA BRI AND RSB E B RSB Bk rar ATign
forma conplete circuit which can contain mllions of individual 15 circuit
el enrents. Advances in sem conductor materials and processing techni ques
have resulted in reducing the overall size of the ICcircuit elenents while
i ncreasing their nunber on a singl X L] I niaturization is

hi ghly desirable for inproved IC pE%ﬁnﬂm[&?‘educt I on.

I nterconngcts provide the electrical connection s between the various

el ectronic elenents of an IC and they formthe connections between these

el enents and t he 20 Hheevpresens irventeonnizlatesotot secticaridectentisyics imtércamepi lises ahdrvia
connecting the ICto .other circyits. Typicall interconnect lines form
hori zontal connRlEgs Which H&fMHteaI“é@SFGWPECGBFF KUY enent s whil e conducti ve
via plugs formvertical connections between the electronic circuit

el ements, resulting in | ayered connections. 25 A variety of techniques are
enpl oyed to create interconnectBACKEROGIIND/OR THENVESTEHONICh t echni que

I nvol ves process generally referred to as dual danascene, which incl udes
form ng al%trench and an underlying via hole. The trench and the via hole

are sinul taneousl y fklskﬁgo}ﬁ\ﬁ&cpor.ade%%?g\?& é)sra(nnﬁ ﬁlét'egﬂ%ed];{: chﬁ)éééﬁ?{?ﬁ}@as&glg&lrdnic

t hus simul taneously Tormng an interconnec

plug. Exanples gifcult @engdnts suBRks edndisteaivaes endBesisedis iffichen intesaly aH Qssirle
di sclosed in Kaanta et al., "Dual Danascene: A ULSI Wring Technol ogy",

Jun. 11-12) 199u0dy\efi enteeridactendeatenigiEhe pagous tiauil slements arn consscterh throagh
5,635,423 to Huan t al. 997. . *166166* 31 MAR 2003 An. ex | e.0f,. &
orior art dual ® SonduEiveTonbectyth o foEm Accrpiicis ctauR g ich oo gefigin IIoRs B dividual
showi ng Ve i ouscitduit Sdlémidid) rAFvanes A8 RbmiceHdidior higteridlsAnd3prdb&kiag tteéHnidudy Bavel

| O is deposited i . ) o L ) ]
resulted in reducing the overall size of the IC circuit elements while increasing their number

onasingle body. Additional miniaturization is highly desirable for improved IC performance
and cost reduction. Interconnects provide the electrical connections between the various
electronic elements of an IC and they form the connections between these elements and the
20 device's external contact elements, such as pins, for connecting the IC to other circuits.
Typically, interconnect lines form horizontal connections between electronic circuit elements
while conductive via plugs form vertical connections between the electronic circuit elements,

resulting in layered connections.

25 A variety of techniques are employed to create interconnect lines and via plugs. One
such technique involves a process generally referred to as dual damascene, which includes
forming a trench and an underlying via hole. The trench and the via hole are simultaneously
filled with a conductor material, for example a metal, thus simuitaneously forming an
interconnect line and an underlying via plug. Examples of conventional dual damascene

30 fabrication techniques are disclosed in Kaanta et al., "Dual Damascene: A ULSI Wiring
Technology", Jun. 11-12, 1991, VMIC Conference, IEEE, pages 144-152 and in U.S. Pat.

No. 5,635,423 to Huang et al., 1997. 166166+
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on a sem conductor substrate 112 An etch mask 116, having a via pattern
118) is positioned on dielectric |layer 110 A tinmed anisotropic etch is
utilized to etch a hole 120 in 5 layer 1 10 conformng to the \gi,\a &gm rn
Mask 116 is subsequently replaced by mask 122 (FIG 1 B) having-a M nc
pattern | 24. A tinmed anisotropic etch is used’to formtrench 126 and to

si mul t aneousl y deepen hole 120 to formvia hole 128. This via hole can be
etched to expose sem conductor substrate 112. Alternatively, the via hole
can be over-etched pafinleyampie of 2 pror stisiuek daneascone tedhnigee rsallwstiated 1FFISS 1@, - 1C,

the via hole and,trench are then filled 10 simu ously with a suitable

motal | 30° Net SPOREE IR AG AL oA Sp TR R Ao Apieleetia Rt 138 indgposied
via plug 134 whigh i SehRoR@USCiubMril SIEMAPRAMCHRK $YOSELAMCa 1 pattern 118, is
Additionally, a liner or barrier layer may be deposited iInside thg via hole
and the trench prdsorontd oddpieirid layerdfi Ot Adiniedtagisotopie etch mattdikedrockt¢thehale 420 in

plug. The surface of |ayer 110 is, planarized to repove excess netal, 130 and
Do define Pnt er d8HREdP dORiRsTIELo the yiamaned Yieskdda s wheavenbicerlasecy mask 122

Shown’ i n |G struptr o9 (e RAEh BAferf TR Fil aboipicdn Rt ARIERR, I
a first diel ectrim thaimultadddislysiecimndslet 20 torfomm sambled?dUThiovia holesdan be etcRddio
An etch stop layer 216, .is deposited on first dielectric |layer 20 210 A
second di el ect r | XPPES/EMIcAMGUFOr estraterldd- Bliematyely thiyiphae caee asr-etched pasly
220 15 poot 1 one PRESLBEH s BRI G ICTIR Rl BB AR IR s
ani sot { ?pim etT ﬁ _hsimu?aﬁduﬂszwith@ sﬂ‘cxiimbm rﬁetqult3e- 1\2[2?1 (Jt@tfa:sfﬁﬁﬂst ﬂﬁaflﬁidﬁiiﬂgr{:gﬁrgch?e
via pattern. is etching procedure is stopped at etch stop |ayer Etc
mask 220 is renpldRrndidiapieg hé4 waIch fis ifgeRrtactwith senaigondpetor subgirated 125Additionally,

positioned on second dielectric | r 218 such that, it 1 att erne 226)..
Por forming a ¢ ranen of BETEE I oayBE Bepcshba R he M nattmedn EnRRSE g Uafeion
trench 228 in | ay@he ftércShrivet ﬁ\éﬁ?ﬁi&&hé’)ia;bﬁlbg?ﬁ@@urfa%e W&ﬁﬂ@ﬁﬂistpﬁn%'iéﬂttb%rﬁove
212, by etching through etch stop |layer 216 and through first dielectric

| ayer 210. |n thé¢xceshmeétad bithauitoalefine intdrgomnmetcthlinef i32 sAlternatalypmetab etoh-batkasancbe
greater sell eCtiVité éo ﬁthh Et gg | ayer 216 than the second etch procedure.
As shown in FI G U4WHed g0 defifie tAe ihd et ch procedure results in formng trench
228 and via hole 230 which extends to sem conductor substrate 212 Mask 224
is renoved, after which trench 228 and via hole 230 are sinultaneously
filled with a suitabl Anothedesanipleofipeioahrt 288 dagregené-isGhovzrOn ICstrottmees illuSttathdir

2003 , netalli |l pe 4 and .vi a. 6 ich contacts bst,r at 12
Excess netal 2321%19(2lS r%&mvﬁg 23 m’?tﬁ€'§EW'a%é B "Ftaé)]‘élreméfgqeé 2§§f'_§ ngqsﬁﬁ on a
234 Convent i onal sdighnfidfgRs &?ﬁ}éﬂ@b%%mo?%@r 255, 1 WRPEsifed IR riif didekrric layer
above, have 5 shortcomngs for fabricating structures I ch include power
interconnet |in20 af sevehtl diedectriagiadr 2i1 8 i edeposimesicon ¢tcnsgep 2 Pnwed ah ietch snasiiaRe ks

are fabricated for conductjng a relatively hi urrent, generally. have
greater thi cknesBOSHRPEFin e'?%ﬁﬁl’ag?rgzdél ET‘% R ﬁé@&ﬁ’é‘ﬁ??%q?ﬁ% ’}gi%\‘i!%ﬁ‘)le
typically extend i i r o

T Bnal 11 nes. uhi SF o B e R B S Y lchmd e
techni que for faR22 G, 24) corlfOrnsihg 1octheivie panerinuThinetching proeedure isstopped at etch stop

Croneh to the calboUshs LEGE FhE Db Fast e e oAt 0r] (6o FIG. 2B) is
trenches agpg t hepﬁ%{ﬁ%h ROt Fieféeéri%%g@t 3| 85&&5“?5@9%@@693 {268 fhr hrhdinga trench.

conductive mater I's results In deep and narrow signal " Li ne ichis
difficult to fil lAseedridabisgtrapitbtchptaredurdisased sirtth teende 228 iafayer2di8r Simudtagroakly,
line results in an undesirable increase.in internetal capacitance, In

anot her 15 c_onveﬁ?‘ie@ﬁal‘s ?%E#ﬂ?ﬂdﬁé‘}bs_f"ﬁ'é 2;]3\/\@( °‘I°ﬁ’|‘?_8‘l'§ﬂ‘éﬁ}%‘?t PP Eyq@l\%apﬂtlgﬂugh
under | ying via PG digh@RLECA R s Bhdif dahbiStens MeRhigRE R Hrer dtPordeedure has 2
thereby requiring one or nore additional interconnect levels, additional
metal fill procegrdatg sslecpstyan@tchstopdayendléethanl thetsecnmd letampsdcetanee As shawn in FIG.
order to ngsoet the different design rule reqfui rerrentaliz%gaar din

li.ne.pitch
and 2B, the second etch procedure results in torming tren nd via hgle 238 whith extends
to semiconductor substrate 21-. Mask 224 is removed, after which trench 228 and via hole

230 are simultaneously filled with a suitable conductive metal 232 (see, FIG. 2C) forming



t hi ckness for power lines and signal lines This latter technique is not
suitable for 20 sinultaneously filling a power line trench and a signal
line trench of a danascene structure with a conductive materi al ﬁﬁ@ﬁ@
these different trenches are not accessible foy filling with met he
sanme interconnect level. Accordingly, a need exists for cost effective,

i nproved techni ques for damascene 25 fabrication, wherein a power Iine and

a signal line are si mJItan Qusly for SUWARY OF THE | NVENTION T
present inventi oﬁ‘efﬂ”&ﬂdd% 8\?@?1 "r‘ﬁaf’ﬂgg’éf’a‘mc‘b’E?‘IE%‘%‘%F@"F'GPlt?ra %éﬂ@‘@&” is

contai ning integr i he prior art problens
descri bed above. éﬁ@%d%@%(%ﬁ?%é%ﬁg égr?tl)g ?r%fﬁ]t ?Bgﬁ% e present invention,
a first dielectric layer is deposited on a substrate such as a

sem conduct or substrate Subseguent |y, second, .third, fourth and fifth
dielectric layers are Coyesiopdluphdamascege wARNIquest fuchiag thase exemplifigd raboyg have

simlar etcfing %ﬁcﬂ-{&%ﬁé ot fa%glatln[gtastmﬁl?unla%ﬁlrcﬁ "{%Le &%@,?/?P ln?e'&?(gnnlggt' IH)%S ?; \%ﬁ(As

at simlar etching rates”in a

third and fifth digﬁhlémbfdoﬁnéowﬂéssPdwb’lelue's otittgare Mh@ﬂk@fdr%bh&&txﬂ@hﬁé]atﬂe@ high
dissimlar fromthose of the second and fourth dielectric |ayers, i a the
etching properti drrent, geneeadly imeeersraatsr ﬁlﬂqicnsa;@hd pitchithan signal linesi Gansequentiy, fpowver

0o 2l Bl Rk A S BB g b it e

patterned for a RANEN arkiffifichie8 R thetdithePstMictire | Ond S4AVRALRAI feeh’mi& for Fibicating a
dielectric layer. Afirst etching sequence is used to sinultaneously

ani sot ropi &l |y @tmﬁutﬁeclp@ma wanem!erand(arﬁlgmt hazing aamddarlymgmaaplwmcbdes etching
throughtheflfth th and third di ctrlcla ers The cond diel ectric
layer is an etch Ige[s&p ke tfeﬂg‘ tPlﬂ’ ‘@H&'r‘i‘éﬂ?é’aﬂ'@ g "eﬁ‘ab ?egl’e"éltycl??tﬁﬁgﬂ‘:he
Is then renoved. aﬁ@tﬂerﬂxnaer%w&jhcﬂéﬁ?b ﬁﬁmﬁﬁﬁ%ﬁﬂfﬁﬂedawlﬁ?&%%&%%a'tﬁéﬁ"I‘tﬁssresults
deposited on the fifth di€lectric |ayer and insSide the power line trench
formed in the finmss d@tpcahdng‘rwagaaihmewlﬁhblssid’éadnkorfﬂisrkhdbmthmetm&ml mp‘b(adeep
for a signal line (t,renchmalfoverlaln attern. V|a ern

i s ani sot ropi cal i¥}9BITHUHER ‘B?J'ifﬁ“ l{sipan bYﬁ‘%‘f" F‘i‘BteT"&? ,capqm anqther

fifth etchjdayer fQvdiBofal 'tk fﬁa@‘*’ l I
t hen ani sot ropi cgl y etoc ed&tnﬁ#" ug t h[e?l%fal%#;l 31 il Jgg%tblagqﬂaay%% ﬁ?{ear %'Bg are
form ng a signal fabrivetedr mndnllfprenhemeraannm lewels; ttherebye requiririgC oh@yermore additional

etch stop layer for formpgﬂalthls signal line trench. The via pattern.is

ani sot ropi cal |y d¥tersennechleyeigraddisongl metal i proesssipg étepqiyglronesqr mare additional pask
th etchi th
¥Mr om te hg !sP gnal eI iﬂr?gpﬁ gk\dceﬂq? Hﬁ%ﬂ?ﬁg dtf%ﬁng? éﬂér%e séelkon#ﬁas Réﬁ?%{@%?lﬁ??h@ﬁ and

removed, conpl et ithigkiese forepower diheshiand simaiutimsse Thikhlaster a@schniciiei i9 ot ssuffable for
line 25 trepnch and power t1|net rench which are accessible for fillin
with condu |ve PERRtangpusty filkingea pawer lingiteanch anfasignad g trepeh op a daspascepgsstructure

trench, signal »ﬁﬁz 3 &ﬁf&ﬁ&l\%%t&ﬂﬂiﬁ #}erigesg bftrePt FCI?C?’IQS ?E A atcgé}xﬁgfé%ﬁ'f Hm w1th

fllledvmthaco uctirve materl , such as a nmetal, to fma nove
damascene st ruct unetal at the same interconnect level.

Accordingly, a need exists for cost effective, improved techniques for damascene

25 fabrication, wherein a power line and a signal line are simultaneously formed.

SUMMARY OF THE INVENTION

The present invention provides novel methods and structures for damascene
30 containing integrated circuit devices which overcome the prior art problems described

above.



30 A suitable dielectric stack for the present enbodi ment includes first,
third and fifth dielectric |layers conprising materials having a | ow
dielectric constant) while utilizing oxide dielectric materials in' &5@003
second and fourth dielectric layers. Materials having a |ow diel éct

const ant 3 '~ MAR 2003 -S include organic spin-on materials,

spi n-on-gl ass and pol y(arylene) ethers Suitable oxide materials include

SS2 and F-SiQ . The Bresenb nbodi pent of the invention advantageously
enpl oys three design IPQNgEM %‘ﬁG‘FP‘l gnoPTEsent Hyentirnd fsiglielastyic dayer is deposited on

pl anari ai ng or et t 4 n Lent resul ina
DL anar | 2100 o SERARE Kot 88 b B IE BRSO B S Toldh B v
si nul taneously fduleaec Saygfaareldepesiedt TReIroRhY AN SEBBIRNRY & 61a6€ kinlifar lefhRig
t hus overcom ng the prior art problem of deep and narrow signal |ine

trenches in str fOp@FEEstGiet ei tetlarerpagecapablel ofibgingl etthereost simélar etching rates in a

si mul t aneogsly f] o not.-her enbogdi t of, th resent invention, a..
novel quad?up! e_pégtirc%gd{:eeﬁ% a?f"%'?ﬁm@ﬁ?’e‘%@%o?%dda @iﬁﬁt& ?‘ﬁgcrﬂcyléyﬂf de¥e £1shing
layers exenpl i fichgratrisths which e iskirilBe i tRide-of ThesebbrdPdndabahh QRIREHUARES o
is simlar to the above enbodinent, resulting in a power line trench dand a

first via patt erthe etchiog@rongrties obthgbe mhterials Atetsuch chat finst athirdt dnidrfiftH diglectsic labers
second etchi ng sequence.of this enbaodi nent  enploys, a,.second etch mask | ayer
on the fifth di eﬁ?fg’p?‘r??‘fe_é a2 (e e aeé°?$é’q%fﬁ)é?h|4lﬂ_§°‘f‘r¢3ﬁ%%$ irpj spesigs jetch
layer includes ahgmBigl AlfrdltchieRk DpdPRkded o aléowyrﬁ[nb%nm at@]@ . % @%E&&?m&

as well as a second via pattern inside the power line trenc Irst an
second vi &0 pat t difindlielectrisiaper] Adinstetahing saquence isaped il dimukarcoasly ahisatagpicdilpetch
second dielectrig |ayer. Subsequent]l the signal line trench pattern is .
ani sotropicaliy tg‘? B‘h‘}élﬁ "PﬁFfS'EFE'rP%Fﬁ@ apy#l'teﬁ"aoﬁaé‘Fg'tlSFQ‘{ghlt%&éﬁhvff@#W?ﬂj’tB"'@ﬂ’g’r‘FﬁWC
line trench. Thg,&lIRRL stddif d | ' PAR y oW

ani sotropicaily ae)t%?: i ng St o@ﬁf %ﬁ@ﬁ%‘*@%g@%@ﬁ&@ fgm er ngyﬁihﬁg\g&%&ﬁ% -1;‘h|erﬁsr§t
20 di el ectric | ayermaskds thengethovedt and a second via hol es respectively. The
first via hole extends fromthe power line trench to the substrate, while
the second via hole extends fromthe signal line trench to the substrate.
The second:mask | ayer, i.S_ 1t LDV The resul ti,ng novel .structu . .
i ncl udes gs power i ne"f rieecr?gﬁagﬁlﬁ glr)le@i%g%cet ¥ %ﬁm'i‘%‘rl erbsiae/elp88f i% (if‘%{}@? dielggtric
havi ng an under llyyengndinsidditdle powdiitesiehttofonified imtiedirstiredhitttoseqaertve ITHR sebdridiemask

trench extendi na t hrough one 25 dielectric Iasier and having an underlying
via hol e. Both Vp¥rkolexelopsd fona sighaliline treughomnaskt averlayipg the Yig patiern. g ws pattern

(T enchbs, The panen e P ek SEbual8e sicha Wkt TREE {pGndh b et e

si mul taneously ffothedvidletch ngask OrtdsignaMie tiRhel pattern fsQhé dtdsctrapitally vieh&l through
damascene structure, which uses four design rules. 30 In éet ~anot her i
embodi men20of t HBe fb dielactricayen theseby farming a stemallinegrangh; whareinitherfpurdy dislgctsic

Fayere o~ e RS R Ty R o B Rl P BRR L unbitferh a5 hitay

enbodi nent s Thi SeretEd AkHolEN the Wrdt Idicl&sricila ér,r§ﬂhuﬁ5rfeahﬂg“sm%ﬂaﬁﬁgeth%isiqnhﬂrnet&nch,
t he previous enbodi nents The second etchi ng sequence uses a nmask | ayer

whi ch i s deposi ttherebyformingfaiviaheleme¢ndmgfiom thagignalding tieneh e he subspaeckhelseeand

h which is f d i he . fi hi A si | _line. :
bt Lorn 15 or e TR B daioribiy Bl O AFbradi g feotihiel B sy B g hellie

via pattens Whi Glerich ah@®h FBter Fhelthdich Whith 8¢ £d2kfishiS RFURMEL WA oNdRtiPa Hakkal at
is anisotropicaliy etched through the second dielectric 1ayer The signal

| i ne trench mar kthe samgingocanoeitdedel y et ched through the fifth layer while
the via pattern is sinultaneously anisotropically etched through the first
dielectric layer. The mask layer is then renoved. In a simultaneous

ani sotropi ¢ etching PrRGRSRr lihdeRRYGEnal iMdSrehbh dddaRiabri iﬁg%ﬁt}ﬁi@ﬁg siultaneously
etching through the second dielectric |ayer, the signa ine trench pattern
i s etched t hr oudfiiledivathfaconductide mheedal such hsametah taiforia noivel tppletdemascese structusel

t hrough t cap layer, The struc e, thus fabricated includes a po li pe, .
trench exg§ndi nql‘f‘ﬁ?af?lfﬁﬁ‘f%‘éc Sf“imﬁ‘t%r, the B‘i??et"ﬁ,emé?ﬂc‘?’ﬂ"tdﬁ‘ﬁﬁu%é E%Bﬁdthtﬁridélf’@@ftp fi'(?[l‘:mc
| ayers, a signal lailérﬁﬁ)n??'rﬁiﬂ%%a@?fafsﬂﬁm alioW Qididd @nbtaht, WiRR uilifiHE blide dielectric
dielectric layers an avi ng an underTying via hole extending to the
substrate. The Ilfateoalein thd seeordraed fdurthdietpotric layens Materatshaving alow dieleginagonstant
hol e are sinultaneously filled with a conductive material, formng a triple
damascene structure. Three design rules are used in this structure. In an
addi ti onal enbodi ment the above techniques are used to forma novel 20
guadr upl e danmascene structure enploying a cap layer and five dielectric

| ayers. This quadrupl e damascene structure provides a power |ine extending

- " £ 12 1 S o o o o



30 characteristics of the first and third dielectric layers are dissimlar
fromthe etctung characteristics of the second dielectric |ayer. ﬁ,rrﬁ@{;m}
| ayer having a power Line trench pattern and a via pattern is dep S|

the third dielectric layer. A power tine trengh and a via 3 ~ MAR 2003
pattern are sinultaneously anisotropically etched through the third and
second dielectric layers in a first etching sequence. A second etching

sequence, anal ogous to the above enbogi nments. is enployed to , _
ani sot ropi cal |y SCHIJe QrEaninspin-pp MRateriasn sHMafr gassandrroly@niency pbesc Suitable oxide

| ayer and to si %l [ QR ' t
the first S di e@é&?@% aydérs?@i‘ag]rgtnﬁi’ﬁgz' gﬂékésﬁﬁﬁg b\tﬁ)ﬂ} cﬁ\fulll gt;(tp gﬁ&gﬁt& r 3‘?1('%%%“51}'
signal line trenemmplogs tHiee desis inilas RqUifig PaIvEwolmaRks ?ﬂ&@ﬂhoné%lﬁﬁhﬂzidgid?@qh back
trench and underlying via hole are sinultaneously filled with a conductive

mat eri al for m ng S&PndvRItha Rresenerahadiment Frsully ingpowes linggtengdingghronsle direpdielgetric

les. 10 | il . [ . I . .
Struciure (8 for i e ROPESR wrfad QUM 1L AR G BRERBTRE ieseupdprer

whi ch are deposi tied oogrceming bisd privir art pfatslertof HedptarianeRLsignal Bhdlrérthesin siri@gRs
described in previous enbodinments are utilized to forma structure

i ncl udi ng a poweMhereifethe peyyehansisignablings atesimulianeondly filed.d and second
dielectric layers, a signal line trench extending through the first
dielectric layer, a first via 15 hole connecting the power line trench to
the substrate and a segansther énbtifert OTRE (prdddnt HfefidiNa! ndvenauie.’r@@emahﬁscene
the substrate. The power line trench, signal line trench and both Vvia holes
are si nul t AheousIsyugtinieliefprmed hsing ﬁnrﬁdadhf,weiqiaym exdmplified inl the prgvions embodiment.

drupl e d truct i ncl udi. | i gnal | i d t
Via plugs. Four dOEfEH SEseapeics Stmit toHRE APRYS AMPODEEE RFHG In SPovpr line
still another emﬁémﬂtaﬂﬁtbfaﬁlﬁtt@ﬁ@xﬁﬁaﬁg@hr’oﬁgﬁEh°e m\(tdwzh%aitm&,f&fhmgewnd

1
characteristics are sequentially deposited on"a substrate In a firs
et chi ng sequence etchingisequncanfshis eropodiment emplaysasewbnd etch orask laygronthe fifthdielectric

trench through the third.and second dielecgfric |ayers. Sinmultaneously, a
timed ani sot ropi ané'f%'}ﬁi ‘P%&J@%Bo‘t"ﬁﬂ&e&?"‘ﬁh'& 155 B‘éi‘iaéy?f ‘?ﬂ?‘iﬁi@ﬁ'&“ﬁ@’“ﬁrq‘ﬁh pgtern
and second 91 el ecivefingAHE U pafteriGs UM 14 SOLANA REPHERA Frsld? (RIIRDY Gile HORLIE The
a sinultaneous tinmed anisotropic etch is used to forma signa Ine 1n the
third dielectric firsiyed secodd via factems arevsiraultaneousiy axisatrapicallh etwhehthrdughfthe sécond
dielectric |ayer.,, ower_ line trench giéignal l.ine trench and ﬁi a

he . , hol
are simul taneouslckFT?cFrl‘qqéﬁr\ﬂ“PFF"éfe@ m@ﬁé‘ﬁp ﬁﬁﬁ%‘f}! Rafterny ip grusqrgpicallygtehgg through
novel triple damagCeng il Wyer Retinit 4 ieRR BRSIERKH. WtESsignal lind) pitith NETetched
enbodi ment) techni ques anal ogous to tRose "descri bed above,”are used to form
a novel quadr upl eimdrzasmsiysvidtanisotrapieallystohingitherfrt and secdndojd mattetnsiesugt the first
structure _ 3 ~ MAR 2003 containjng three dielectric |layers. having simlar
et chi ng chdPact o ety fgna@a frﬁﬁﬂneaas&}%@e%%ﬁg%rﬁmu@ﬁé@% rhOlfeXteds
rul es The inventi i i i TR :
damascene struct uﬁ’o&&&%@@é@ﬁﬁgha{tﬁﬁﬁgb% O%/e’%% éfr?tt)i(‘) |e§.érﬂ’p§a a %%% aégrgumstpfls:gnal
require only two lméclentieokthe sytstrateaBhe sezedd awmsly layee ipihan a¢rmavedgThe resileihg novel
back step to define the interconnect lines. The power lines jn each of

these novel st ruckyFHES iacludss@ ROAYeS linhireRahexiendingctbinveh thres dislectncdsyeryand having
signal |ines, but o i il

respective trenc hag?ngéfgg%g}égel{sog?'gﬁgmp%?ﬁ 19 ?F?ﬁ*ﬁg'wﬁy?ﬁ&%%hﬁ‘ﬁ% I \t}g%ngﬁdgﬁhg A\tone
the sane i rSer condielédtri¢ Ryl and having andaddriyinpavia oo dionte nia otz ekiead po theanbstrate.

i nvention, manufacturing systens are provided for formng, fabricated | .
structures, such BPicaly viadoles ppdarlyinggower trenchesare wider thapaisholss undeslying signal line

systens include troll G WA Ry ie

e o A e R B AR i AP Ry e
fabrication statiwifs aRenduttiv® nfatdaD fBABINE G duadslslp daimbsdene strudtie] whithtuses four
fabricate the I C structures. Operative |1 nks provide connections between

the controller arf¢siBpdlpfnufacturing stations A data structure, such as a
conputer prfgram causes the controller to control the processing steps
which are perfornmed at the fabrication stations The data structure can be
provi ded on a renovablig wh eabiheniembsdiferig of MRl iprésent2 fhvBitidnl- aDitRCRIre TS Ehbridated
THE DRAWNGS FIGS. 1 A - 1 C are schematic cross-sectjonal sjde vi st )

i | lustrating pri octmplexing ocaplayss whichds interpesgd betwesn asubgeate a@sthFﬁtgﬁe oatric layers

are schematic cross-sectional side views illustrating prior art IC
structures at sequential stages. FIGS. 3A - 3 G are schematic
cross-sectional side views illustrating an enbodi nent of |C structures of

the present invention at sequential stages. FIGS. 4A - 4F are schematic
cross-sectional side views illustrating another 30 embodi ment of 1C

o, o Y b1 oy S - o - o, o



FIGS. 5A - SD are schematic cross-sectional side views illustrating another
enbodi nent of I C structures of the present invention at sequential stages.
3 ~ MAI~ 2003 -9 FIGS 6A and 6B are schematic cross-sectional side3wiﬂm5mm
il lustrating another enbodi nent of |C structures of the present invention
at sequential stages FIGS 7A - 7F are schematic cross-sectional side views
i llustrating another enbodi nent of I C structures of the present invention

at sequential stages 5 FI 8A - 8D are schemmtic cross-sectional side
Vi ews i||ustrati\%°‘aﬁ&§t ¢riksdip apRRsAHOHVIth thesabaye embediments; hiis smbadiment utilizes

I nvention at se L.af: : - -al.e _sc | ro {iopal
went | on At | SOl hehing \BIRRCE Ry I PR ERTB, T R R pce
invention at sequetindlsk sdyegenichiliepoditdl on the AR Bele@NEMEr &nd inside the power line
cross-sectional side views illustrating another 10 enbodinent of IC

structures of tHeensheaduelt isifermedtin the first gehingsaguances Aasigng! line| t@neh patsern isfoouned

diagramill.ustrati,ng._a nuf act uri system for fabricating,the IC ..
structures 5of FI'Eﬁ"gK‘a-S‘ET% r*’fsﬁiﬂ‘a&gﬁ?% %?"b?‘beéﬁyﬁ{h&d?aa?ﬁ?ﬁem %E'PF&HP%edam the first
nmanuf act uri ng systng E@fuehed mheakd psidrh®s drtsoblopitatiy eRfiedthrbilgiShe fecondBieledtric
FIG 13 is a block diagramillustrating a manufacturing systemfor

fabricating the lp@rsThesignal §ge trenghl regk isanisorpigally etshed throughETeNiftiEByer while the
DESCRI PTI ON OF THE | NVENTI .C]\ll 20 i |l e descr i}{)i ng'b":[ hg i nﬁgﬁltéondgpd i ts Th
embodi ment s, cer Y&PASTAITIRMIBREPUSHY | anispORIF3!lY; Sfehedstirough dhestissh distectric aysr, The
It is intended thQadk 180rhs THRR TR | W i i hE 5 ;

enbodi nents but all e%glii %/al ents meﬁ?lénhé g@lruf g{%%ug&%lg‘??r{ﬁlél gtialug}gﬂl&ecggé% power line
function, 10n sulbts¢rehtis aklepdedchby sthimgnthrough the sexoind adidedtfie layemehe signal lin@ Srehch

O e o okl R Bl o e
trenches, wherei g QG théﬁﬁcﬁirggﬁ'ts gAH Oﬁte& TRAAIRE S pB%rﬁr{%tl—Hﬁgﬁ%ﬁ{r{Icﬂ% t?ﬁ%cﬁxgh the

hol e. These trenches are utili ze rma power ‘I nt erconnec

carry power and ffihgfourth| thirdmadsevend dieleowis Idyersc asigyal life tsérgh akiendidy theough the fifth
has substanti al IOX %reatgi\re t hj cikness and pitch than a signal line, as is
wel | known 30 t cAndrigu@h dielegirigilaygrsand haying snundedyige via holeextendiantq the substsatesThe

is illustrated i i q . r -
Fras Ba | BaG oL@ lineIREE, dinafilelidiin o G PRing e hde Bl HAIURER RN with
herein, incl udesa carabevemytefiall forthingX wigleaiaftdsedne GttiftGrealhree design rules are used in

this structure.

In an additional embodiment the above techniques are used to form a novel

20 quadruple damascene structure employing a cap layer and five dielectric layers. This
quadruple damascene structure provides a power line extending through the fifth, fourth,

third and second dielectric layers, a signal line extending through the fifth and fourth
dielectric layers, a first via plug extending from the power line to the substrate and a second

via plug extending from the signal line to the substrate. Four design rules are used in the

25 fabrication of this quadruple damascene structure.

In another embodiment of the present invention, first, second and third dielectric
layers are sequentially deposited on a substrate, such as a semiconductor substrate. The first
and third dielectric layers of this structure have similar etching characteristics. The etching

30 characteristics of the first and third dielectric layers are dissimilar from the etching
characteristics of the second dielectric layer. A mask layer having a power line trench pattern

and a via pattern is deposited on the third dielectric layer. A power line trench and a via



3 ~ MAR 2003 - i o partially forned integrated circuits The structures
depicted in FIGS. 3A - 3G enploy a dielectric stack conpri si g4 MR Q003
dielectric layers, including two etch stop |ayers FIG 3A shows a first
dielectric layer 312 which is deposited on a substrate) such as

sem conductor substrate 310. The expression "sem conductor substrate" as
defined herein) includes structures and devices conprising typical IC

el ements, conponents) interconnects and serj condyct or terjals., A second .
di el ectric | ayer PAWIN AL H@HB%‘H%‘%Y BRISPITPRIER i%&@gttﬁﬁoegi% ”gfﬁd second drelectric
Subsequently, a I i i 3 f j ctrl y.er

and a fifth diel fé@%”%ﬁ%ql @J;?gg‘tc@?ﬂg Sg ee(’:‘é%p%gf%‘g‘g. aﬂi'é?FﬁugJﬂ)ﬁbttd%drlg%é@ttgl ‘Qgiﬁ?‘”e
322 is deposit edefbodimknts. diehmeyedito ahdotrapeally3eidh alliglat tihé trentpyesuhIhe third
and 320 have sim |ar etching characteristics. The expression "simlar

et chi ng char act eflielgeiricdayesand v sigultpresouslanispirepically tedahe Miadagemehrpugh the first
i ncl udes etchi ng propenties of. these mateni als ch at_the materials.are
capabl e of “bei ng  BEERE R Tonink 492 Bl Rt SiFuS oM el P TRERG B Suoilfie
chem stry. Diel eThé pewhoMR tpendhssi dliﬁelﬁerfvhean@tlﬁbergﬁr@wi& aylefape fmviti@ously filled
simlar etching characteristics. The dielectric and photoresist |ayers

depi cted in FI GSwithm: ggnducB@ owterisk fadmpngsi mevel Byiplardamascent: strasuieozmploying: three
are well known t? thos? of ordinary skill in the art. First photoresist 322
(FIG 3A) is pat RN For a power line trench 324 and a via hole 326. As
depicted in FIG 3B, trench pattern 324 and via pattern 326 are

ani sotropically 20 etched through dielectric |layer 320. The two patterns
are then afl sotropi calt yptilbrodther embedimantdiaeheset ghadrople clamasespy strugtere Bifermed
This is followed by, anisptropically etching. the. patterns through dielectric
Fayer 316, wher oPRPlgy et fiFes foaye reinlted deleiclivetWith e Errked R psiirece
step. This etchi WQO%&E@Q%ﬁeﬁc‘éé%lrﬁiﬁar kdtHoRé BRIRAbEY iRPY&AoUs eRBolifRAGArSdizeN &
a via hole 327 (FIG 3B). The etch chem stries which are used to etch

di el ectric | ayer forBils strB3di8reaimdludidy apevsiern ine2Geinh etdndingi theoughtthe thesipandt second
first photoresist, |ayer 322. \Were two materials are exposed to .a .
particul ar etchi H’{jleﬁfv’lfclé%eés atsﬁ@aL RTERF GRS thgoua'éfher@& Cﬂ@?‘éf‘ﬁ layer, g £iryfyia
selective ith r Iy} j . | j

2t o si gni 1y cant [oeep g O febct IR FBIcR, MsuBlifl dH SoalBicia e bohncng he
| ayer 322 is str sigpadinaftteach to drecdab824be. aFt poveer Hiak ereB signal linertraach ambsboth via
showmn in FIG 3C, 30 A second photqresist |ayer 330 is deposited on fifth
diel ectric | ayer Neig9 areSimylianeoysly Blied with @ Capguctive; mategah Jesulingo iy 7| quadruple
power line trenc ' : ShOf j .1 e -t e : ~ :
2003 i s devel opegaﬁﬁégﬂﬁtgcgé%éﬁdl% ahégrgﬁ fé@"‘r %;‘s@vnlggﬁ’?)eaﬁaéraﬁz\%gﬁﬁi%’Zfiesmgn
formed in | ayer 8#€s dResseat inlthiy evedid@ technéqueo patterned for a second signal
line trench 334. 1t will be noted that signal |ine trench pattern 332

resul ts i % enovi ng any resist 330 material which may be present in via

hol e 327 Via pattern BepdiS S i Y di.elect r 6
(etch 5 stop) |ayer 3?&,“2& Sggp}lﬁ%g%g{r?%gﬁegg g’lﬂ'é‘% e%@%ﬁ@gﬁggéé q%%’g %"ﬁ!ﬂs%c e'iéh?ng
procedur e requir ekaridiadisticay@rsequizaaligadpdyitéd baveulshtat I 4 fakst @Elihd &guence, a timed
characteristics. The expression "dissimlar etching characteristics" of two
material s as def PREQITQRE eichis usediofaam 2 domer hee tsensp dirpuglsthe thirdand seeand dislestrac

such that one of I has. i r.et - t h. r
material in a spleaé'lgsi gﬁ"e‘ﬁ‘@hg‘l&%@mﬁz‘t"ﬁ?r}’?ﬂ%ﬁﬁ?@c"e‘!&u‘% ggel%l tiolt]eg r%ylgd)gl{t%ﬁlgpau%bhe
al so requi2%®s thghird aydsecoad AdidiectAnday@Rr0 Aaweondi @sting béjuefdeCRi difployed wherein a

characteristics. As depicted in FIG_ 3E _signal line trench patterns 332
and 334 are ani s&MuBNeA tinedtanisaWopip piGhdnuser 1o fore asignat linedn theythird diglgstric layer

form ng signal i t renches 336 - r ively. Sinult i
ol o 3971 o ext eRLE B Rcn 2 Sp R aane Hrsh @RS it Bl et RERRY He e
first dielectricsigamaineddehchaf§vabholé areiimdititieduddp iRe3dMth @doRAGetRe ridiéral Ghus
dielectric layers 312, 314, 316 and 318. Via hol e 340 extends from signal
line trench 336 fabricating s nove! ginde dahascenectriuayrensingiirrealesigh ndes ated in FI G
3E requireg,that dielectric layers 312 and 320 have sim |l ar etching
characterisStics, while layer 318 needs to have dissimlar etching
characteristics w th ngemitHerlethbod®ing tebhdiqaBsandigoustoeh&ik Abscribeddbove, afsused to

whi ch are used to o _ '
form a novel quadruple damascene structure using timed anisotropic etches of a structure



20 etch dielectric layers 312, 314 and 3 20 need to be selective with
respect to second photoresist |ayer 330. Second photoresist 330 is h@ppped
fromlayer 320 and from power |line trench 325. The trenches and? 5 3iMY

are then sinultaneously filled, see FIG 3F, wth an electrically 25
conductive material) such as a netal 3 50. Excess conductive material 3 50
is renmoved (FIG 3G fromthe surface of fifth dielectric |ayer 320, for

Chavont onal o ERER Bl e o e oo T R RE e Bbies Tt rupl
conposi ng power n%cgheSSI% pd kﬂﬁu@'deé: DRiles 94 with underlying via plug
356 contacting su strate T% %ﬁe expre%sron "triple damascene structure"

as defined herein) 30 includes a power line and a signal line having an

underlying via plug which are fornmed sj n}JItaneoust such t hat the i nes are
formed in trenches. ﬂihe InNeBIYe terBniaresIPeiagEFA S dRlS pRE AvAduRIS damasssns Hriqiwres

structuresdllus
M A 5003 5 100GEES E“s"%ﬁt crlogimelty ERRNAYech¥F rieFff i mask fafrs dne
power |ine and anardgmb,l oreiptanatidiny &iefchibaek step nadefing the iftasoanaot an@d The f)OWer lines

el ectrlcally connectin g t he S|gnal line to a substrate The term "desig

rule" as def i nedinifaeeofihese Aeyel seistusessxtpnd Hﬁp%m@ﬁ@twonmhwnmmSlgméémes
and via plugs wherein the e I I

i ght o el 1 oo tpdy s Y efE e bR o PPk gk At U, hlnkhe P oessivl

same i nt er connecforlfiftitRl witeeshdubiRie@hdieridnat the dart H\%r&ﬂﬁﬂe&ﬂe%ﬂ e includes the
via plug width and height. For exanple) two adjacent interconnect |ines

havi ng thel&ame hei ght and width represent one design rule) whereas two

adj acent |ines having,t but Vi n i fferent hei s conprise
two design rules. Thel} ﬁ&%@‘"ﬁg’s’% é'?’ﬁ?té %nﬁt &;—%gﬁit 'Pqut'é’nppggﬂﬁf eHEEgl; are
require only tmfﬁ&ﬁé&for&@%ﬂﬁéﬁﬂ@&@'sﬁucﬁﬂ’@ JieN & thd RCARIcHIEs HRREl e@éﬂtmvanuon
single metal fill for all three patterns and requires only one planari zi ng

step, resulting Thesegyerasin¢lude d eoatrolen, suckasn campotsmpdndd:saﬂamectfmmmacmm\mh
techni ques. The thre nrule nal .line.and v

Lhe I naent i ve trf ARy StEction s BoTs Eath B bt iReion HaHotpsr i’ 2 Podessing
di el ectri 1 8Yer giep SfifcnT@ifizd) tWrttqcteftﬁé @@Csﬁuaqre'él @Eergf;*ve ol & oetd%Qoaﬁec%Qns
Design Rule Dielectric Layer Power [1ine third (316) h (318) and

fifth (320) Si gnbétweemehe(c3atdllef arfdithe (nSﬂﬁ)ctNmﬁg Joations (AB&;&): sﬂhnatste (L&hﬁ}acomputer
second (314), third (316) and fourth (318) In summary) formation of_ th
fabricated strucPifegam, qapsesthegasgoller trrr@roléhe prosesrnaémaaé%mftweepﬁfﬁmgd at the

sequences as fol ra(BWEano'?‘l sftdt[g)ﬂg 'ﬁrteQiQL a'Sue ot Oﬂé@\{qﬁt{d ?rl ?gﬁ]m rab SdiddefiicBstorage

first etch mask [ayer, such as a photoresist, ectric
| ayer, devel opi ngpediuppwer | ine trench pattern and a via pattern in the
first mask dayer, si mul t aneously etching the power line trench pattern and
the via pa% ern through the fifth, fourth and third dielectric layers, and

removing the first etch mask | agig 160 O PHESSRUSPEEGE Nl udi ng:
depositing a second etch mask Iayer suc as a photoresist, on the fifth

dielectric layer and inside the power line trench forned in the first
et chi ng sequence, develogiqg a signal line pattern overlaying the

FIGS. 1A - 1C are schematic cross-sectional side views illustrating prior art IC
structures at sequential stages.
25 FIGS. 2A - 2C are schematic cross-sectional side views illustrating prior art IC
structures at sequential stages.
FIGS. 3A - 3 G are schematic cross-sectional side views illustrating an embodiment
of IC structures of the present invention at sequential stages.
FIGS. 4A - 4F are schematic cross-sectional side views illustrating another
30 embodiment of IC structures of the present invention at sequential stages.
FIGS. SA - 5D are schematic cross-sectional side views illustrating another

embodiment of IC structures of the present invention at sequential stages.



-t3- 3 ~ MR 2003 _ via pattern in the second etch layer, etching the via
pattern through the second dielectric |layer, and subsequently etching the
via pattern through the first dielectric |ayer while simul taneouss{ )Igﬁ@%gpi ng
the signal line trench pattern through the fifth dielectric |layéer The
structures shown in FIGS. 3 A - 3G also illusthate the sinultaneous
fabrication of a signal line 5 358 which is forned without a via plug. Line
358 extends through fifth dielectric layer 320. The inventive techni ques of
the present enbodi menfl@SetsundalB ard echematiarcrasspeaionsli sde etemis dlhstratis another
provi ding that the eé,ch sefl %\(/:éfﬁi vity and etching characteristics of the
materials meet t REDRdiMeRt Pl Citiuchirgs @f theBressnb MYePHPNE ARUENTIIHagET h FI GS. 3A
- 3G Exanpl es 10 of suktable di tr aCck ITE ' 0 :

third dielectric | ayeﬂéglzgan 3?@6 férlh%rﬁhg %%%tggmsngﬂcEldgsclﬁ%%ﬂamg another
( pl asma- enhanced embedimeal ofi@dructeenst the presendifv@nioncat sequBnfill, staghd | e

suitable dielectric materials for the first, third and fourth djelectric
layers 312,° 316 and 3¥CPndrudSivetre sehanatigagrosigsestionsly sifieeyigws rilustragng aaather
(k), such as pol : BXGR f : | ased
materials, spin- %ﬁ%g?@e&gﬁi C po*@%ﬁ@%ggﬁ&ég%g&#ﬁtg?ﬁﬁg? ég&gﬁg

non-fl uori nated pol y(&igEena) - dfhares s¢heaniier oss-deptidtabwideasietvh ARstrhtifg aindther
2.0, which are available fromAllied Signal Conmpany), poly(arylene) ethers
(commerci al | y kn&hgogimepingt 15 struchiyes of1B¢ aresers ivVeaTRTNI SRUENTYIFAERY) . di vi nyl
si | oxane benzocycl obu S- ). or_.sim.d r and. aerq-gel. These
dielectric materials tg?gg'\/\ﬁeﬁy 'kmargd%t%}"ggélgaé(’g?&bsggroﬁtgfssﬁg KITYT nﬁ%ﬂfaﬁnggaa:ﬁ? :t:her
Material s h@vi ng embbainiedi 6f CithicfurePothe presef) imentke dtReghengalatdped. ncl ude
materials having a dielectric constant <3.5. The oxides and the ipol'yrrgsrs
have dissinilar etchi A§Gchlisabloskidiagrapsillasttating e menefhctotiegrsysteni fos fabgieatingghe IC
pol ymer etching, such as = ed,gtch chem stries, are highly selective
with respect to §Frﬁﬁu6§°1fﬁgc'§t F3 and, CHFX based chem stry typically used

for etching Si02 is higggl y2 i%%'bﬂfckid‘{a%r%ﬁ Illhstfﬁﬂ@@ﬁianﬁf@ctﬁﬁﬁg/ §Riem @5_faﬁﬂ|@:5lt@rth% IC

exanple of a suitable dielectric stack for the structures 'shown in
A 3G i ncl udes sectmdumsdf FOuStIA + 8Der dielectric materials conprising

nitride, such as CVD em cal,  vapor deposition) silicaon nitride, while th
st thi P and 11t FIDapbe doh Bterste Mharasne Amenstaetine otergceobinesbe fe
PECVD Si @2 and F-s&\84resd@ Fis a0t ben,goRadjiprent of the present invention,

t he novel damascene process is utilized to formstructures, such as an IC
structures, as illustrated in FIGS. 4A - 4F . FIG -143 i MAR 2003 4A
shows a dielectric stack comui.Sj fl i ctric I L.l ar to the
dielectric stack depicted i M%@bﬁwjﬁﬁ@pFﬁéﬁm@+Mer 412 is
deposited on substrate 410. Subsequently, a second dielectric |ayer 414, a

third dielectric layer 416, a fourth dielectric layer 418 and a fifth
di el ectric20ayer 420 aWbileddgsogbingdhe Wvéntiontand ot antedinsdntd, agaain 4&thingogy will be

deposited on fifth dielectric |ayer, 420, D electric |ayers 412 and 420 hav
sinilar etching d%‘éi?%%"ér‘?%faii{%ﬁlﬂ?aé‘l‘)éﬁf b igtendgrothat such taRpinalegy %@gstneh%@otge
dielectric |ayer i i i terd st i : L i :
and phot or esi 5t 15y ey ipoRinEnlsYiuc 2 Sth0aofURTAR LAY, sObianfaf Ml SR Rbfion. i
met hods whi ch ar esubsdtiaky thersaine nidnaaetoathievedthaasrge sait | in the art. 10

First photoresist 422 (FIG 4A) is patterned for a first power |line trench
424) a second power line trench 426 and a via hole 428. Power line trench

patterns 434 and 426) Vi r ani FoDi
Phrough 11 feh f our ¢, 1ns GribcRihé o e ffon0l o0 SRR fndkh IR Smploged to
sinibar manner asfbtizaerstroedres inohatines povoer link tlendH 4id t3B.sighhlrline tresdties twheaayiarone

422 is then stripped, resulting in the structure shown in FIG 4B which

i ncl udes power 15fithe:dgnal bngtrenchesims ap yndestyingayiaihele. ol hesg wenphas arpytilized to form a
illustrated in FI I i it i LC
ayer 420 and i n Tosh pRoTREOD B eBghERE ind il icHBRRR R 02ty R FEhiCA
can al so be depospdvad linehas sabdiatiallg gfeatevekiclowspdndtpitcie tHanta sidal lins, a3ds tvell kadwn
for a via hole 440 in power line trench 430. A first signal |ine tcLen%ag)' p
pattern 4380 s degehereat priipampiskHlw the arbaTheoipsentivginsacess i Pastrated, I Hpricte
| ayer 420. It wl 0 fyeS| ' - _Rat &

in renoving any rgérsu?gltrgllg‘%ﬂv%?%nlén%%re%%ﬂez’gvenﬁg Fitl(?l'g\%/g ﬁ%l 2%4 Xf&&og ﬁh‘ééféted
patterns 428 and &#Qitaktmciufenasadéfined mhegin; dhdlydes tcohplbtdin favgl isegmared circuits and
dielectric (etch stop) layer 414, stopping on first dielectric |ayer 4|2,
see FIG 4C This procedure requires that |layers 412 and 414 have

dissimlar etching characteristics. It also requires that |ayers 414 and

420 have dissimlar etching characteristics, because |layer 420 fornms the
etch mask for 25 etching via pattern 428 through |ayer 414. As illustrated

4 a AN o AN o R



10 15 20 as shown in FIG 4E. Via holes 446 and 448, power |line trenches
430 and 432, and signal line trenches 442 and 444 are then simultaneously
filled with an electrically conductive material, such as a matag..l ﬁ@q@gs
conductive material is renmoved front the surfiace of fifth dieleetr yer
420 (see FIG 4F) using for exanple conventional CWP or conventional etch
back to define the interconnect |lines. The inventive structure shown in FIG

4F is a novel quadryple dapascene, structure. The expressi.on._ "quadrupl e
danmascene st ructmﬂgafg"ﬂgﬁinﬁgw%?‘équﬁf ﬂ?cﬁtﬂ’&é‘geé)éﬁﬁ'\ﬁf&d 'P{}ﬁ@gaﬁﬁ 'ajD@iegﬁﬁ!ﬂy a
| i ne each havi ngg4igiactHB4REE YbRSHsY | & 1126 | ' j ugs are
fabricated simul tlan?atousl y s%'ﬁ%lstm ag\}%t eeéleﬁﬁggég'rlga? g#rn%ggéiwsrtéé]gﬂg‘g These
guadr upl e danascene structures use four design rules, including a power

| i ne 450 having an under | ying vig I?l ,ug 452) and_ a signal |jne 454 having an
under | ying via plug 456 3pishews abit diskecuisciayend 2 whigh s depesiteshonsmspbamae, such as

extend thraugh vari ' ] I 1L h ures_as .sh .
n Tabl e Bowth ey BudbPu G510 e Ry BeR b SR EC e R e
25 Power |ine (4mBldéshstmudtutetlafd devices eomprisiiedtypiald(f éléhbnt§, 43MpoRens intef ddfnects
via plug (452) first (412) and second (414) Signal line (454) fifth (420)
Signal line via #dsgmicondycter materigls, 14 yecogd dishrgtricalaygr 3 1dris depqsited pn &ingd dielectric
fourth (418) 30 r S i - _4F al il.lyustr t.he

si nul t aneous fabg_?egéﬁ % ogrdlls%)eﬁ_ﬁegﬁlﬁ'o%mIﬁ%%E@y%ﬁﬁﬁbﬁ??uﬁgegpﬁSayﬁhglt SZand afifth
signal |ine 460 ufeletidigtayar 320arddepbsitedhs fiest phdtbesist Rydr 30Bidded B8 d-ohFifBAetdctric
line extends through |ayers 416, 418 and 420 while signal tine 460 extends
t hrough | dWer 42lByerpil. Disleericlaversdil g aed3 2 have similasetching charaaeristics.The expréssion
guadr upl e damascgne,fabrication S.iR ructures whi.ch emml oy, a cap | ayer .

i nt er posed bet \Aeesrqnlgaﬁg&ilwggﬁqr%c[teé'lsgm Q?h@ pr TpQRe fﬂ?‘g’[‘%&ﬁ%@%@g&"%&‘yﬁé etching
structures | |1 uspicpédds bthEleWaterhifuch ¥k #mdrials 4Fe cdabRd i
present inventi oEr)l ogti I?zi_ng ea .cgp I algfer are détgir%ltségel I ggﬁ%@gse_t&%%?bgwlar
and 6B. The st r uetchingras¢sammparticufar@chshemisty.Rielectzictayersi 3dyiand 3 18 areleiohistapdayers
deposited on a suybstrate, such as a sem conductor substrate 510. A fif[s

diel ectric |ayer H@i’tg,sf'ﬂ?g8‘5@%"%’%%%'?5' iﬁ? %9@?“5?&, P @ogsphlﬂlq{s G?Péqt%‘@f‘h@s
llayer 51 6)15a fougpb 3@'cﬁhBEBéﬂoﬁitéWny%@ﬁle%d%sfvﬂ{ié rd w1 &abivh o IIﬁ%@B{ oéidary
are subsequently deposited, simlar to the five dielectric layers enp oyea
in the structureskilhmmtheam. FIG 3A A first photoresist |ayer 522 having a
power line trench pattern 524 and a via pattern 526 is deposited on
dielectric layer S20, see FIG 5A. The cap, dielectric and photoresi st

| ayers depicted in Fl ; i j K
wel | 15 known to thosgrsct)?ﬁ%t?ge{gﬁg%ﬂ kl@??}\fﬁ @ﬁé@ﬁ@%ﬁ%ﬁ%ﬁﬁ%ﬁﬁgwh%gﬁ
t echni ques of t hbolp32és AstepictedmthlGn3Blarmch patern 824 arh elatpanern\3i26 larddnisstropidally
3D) the styucture rmed. This structure includes

ho in FIG. 5B is f
second photbr esi steﬁéégpoag%slﬁ@tee E’Mﬁ" 3ISZQy YO PaUpras aret SOFFPH@aIIBIPé?II?H?}HQ'ESh

Shotor esi st . St guajeaie (Eleh Sioby fay@r 318 higlsFoEUE B fisblRobidfin> HERAE the pattems

ani sot ropi cal et tinough diei¢cnrs Ipyer 8 &6, vehebd2 dialactrizGays8314 ivasn etsh stop forithis siching prep.

fromthe surface_of |ayer 520 and from power line_trench 525) as shown in
FIG 5C An ani s&hisgishingPreasdurg resulis ndforming a8 powss ling senchy3 28 and p viachole327 (FIG.
i mul t I ThY| ] A 3 i

525 thr ough 25 ar D) dg eith Rfaédihish Slted Bikio P Bleoriblakr I 4 A0BRELD

S36 and 5335 t hr obgleledtiad wieH febpect @ifirkt phoairgsist dayef 327, 8Vhéra Ywb nintériaisaré BpRédtd
mask for formng via hole S40 in this procedure. The novel techniques . ,
utilized in the popmaslRDeICHiG Prasess; thetehing BIRGARS is defmed, hergin @ppeing selective with

dielectric |ayer ?esII‘%I/ ggsoerg)\f&e%aﬁ%&%ﬁéﬁ%@&%ﬁeﬁaﬁg %&%ﬁﬁéé%%}taﬁui Bgﬁ% 3le than

t he correspondi ng escri I nconnecti on

Addi tionally) | apRroihdr matekial. Firkt photordsiftifeB92D{s shriifped a®ér trerth 320Q6d Wi How/327

simlar etching characteristics while layers 511 and 516 require dissimlar
et chi ng char act epiedpimess, as shgwn in/ Bl A8H 3

30
A second photoresist layer 330 is deposited on fifth dielectric layer 320, as illustrated
in FIG. 3D. This resist also fills power line trench 325. A first signal line trench pattern 332



17_ Via hole 540, power line trench 525 and signal line trenches 536 and
538 are 5 10 15 simultaneously filled with a conductive material, such as a
nmet al Excess conductive material is renmoved fromthe surface of Ia'éy-eMA'Sﬁm
usi ng conventional techniques such as CVP or gtch back, resulting in the
structure depicted in FIG SD This structure includes a novel triple
damascene structure conprising a pomer line 552 and a signal |ine 554
having a via plu 5 ona I|ne558vmthutaV|apIugc
be fabricated si %_ﬂsetvgﬂg%@p@owrﬁxg %rgﬁ"lé‘gd’é‘hﬁ%‘&"éﬂézét i§ fermeg; 18 layer 320
triple damascene B T, t
reference to FlI GR%%%H&}_ngﬁ%H%?%e%ﬂgﬁﬁdRﬁ?ﬁé 9&05{1_‘ @2?’6}2’? ﬁg%ﬂé%:{r]f glalse ot tﬂat
Power |ine (552) sigeaddine 1(ebd pattdrini3B2l résalts i rémmh@ aﬁﬁl&)st 33d rhatédid) \(/iﬁalO}nay be
Signal line (554) fourth ‘g51§3 and fifth (520) Via p Uﬁ (55 6(? cap, (
first (512), sec8FfdeniEv3hals W'wnem@fwe%mmpwa B iehaed thrpugh dtq'r@tm(etch
fabricated str ucgféggl§¥érl3l 4S] d'p% A&gﬂipstt bl E@hlﬁayeré%Zﬂnigroé%u'r&%hﬁggﬁhﬁt%ers312

et chi ng sequences hg” Séquenc

depositing a firahd etmhhmshnsbﬁaylar etchingh cﬁ&a&eﬁhiﬁsoml Siﬁressibnt hﬁssﬁmﬂixh etching
dielectric Gayer, developing a power |ine trench pattern and a via pattern
in the first nmskharagjenstics; pfhivommatsiialsyascdefined here ipdudes etehieg prapenies of these

pattern and the Vda?erig ts[x ﬁ'xa{g'ﬁ eékqﬁ ;n}ﬂ?ekrfaisfﬁalg’a hf| thn:hngt% tb%ri]{h% oqhgnj r% feli Ialcm a

| ayers, and renDV|ng |rs ayer s co seq

i ncl udi ng: deposispdcif@ e@ctﬁ@@ﬁntﬁtﬁyen‘ﬁé\pmsduré ﬂmfrateati@m@sm ambeéqiﬁ:% ksl )ay@fs 314
the fifth dielectric Iayer and inside the power line trench formed in the
first etchifg sequdrhavadissimiler eighiag shagaetpristiche pattern overlaying the via
pattern in the second etch | ayer, etching the via pattern through the

second dielectric layer, and subsequently etching the via pattern through
the dielectric first Isgyiepiciliin BIGI3F kigaMamMestenck batiéri®33Nghdsi Unak ahisaﬁ‘oplca]ly
trench pattern through the fifth dielectric | ayer, renoving the second sk
| ayer and sinul t&tﬁé@ﬁshmueh dHihndielebteicviayerp320,e farmity siggal linee treaghes agﬁeﬁ pnd 338

ot ching the o anarsPRED; SERAnale s Balf 3325 Prieded 5t trreplilt sEhing bs via
3 ~ MAI~ 2093 |§atté_ﬁﬂ€thﬂoﬂ§ﬁm'§t uﬁlécﬁrchssbémé GeReY fhining Via HORMADL %dmgtthrough

FIGS 4 A - 4F and can be utilized in another enbodi ment
the present i nverd!qlequlwdrﬁlrﬁ alhdﬂélanaah&lr\ﬁphdeati@mmmdsérm slgnetldme;read'n 336to

Subel atey such Subsaedtp Lheihingbratagite lvratsin FIO AErequitts Biat Geler o aygEy 312
612) a second (etaﬁélzﬁml sﬂmsJ amﬁ%&ak&x@r&n@swme d;&@; 1% L& S%%raaussmyﬁ%mmn

616, a fourth (etch stop) dielectr I ayer aflfth tric layer
620 are subs equemharycteimos withdregerd solayersi 3 2etnd#20g The etch shemistues wirsshchre ased to

etch a po l'ine ch .630 ha nder | g via hole 646, a

line tren\é\ﬁ6632 ephedh glﬁ C% Vol on édﬁ-g ff*ﬁ% %Lﬁﬁa’éﬁ“ﬁ W&h\FF%FP%E)I‘% second
b48, and an addi h}h %S,sﬂag%}ah line trench 644. The via holes and trenches
(FIG 6A) are si aneou f0I||ed with an electrically 15 20 conductive
mat eri al . Excess conductive material is then renmoved fromthe surface of
fifth dielectric layer 620) resulting in the inventive structure depicted

in FIG 6B. A novel q§a€msimh@tqyaﬁlﬁ§é‘grsest@mmcfrqm tayps330anddinm pawen lwttéqalch 325.

Thi s quadr upl e dm%@ggﬁs %Bé Y ndiCark 9% ltﬁ})e%gmrﬁlléa Re RRE. mthaﬁ}hglﬁctncally

underlying via plug con actlng substrate ’a S|gna I'I'ne

with an underlyi mgnwcav@inu@nﬁ%cnmt mefal mg) Hiloedslcahtudtive maferiapdBd it remated (FIG.
power |ine 658 and an addi ti onal gnal ne 660 _can be fabr| cat ed
si mul-t aneousl y wiXH ffome thesuatage oE ﬁ glectrie layer d20:508 example using sepyptnsional CMP

d t t

e oo Er . EhgioE Mool ) i Sl Ao SR e anove i
Layer Power |ine (dafidicereandiirétdmprisidp poiwérdiheB 32 anwsigdal 1138y vathdinidieflying via plug
(620) Power |ine via plug. (682)cap 611) and first (612)Signal |ine

(654) fourt h (618)358Kentastingisulystrate)3 18; Hheaxprassien Viripleflamaseens sucturs” asdefingd herein,

pr esent i moBnt § on i udeS s oy e o § Aghbline iR UndBIARE b Snic e formed
712 is deposited sifuifanédidf! sudh @hat SheClines ar@formielt G frehthed ITHeUinenfi0d mprelaamagcenc

techniques shown in the structures illustrated in FIGS. 3A - 3G employ the fabrication of




second dielectric layer 714 is deposited on layer 712) followed by the
deposition of a third 3 's MAC 2003 _19 dielectric layer 716 on |ayer
714. A first photoresist layer 718 is deposited on layer 716 This

phot oresi st has a power line trench pattern /¢f) and a via patter nd 7 MR 2008
Layers 712 and 716 have sinmilar etching characteristics while the etching
characteristics of | ayer 714 are dissimlar fromthose of |ayers 712 and
716. The di el ect and phot.oresi. st |ayers showmn in 5 F TA - - cap be
Gepost ted by anjiist SBEn BHRHE 4 Nahn B SRR ond e ieb inaasde sapdpivRerpy he
skill in the ar tsmnﬁﬁlu@ﬂﬂis%t\ﬁgplug 67 &reciriily P,BH‘{?erctllt ﬂi%s!i/érﬁf‘m tB%tsh 1t e M

via pattern 722 are anisotropically etched t hr oug ers /16 an 714. %hl S
et chi ng procedurdesigmuia”as defirfel derit, intlddes dekiga perameeters efinttbniheayi@tes anthba plogs
714 because these | ayers h%ve di ssimlar efchin har acteristics. The

et chi ng pr ocedurgher@a thetlineidgsign ils inpludes the kneapid ddightasaveli@s s mingnum;spaging
resist layer 71 r

deposi ted gn thgelgla\r/ {gcdg o? ﬂ]@@g?ﬂlﬁ% angxefc‘égtb eléﬁ'gg\g{r;d \Z'F%g&ﬁe&%ﬁl%ghﬁgn rule
Resi st | ayer 730ndhsdepalid wia pmg »fndth andfhieight. For gxathple,itae ddjaemltmencemteaylimtg hawisg

hol e 726 and an add| ti onal i g line trench 734. A subsequent
ani sotropi ¢ et chih¢samehpg aP@ “@&ﬁl’%ﬂf@‘&“‘t@ ‘B“é'i’l@n‘é(hefﬁsﬁé’otaﬁl@ﬁ%é‘gesﬁl%mg the

(FIG 7D and 738mb h{nSH%LttrPWnQ LrgchteHh ﬁ?ﬁﬁse 4B fe§g%l£?'ﬁl??ﬁje¥ dﬁ%\ rule

via pattern is anisotropicall ric

t hereby form ng pananiaoéfemyt&ew Gﬁweﬁxére mctﬁuxwoxﬂy bszbr flasks/ JéQtvaxtxag@bsli 1thel Sovel
an etch mask for etching via hole 740. Second photoresist 730 is stripped,
fromthe d0rf acdedmiquegpeedsonly asingle metal fill Esall thrquatseé@s and cequires onlyioae piapgrizing

cmbodt ment of t AeR KB ehuke bbbt ol Y SaRpaal S Bayk i Bephidtes

phot oresi st layers 718 and 730 respectively. Power I|ne trench 724, via
hol e 740 and signal line trenches 736 and 738 are sinultaneously filled
with a conductive natEhre diree émgn ade power line, signabline ansk vk piug ofttire vnugnthee triple

f I 716 t t
back 1o’ def i no. (B PRE BTG Eend GO R VeRDR AR hyeri S g AR TFrence o

damascene 1§tructfq(3e353 t her eby fabrl cated, including a power line 750 and a

signal line 752 having an underlying via plug 754 which contacts substrate
710. An additional signal line 756 can be fabricated sinultaneously with
the triple damascene structure, as shown in_FI.G, 7F. This triple damascene

structure 30 enploys three design rules as LG in Table E with reference
to FIG 7F. 31 MAR 2003 -20 Table E 5 Design Rule Dielectric Layer Power
line (750) second (71Z) and third (/16) Signal t1ne (752) thirtd (716) Via

pl ug (754) firstDésigriPRuland second ( 7DiEjectnic kayemary, fornmation of the

fabri categastructures illustrated in FIGS. 7A - 7F 10 15 includes two

et chi ng seétuenc - } i

depositing a fir t k | ayer) I,Q,Epﬁ thethlrd
dielectric | ayerl)%%ﬁg\}gllgég?ﬂg a povver Rg@rgo 32?)?@9?}5&{1 ﬁlOa) via pattern
in the first mas§ighalYiae (354)nul taneouﬁhly(HOth ng the power line trench
pattern and the via pattern t hr ough rd and _second dielectric Ia§

and renovi ng t heYRiRl4g 3862h nask | ay ¥St (3A2§é66?ﬂﬂi Gt éhitheg Sdepanddaurth (3138)

i ncl udi ng: depositing a second etch mask whil e sinultaneously etching the
signal line trench pattern through the third dielectric |ayer. The

i nventive 35echni ques 0 sunfiflary! Gsrmatioe 6D ¢hidi fabridated strddtided illustrited i FIGS.i A Y 3G
of 20 25 30 dielectric stacks, providing that the etch selectivity and

et chi ng char act efflydestavastching sqaueraes a3 PligwatA fifg etchingsequencasagprising: depositing

described in con I

stack materials E& étgggl\%‘z @?’er ec ra gégb oéglleé?s%ﬁ fﬁﬁ’uogéelec?)% %gés? (geﬁlgl g%tp%'gr
PECVD Si 2 and Fhrﬁlt%chpmérﬁ aﬁdlairﬂlphﬂerdluetlheﬁfsthfasmya{ simuBareotsly étching thepdwer
third dielectric layers 712 and 716 include naterials havin

| :
di el ectric const ineitrensh petters apdtheyiapattemghraugh tha @%MM&“'SI@?&%M%W* and

non- 11 uor 1itat ed. oI yf Biels CRrHUREE A bbhoR8 iRl Seich iudind iR oLk
0, which are avagtkilask fal X&msrﬁl:H dsQbhdtcest, &mmam)dnelmwbwrmhemwemdw\&r line

(conmmercially known as PAE , avai | abl e from Schunmacher Conpany), d| Vi nyg
si | oxane benzocyueathfoaned indbsintechivg ssquwemdeml@a&e@§lsa4ldma@fﬂb€r@ew ayHglae
dielectric materials are well known to those of ordinary skill in the art.

The oxi des and the polyners have dissimlar etching characteristics because
etch chem stries used for polynmer etching, such as 2-based etch
chem stries, are highly selective with respect to Si2. On the other hand)



31 M-al~ 2003 CHF~-based chem stry typically used for etching SiQ, is
hi ghly selective wth respect to pol yner Another exanple of a suitable
dielectric stack for the structures shown in FIGS 7A 5 7F includes second
dielectric layer 714 dielectric materials conpgising nitride) suchi MRe0D .
silicon nitride, while dielectric materials for first and third dielectric
layers 712 and 716 include oxides, such as PECVD Si O and F-SiGz. O her

AR R T g
dielectric |ayer Oz@ﬂzanﬂnﬁlbz&ﬁjeﬁmﬂ'chﬁgrlﬂewpQﬁer’ﬂQ‘h%u@K'tﬁ@%rﬁ%ﬁae&ﬁc z‘é@y [ hile

10 Si2 and F-Si In still anot’her enbodi nent of the present iInventi
quadr upl e damascemulgneaustystelingthe sigablrlirearandh pstiérh khreoghathe difthrdiéiecetic l@ér -The

8D Substrate 810 8 an i.rst, .second and th dielegtric |
812, "814 and 816° ‘&P‘éugﬁsﬁ@‘ﬁ? '“tqrd%hf,l& cé&ﬁgﬁé’ﬁ‘g‘ﬁHﬁ‘?&‘qSI tagequs F ”é!f‘“%? Apignal line
Power |ine grenches wiih igRshnidd dvithd Mh 1%2Lﬁ1e§3§e%ﬁdsftﬂ{ ﬁ’ﬁgndﬁei&gxecéaytegszo.

structure shown in FIG 8A u5|ngte simlar toth escri
formpower line trench 724 and via hole 726 depicted in FIG 7B. A

phot oresi st | ayer 820 _(see FIG 8A).is deposited on | ayer 816 and power
line trenches 822 and 1@%84nVeRtiye tech atqtle% ﬂFg‘QS’rFSS“H%'U@dHé@H aF?\SLP@?lesfP’ agriety of

i nsi de power i n‘ﬂléiécgﬁkc@taglgsz r@%ﬁﬂ% t@la?'ﬁgéﬂ'acfmue g%\;x{ye%h ﬁlﬁ%ecrhg a@éﬂsﬁc% of the

devel oped in resist 820 20 o erlay ng via ho onal
|l i ne trench patt eraterBifZnees thercatenid ehichrare descabedda Gomrrectidn with BIGS. 8at -riﬁ: H:a;uptes

oot f ool okt bR AR ek et b e hoBhd B Birtia s 3% ana 318
dielectric |ayer; ,gd@ e (ks \hioh M@cfxyrgggxazéa%gﬁan%@cﬁc p{av%ofrugﬁ&sn&hgkﬁ;;nd%

| ayer 812 Resi st i s subsequent rppe resu

shown in FIG 8CSbj Nhllersoitalﬂbsncleamrmdttm foﬁﬂmﬁrs@ﬂﬂrdvunﬁffomldefeleﬂd&gayerm12
hol e 838, power line trench 824, 8nal fine trench 834 with underlying via

hol e 826, and si ghaland 338 mqhmcmats@ s haying adow diebzgicarastamgkysuetnas p@iymers for

substrate 810. T nd v are | t aneous fi

a conductive nat gﬁrﬁ l% a@& ogg 30'}{]&{3% 'qﬁ'?i)é%egr@% ﬁ%mm@&k%&?ce‘%‘}‘%?“? §u°has
removed frpsnthe fﬁUﬂﬁa’té@arﬁlfnolnﬂlb@ﬁnﬁécﬁpolﬁibﬂ%eié!ﬁer@(b@ﬂﬂe?cxﬂ RRYEWh RFIAREVIO and
or conventional etch back techni que ereby fabri Catl&% the inventive

structure depict &P M‘h“Fh e agmlablg é\ﬂllQ?u%tﬂle Slompdanepdnaeylene) eibers(eommercially
f d f | |
pover | ne 840 PEIPHE &% Sater ) nd Alallep TR SSRUHRIE L ietR {6 Hlprape

an underlying vi %eﬁ&déchBﬂtﬁar?é‘(]ﬂﬂSiBUB)Qﬁ|suﬂl%\“’9fodhbt@‘in@Mo-%@FiTﬂ@se&ﬁ@é&h@ﬂﬁienals
signal line 850 can be fabricated sinultaneously with € quadrupl e

damascene st r uct @rewelrkrowmigrthase of qdmnm skill if the arth Wtambdmupg e lavadiglsctangonstant

t t h Tabl.e .F tp FI G 8D Ta bI
Bi ol cct i c2hayer SPagEed Fiten BBl BaleirInanGE ¢ GIpH TR RIER) <&SgRaF SKAFLand he
(846) Signal fingoWinferPhai@ dikislar Sﬁﬁﬁgghiﬁéﬁﬁstﬁg%eﬁﬁké &tk &i’e@xstf‘nN $skd fét pdlymer
third (816) first (812) and second (814 9A - 9F illustrate an

addi ti onal enbodietading, sichtals@zmae@eeﬁch ¢h¢mn¢sdnrevur§ﬂ3eselecm with respect to SiO,. On the
other hand, CHF,-based chemistry typically used for etching SiO, is highly selective with

respect to polymer.

25
Another example of a suitable dielectric stack for the structures shown in FIGS. 3A -
3G includes second and fourth layer dielectric materials comprising nitride, such as CVD
(chemical vapor deposition) silicon nitride, while the first, third and fifth layer dielectric
materials include oxides, such as PECVD 8iO, and F-SiO,.
30

In another embodiment of the present invention, the novel damascene process is

utilized to form structures, such as an IC structures, as illustrated in FIGS. 4A - 4F . FIG.



timed etches are used to fabricate triple damascene structures. FI G 9A
depicts a structure, such as an IC structure, having a first dielectric

| ayer 912 deposited on a substrate, such as a sem conductor substrate 910.
A second dielectric layer 914 is deposited onjjayer 912. This is foll owed
by the deposition of a third dielectric layer 916. The present enbptiMkRA803
enpl oys dielectric layers having simlar etching characteristics.

Al ternatively, digl i,G 12. 914 e the.sanme. )
di el ectric mater |4§I S%@ wrS aedééé%m# i?‘% gqr?ﬂfggg%gﬁﬁeéeCIW Q’V?réts ttﬁﬁlé%ﬁj’g'taecﬁr%fysé?“
918 is deposit eddepictddi OFIGISLIRCLIIE iy Hiel@ife 1a5ae 492 b Qﬁb&éx&da&ﬁ substrate 410.
phot oresi st | ayers depicted in FIG 9A can be deposited by any of the

met hods whi ch ar Subssqhekivoswecond dialestsicddyen# 4, raanhyd slieléctric layeel tamtfourts dielectric

illustrated in FIG we i.ne trench 20 an

devel oped in fir&°t gi? §Fé) a@@}d'ﬁ'f%'” iaﬁeirr?gg ah %%‘15}‘6% % fals nﬁhqtgresm Tayer 322 s
subsequent |y usedepdkifed oM TRV edttid Riybr £10C Didledrié ks 44B)andmdo4ce §1n%ﬂa4 eifEHFl‘xg
916 and to sinmultaneously etch the via pattern through layers 914 and 916

form ng via hol ecBazactefistics tDiplactriolaysisst143n8 4i18 ateetoh stbplcbplectnariayees hzamguﬂmxlar
phot oresi st 930 C) is depgsited on | r 916 and i

trench 924. Si gné?clh n‘g‘ %aF@HEtFFS 26 Ql’e?f‘sc"% a%ﬁ't?‘@ﬁﬁ“iﬂ?"? QFE‘E d;ip Flég'cﬂﬁdca“ be
phot oresi st | aye

wherein pattern 3%%“3‘3%}’ s&eﬁgmﬁ%l% ‘é’&%hknot %@Flﬂﬁﬁg ggnéltét{o g{r)lgﬁklelﬁmhe an.

utilized, as illustrated in FIG 9D, to etch signal |ine trenches 936 and

938 through layer 914, arid to simultaneously etch via hole 926 through
layer 912, 19orming vi & “ﬁbl"é’t‘y&EStS‘&?offdeﬁét)éfr Bajfeshedofon 3 @f%PpWSbBGF trench 424, a

tronch 694, si gndfodrt pever WRSRrER A% b i hal RN PR D B08R 424 R 4ps.
line trench 938 Zhévidipaudthkes &8 enikdtaspidat etdﬁédtﬁfcﬁt@hﬁfth"_fb@'tﬂﬁnﬂrtﬁrd dlelectnclayers
simultaneously filled with an el ectrically conductive nmaterial, such as a

metal . Excess codalcti8andfdédn & similasmarneneedestribag in henrmubmwhcﬁle aBe Firgtirgsist
usi ng any of the S.which a own to those. N th

thus formng the lqyﬁ(/g%’is\}}fnéinrpﬂé u;s\é\lﬁmg&ﬁleégucéwels é‘ﬁBWﬁﬁ\dﬁs pgwer
FIG 9F A povel fiht RbfchdedTRHREUS2 Shd Viathble34SANY :lh@(r&%dﬂ?ﬁ@ﬂd&'&e%énd photoresist
informed by a power |ine 950 and a signal |ine 9S2 having an underlying via

pl ug 9S4. The st H&&nud@oslmdm dieleqEtiGlager 43Gandde piovtes live tenghal 480 ned 338. Second

This tripl e dammBiaiEot B TanasObR eRUNIet i e holeeghS Fond Shaerea g i pattered
through various ghel ﬁ&hélb a4d iR pewer IRk utehfh £ mtrwsgnaﬁmé ey %ﬁteﬁa@i@ s GeVildged

reference to FIG 9F. Table G Design Ru D el ectric Layer 20 Power |ne
(9S0) Signal |inén ph@nmlalst(%zgweviaungIvug)a(tGSW)ZSZbﬁ lsﬁbrséﬁohdvm Qénytednﬂattsignaﬂme

916) thirg (916) first d (914 tive tech
{he.pr esent crbodioREhBRIRAR I TRMORE Ty A yﬁfcﬁgm'yébeemf?sceat” s Bl 434.
of dielectric st aﬂk?aﬂ%@%éﬂhrﬂﬂ 40h£|% tlta ean?s‘o‘ﬁjo IE);: gtchl 4 ect YRofid HLe\éEEnc (etch

timed etching characteristics ICc stac

material s for fi rsedp) layecdlddstapping bn ﬁd;t dickebeictiayec 41 23 \se¢ EIG.MC. ’IQﬂsﬁlpramﬂu%h&qulres
i ncl ude oxi des such as PECVD Si g% and.F-Si 02, O her examples for, a ﬁui tabl e
dielectric stack thatdavetsd IAandaliddnye dissimilag etching ghampeteristics iltalsoeguisenthatdayers 414
as polynmers, for ?E%fs'r

spi non dielectri Cﬁgg?@h&eﬁ&%ﬁ@ﬁ?g@:hﬁmkﬁgéﬂaﬁtg{ng%s,an88%%rl]g?f8%9I na ethélkt%h mask for
poly(aryl eag) et leesting viopareentcd28 fhyodghdayer 454 FLARE 1.0 and 2.0, which are

avai lable fromAllied Signal 3 ~ M-~ 2003 -24 Conpany), poly(arylene)
ethers (comrercially known as PAE 2-3, available from Schumacher Conpany))

di vinyl siloxane b enzo&sylﬁus?llﬁ %? d Q\ISS %)lﬁngﬁreﬁw*%ts Qﬁ@gh‘&%ﬁ nggnisotropically

aero-gel These diel ectric na erl a ¢ aré hose o

skill in the art etdhedi through fifitddiefectrizd iaybrai20,hformingh sighainfirss tiechek 0442 Iaed 444
timed etching of the dielectric stack 5 need to be selective to first _and
second phot or esi sfF%Pthl‘@')all\éY@ﬁ(bs is 3n etal stoprlayeriiorostehing sighaline trepehes 4A2 and 444.

nventi on adr
ot ect 1o Bt ack STHABIBRET D e sl Eonl A FER Rl b 48, forming via e
connection W th H46JFIQAD) Sdertin potef littrevicht430 fiidads Hpleedddaimizeiging s:gnal line

ri
structures of the 10 present engo dinent is illustrated in FIGS. 1 OA - 1
OD. FIG | OA shdvench 4§gr Thesgvia halescextenrd to substrate 410. The etching characteristics of the



an | C structure, having a substrate 1010, such as a sem conduct or
substrate, upon which a first dielectric |layer 1012 is deposited._ P I 0
line trenches 1022 and 1024 and via hole 1026 are formed in the sﬂW&?é
shown in FIG 10A using timed anisotropic etchisng techniques simlar to

t hose described to formpower line trench 924 and via hole 926 depicted in
FIG | S 9B. A photoresist |layer 1020 (FIG | OA) is deposited on

dielectric |ayer 16.and inside po ine trenche 022 and 1024. A via
pattern 1028 | o dneaBers fusEaed G DR IBINIE s rrirhen it efesbdndng
signal line tren kB3 desi v [ | Sk e j
hol e 1026. It w ﬁ:syegﬂ(gf&ﬁégrst oogle?rc]{aétﬁwg?\)tgl%%pqngﬁ{cg%'%aaﬂf?ﬁ'ﬂ%gggg}sgggﬁ f:t{és'%hes
in stripping resisa¢wlde? thaniriadivlesmyddrpmg sieahlirdepathésiskcamewiapingd endefipiég pdwer

additional signal_ 20 line trench pattern 1032 is devel oped in resist |020
on dielectric | ayBes HQYEBS’CASCVH@me&’QH"WH gaungeriying signablinedranchgs §FAuge the power

et chi ng progedure; .S . i pul . i i ne trenches
1034 and 1036, an e RS E FaphiBaued R cbAME AR XelRh (e, RigliBete "2 LT B b end
to substrate 1010. Resist | 020 is then stripped) resulting in the 25
structure shown in FIG 10C which includes power line trench 1022 with

under | yi ng vi a hol e 10%4@torpastds3 isistipped feom frysns) angifipmpoyeriae treashen 4 3Qmud 432,
e el v ! . ; ' | .
LN e e e

and via holes are taneousty _ ive natéeria _
a metal . Excess cliadienchesesazedmdr 44 are ThéresivRandoudiy filled widh ba Gfecticallfkoitiuctive
dielectric |layer 1016, using for exanple conventional CMP or conventi onal

30 etch badR t echnatgiidls suchas aimetal. Excess conductive matggelds refoeied ffns theasurfaeepffifth

structure is for Si fQur desi rul e includin ol.ine 1040
naving an under | yEREEtOr 4985 ag (seBF36 Mk uing fus dxpplt oRskofiaRg K of Bntibhal tch
underlying via plydk iOd&ine the ItekcbhrtoflineB OTRY inbérie kiéture shownh FIG740% a novel
25 and signal line 1050 can be fabricated sinultaneously with the

quadr upl e danasceqadsiptadamascendsteicturerTheesprgssiontiqeadruple datmasagoastructure” as defined

damascene structure.of th resent enbodi t are,shown in, Table. Hwt .
reference to FIG -4Ne ngﬂ”i Ineag @ﬂg‘gﬁﬂﬁe ﬁcglhé\‘,‘f'g %“{@WSM‘HSWF?{&‘“@W

1040) Powerysl i ne wd i i i i L f
(1048 eotiana( TeReft 18 plugd Bkorite 8 SimaRequsty M TELENHes bicTBrteFinticithes
16) first ( 1012)Thkesel qezdropld damhéckas sthinturesusd fompn aldsigp inales) amshsdiggn e power line 450
structures illustrated in F|GS. 4F, 6 8D and 10D | S show two .via pl.u

whi ch contact t heﬁ%w@wvbl%‘ﬂg tpi%&&z anda wqaﬁ%‘lw&ér@ta&wdfrha\legp Yin Bitg 456
via plugs of each r Joit. g gﬁﬂgﬁ ;
substrate or di ff%@ésn‘% e gr‘r‘é?ﬁés{ﬁo @E%f@gshu stnﬁ%tcéex.t&{ggt 1t ong%r?dgﬁng%él?&le‘ﬁ%ﬂs of
(not shown) of t hthepoed siricturey enstioom in Tabladewith peferencaitp BIRAF.

20
Table B

Design Rule Dielectric Layer
25 Power line (450) third (416), fourth (418) and fifth (420)

Power line via plug (452) first (412) and second (414)

Signal line (454) fifth (420)

Signal line via plug (456) first (412), second (414), third (416) and fourth (418)
30 The structures shown in FIGS. 4A - 4F also illustrate the simultaneous fabrication

of a power line 458 without a via plug and a signal line 460 without a via plug, wherein the



25 liner inside the via holes and trenches of the IC structures shown in
FIGS. 3E, 4E, SC, 6A, 7E, 8C, 9E and 10C. The lined via holes and t’}{}?%ﬂ@%
are then simultaneously filled with a conductive naterial to formthe
triple and quadrupl e damascene structures of _jhe present invention.
Suitable liner materials include adhesion pronoters and diffusion barrier
materials. For exanple suitable liner materials for Cu or Cu all oy

cont ai ni ng damascene,structures of .t he t ] ntion inclu CVvD

(cheni cal vapor Besbie F%{ﬁ?&lsol?“%\?% li%ﬁ@‘i{ié@@%‘%@%ﬁghﬂ%glsﬁglﬂi Q%? RiteRgig thrpygh
and TaN. Exanpl ggeplipguitable liner materials for Al, Al alloy) W or W

al |l oy containi ng danascene structures include PVD Ti/Ti N Suitable

sem conductor naterials for use in sem conductor substrates of the present

30 invention include silicon, germniu si | {con/ gernmgni um al | oys, | ium
arseni de and i ndi unt g=ianoYekie P #ER Hé‘é‘{ﬁt?’etfg‘f "%?&ﬂr%él“liwp{erd?%wﬁﬂge?ﬂbmmo“
quadr upl e damas S J ty 0.

Toral 1T zed 1 e Brugairts Weebiol 1o odif BB nuck RS ek byt ang, the first
-26 conductive ndi¢lentiialayef offthé sirhétoes flhsiratedds EEGS. IA eBGhnd 4AnHUF/ Embbdiments of

of the present invention include nmetals such as Cu) Ag. A, W their aIIO){_s
and mi xtures of thpasentdpvgnyionutiizipg a 2P yer arg depigied W F1GS t He - SR 6Hiand §Bs The

nd mxtures " . oM FI@S,
Fi nes and mot ol HArRee SRAALRFICT BR ity o Gler APl Bladtb bR guch

when conductive j¥alsemicongu@bhSubstris 10EA &bst difetricSybr ST 4 s¥ebd GiglaetHE lay¥es14,
materials include nmetallic and nonnetal |ic superconductors material s

|.e.
havi ng zerl® di r exthird diglegtric Jayer 816 pcfourth dislectns layer SARiand 8 fifdy dielacttie layerg520 are

VU ir T umd bar i or/ BBpgER b RaaTe Ao B R RE BB R I B A e shown

filling damasceng FIG?BAhﬂSﬁr@q_ﬁhdtbésﬁpia?é 3N Havidg aPdwer RO treReEFdieAPs A 4% via
and el ectrol ess plating. 10 ese technhiques arée well known to those of

ordi nary skill ipsttetne526tis deépasited\omndielectricdayeni5@0e seenhl@hS Ar Eheleap; rdidleatric and
connection with EIGS. .3A - 10D, utjli ot qr esi st sks. wever, it wll
e uder ot ood + hetotTRgSkisEs Repisied 8 ELG, S Bon RosepaieRbLADpf bR BetHRsRuic are wel
combi nati ofys of 96 8158 b SRSty SRNIAL She EAHGYIR fhe tiiiqhos AR EleRlint &b
the mask materia %tgssﬁsg\g’vfetc r%?lgmf or the e‘?}gﬂ% nge prolgeduretgé/ﬂursg inn "
et chi ng t he di el dsstritied il cynpectionf witinEIGS) 38nt3D), ehesttrugnire slesvn Gy 3B isdorsned. This
et ching techni ques and, etching chemstries _enployed in th nmbodi nents of
the present inveHUCBHE MG d&ﬂé_s?"é’é‘_ﬁrré}‘ﬁ@é%s‘séﬁ%pn&%ﬂf%%qwrﬁﬁgGPA)‘QPQW\%IFWG trench
known to those 0§259'Sf§tn9ﬁf tiehlch k)aﬂt 9 Al 534 é‘e%?velbﬁed‘%ltk}f da€orid s{o?és?s?.cgi%nal
that it is necessary to0 clean of prepare the surface of the strudcture prior
to the 20 deposi lirearenclies88¢§ ahd§38 aremhenrfybrivated by amisdtrépital exching asing paternsisS2agd
surface preparation nmethods and naterials which are well known to those of
ordinary skill i M4 he art. It will also be understood that nethods for
removi ng resi st include conventional dry and wet nethods. The novel triple
and quadrupl e danmascene fabrication techni ques of the present 25 invention
requi re a sequence of RpsiAG80 s sidppet €vmn theaaifaderod tayess 2amit fegin pawerdine trench 525,
performed at a fabrjcation station. Al or sone of the fabrication stati gtgs
and their respecds seown de G, i s ABPENISOLFOPifC efGhinggPrcedirp s fuhiequently utiized to
apparat us i ncl udj; rolil. h! I I in&Rek |

1100 i s adapted %lglrglt%(’)e(réﬁ %]gl c}.ﬂhgﬁaa&c%lg%grth@tgp %%f?“é’gﬁgn%& ag ?'an v%‘icgczﬁqgrroggh
utilized ipsthe Hielett (@ch Qbpfaérisaatagd signallinwrefthes $86 bndiS3 8 theougkidielectric (etch

structures described in 30 connection with FIGS. 3 A - 3G As.llustrated
in FIG 11, a nottep) layerf18cLayar3d6 4s/the eteh mash fardprming viadwle 349 in thisprogrdurg. dbe

i ncl udes control Ler,1100. and  a.. al, t .fabFi i t @t :

1122) 1124, 1106707el E‘%‘g‘,’“qi'fﬁé‘%é{ﬁ‘lt?uhb{i %Rﬁé‘u"{"u gﬂgﬁ%ﬁ%ﬁﬁ@gtsgén{vﬁ?ﬁol: Iﬁaisgoe'gp‘i’y
Ma~t 7003 _2~_ @RREfHc Mfers wttich Aave eldhingl éih%actériktibs sithilar @7thobe d2fhe cbrréspbnding
and | 133 which provi de connecti ons between controller 1100 and fabrication

stations 1120, 1layers desaribed incamgction with FIGS.13%%- 3G Addigronally; fayprs 3 1., 14yandpd 8

novel appagatus i es, a gata ruct Uk e . aS il [
causes con??ol I elppﬂ(gg f’% 'csgﬁf‘ﬁﬁsiot ﬁ%ep'r ac‘:%?gg.?‘h’%% é%és? at Egggﬁé gﬂ&?h@é%agw
fabrication stat irQufre ANGiniRr efingUhatacteristidgul at e the sequence in which
fabrication stations are used in order to formthe novel structures.

Exanpl es of suitable controllers include conventional conputers and
conput er systens including one or nore conputers which are operably
connected to other conputers 10 or to a network of conputers or data
processi ng devices. Suitable conputers include conputers commonly known as
personal conputers. The data structure which is used by controller 1100 can
be stored on a renovable el ectronic data storage nedium 1140 (FIG 11 ),

.




Station Processing Step 30 1120 depositing a first dielectric |ayer on a
substrate 1 122 depositing a second dielectric |layer on the first

dielectric |ayer 31 MAR 2003 2s_ | 124 depositing a third diqucMNimm

| ayer on the second dielectric |ayer 1126 depqz&}ing a fourth dielectric

| ayer on the third dielectric |layer 1 128 depositing a fifth dielectric

| ayer on the fourth dielectric layer 1130 simnultaneously anisotropically
etching a power line t en%g pattern apd a via 5 pattern through the fiftbg
fourth and third diel e¥tr hle|40epawen ie HaRALAZHANE s1gng! necenehesad 3G grdis38 are

line trench pattes r £l el tig | r nisotrapi.cally .
etching the via SSEA '.tjlgr}’r?ggﬂgg&%ﬁmﬁk}]%aé%gg%tﬁ'ﬁg&ﬁa"%i Sruge{gscﬁ @?@c? ﬁe%s %Oé’?;g?nsve ﬂﬁ‘yenal
Addi tional fabri Gatdnves frahi tﬁ@@rﬁa@@oh@yeaszi@dlstng coRvEfiand %hm@esgm@cm@a etch
for exanple one or nore planarizing stations. The se%u‘ence of processing
steps shown in Tdisck. resyling in ths stragthrecdepictesyigthdfm $P1his issuesyesrincledes a novel triple

invention ig equally operable in systens wherein cagntroller, ch.as .
controller ?100, aAcaan}luaé%egnets 'Ec%’é%ﬁ%ﬂ%rés"lgoa REVE lfne?rse%, ar@&sn%g?gﬁ;ﬁ Sessztévvmg a via plug
repeating a previssssian RERAACS M HRSSS ivithoREERial flud Eitbel fRttithied simiaGédiBly with
that this processing 15 step should be partly or conpletely repeated.

Al ternatively, tHbeprpeaamasenpastroetuiehTbis tiipleactamaseenk studiyreaisenthreeoddsign rules as
such as controller 1100 i ncl ude pro i steps such as surface
preparation whi ch%Y ‘Bgaﬁgﬁ B’I‘tﬁéggrfel}%‘(?\s&ﬁﬁss ny of the fabrication

stations shown in FIG 11 and Table I. It is also contenplated that one or
nore fabrication stations can be positioned at a |location which is renote
fromthe otlBer fabrication stations in whichTeblked€ an 20 addi ti onal

controller or a network of controllers can be enployed to control the
renmotely | ocat ed wertfaet-u--Rg—stattor—As—-ustat-ed—4n—F-G—11;

controller 1100 i d to be . f the manufacturing
stations through I§o‘f)e aﬂl@e Iinks@@ggﬁ&tgﬁﬁ'gﬂg@g@%ﬁﬁs provi des a

bi directional 25 connection enabling controller 1100 to transfer commands
fromits data str}g(:}:]ture, such as specific operating paramneter

d t
recei ve informati oRverdingr32d) t essecand ©)!4).thisd (hid)sfaprh £H8) and éﬁ%&g@h C)The

operative lytnks c - e fo f r j nnections or wreless
connect i onsl.5 30 Fﬁgngilszse%{jcts g%%t%g{rgégg?@{hﬁg%@ of the present

invention. A noveViagppa(386)s i nckaplisng), firse €mid)yeecondi{na) kithit@(N6)s adapt ed
for controlling fabrication stations which are utilized in the formation of
fabricated structures) such as I C structures described in 3 ~ M-;~ 2003
-29 connection with FI =S I j i : JEA
1226) 1228, 1230, 1232@%%%21F&gﬁgﬁ%gﬁ%ﬂgﬁ@gﬁ{a@édﬁ%} or%%gl?“s@g%“{ ﬁf%%g fi-sb
operative |inks liadludes badP@ching sedbnced 22(6llowa 2R first 2&hinglsé@idnawdniprising: depositing
respectively The ngQvel apparatus includes a data structure which causes the
control | er 2%0 cont Hest etchanagk lyers 8ich gs aplgiaresist, oa &he fHfth dielectsic inygs, Jeyglopigg a power

stations A novel ¢ ' ; 0, u t ULl . I

T Tustrated i i O HRA bR i Bhert hiins oo FRL 556 L RSbllR QLA HdpSRer
t he above manuf aclingtrét@ghphrérn@nd thanik gahemapugh thediffh foksth addwhird dlefectric layers, and
structure can be provided gn a renovable el ectronic storage nmedi um 1240.

The control | er, taayngthefissteiehmesk lavge Aossepnd stoking sequencaigluding: depasiting# second
st orage nedi um ar Lm ki bed, . | opnect i | . I .
11. Exanpl es of _sgtfﬁgrl?ls ﬂég&g%g'i'%hgg isagjr}l’gfs%'?é;sf;‘lt’o&;lnsth %rﬁ %r(riééqr]fﬂc_?rgéclg anerr %%ﬂ?}%/’gfﬂe%rﬁ%ffwne
i ncl ude thepsst ati greschstaemed innthd @bt @tching Fadlencd, dkbelSping b QigndtNiae pasdrn ovérlaging the
1220 depositing a cap |layer on a substrate 1222 depositing a first i .
dielectric layer W patterciaphe second etzhayaw moching e wa paerndhrangh detspeand) digleqtric
82 E Eg fsle(r:g';] ddldieleFag%;l{; Irai%glﬁ% %P%Qtlylgt%ﬁng ?l‘\)eo%{at {)aﬂgerr? tl%rrclalué tﬁjeI gilef‘aé(c:ttnjrcI ﬁ:rsé %S‘V while

simultaneously etching the signal line trench pattern through the fifth dielectric layer,

removing the second mask layer and simuitaneously etching the via pattern through the cap
30 layer, etching the power line patter through the second dielectric layer and etching the signal

line trench pattern through the fourth dielectric layer.



1228 depositing a fourth dielectric layer on the third dielectric |ayer
1230 depositing a fifth dielectric layer on the fourth dlelectr|c3ﬁaﬁﬁﬂm3
1232 simul taneously anisotropically etching a power line trench pattern and
a via pattern through the fifth, fourth and thgrd dielectric layers 25 1234
anisotropically etching a signal line trench pattern through the fifth and
fourth dielectric |ayers, anisotropically etching the power line trench

hrough th d di d N h
Ui pattern tbrough ¢ RECANEBHT Grinades 4 Fhee B EoPet ?%%Bﬁ%dxﬁﬁ flsheto
cap layer. 30 F G, ﬂé?ﬁ'ﬁc’?‘w‘h‘i SndiRa R di RO gﬁms%gt %%n% d'a?%@atdugample

A novel apparatus 1 nc Ing Inventive contro 1S a

control ling fabridemiicene shatirers sdwici FAGS. 6A and 6B\ ¢ap liﬁeéﬂo(m. i6aV) ideposited
fabricated structures, such as |IC structures described in i MA~t 2003
30 connection wonp SEPsERte. Buch asasemsgndystar sghsma%ﬂ%mréhdlskegﬂpmgr9!323@ second

27, 1529 525 QB SR AL) ABAAE A NS 4

apparat us i ncl udegene tRard Stﬁlﬁhqjidﬂémmgﬁfbmadié g6bsequently depdsitel €AnisOtre§i0 tetching
the processing steps at each of the fabrication stations. A novel 5

manuf act uri ng syPrasgsses 3neoused o geeh manlmngemfe@ﬁ haying ar ynderiying viathele 646, a

FIGS. 7A - 7F and 9A - ncdyde the data structur

above manuf acturlpﬂ‘aer ingir rg'?%’ 613 'ﬁgﬁg ‘ﬁ\/%“]%g?% "'I‘H’gaﬂﬁlpﬁ V& cﬂl&b‘ﬂ;? drltan
can be provided qad,aoﬁglg@ﬁalmn@t@h@pumm C stor age medi um 1340. The
controller, the data structure, the operative |inks and the renovabl e

st orage med@um are sini lar to those described in connection with FI G 11

Exanpl es of 10 suitable fabricati.on stat s for man fact i em 131.0

i nclmtjde the stations gﬁEW‘P hojesrang;t E“Wesfgﬁé& A& SIUEANCIHSIP rﬁggﬁé‘é gipically
1320 depositing %o{ldlfcﬁtve tHafd bgssl &Ic lggnﬁte?ﬁfjéttﬂeﬂt %@%ﬁ&?ffﬁﬁl&(ﬂé 'Stt.ulfg& ¢t fifth

second dielectric layer on t |rst ectrlc ayer depositing a
third diel ectric dietecerc tayet 520 ,Sresudting d1 &ieaﬂtzemtnve Iseryerure2Begited in FIG. 6B. A novel

si nmul t aneously ani sptropjcally etchin r line trench pattern and a

via pattern thr Oaﬂﬂg}lﬁ]@ #mamr‘aﬁ&l@g&gﬁ@e@%ﬁ&m te¢. This/quadruple damascene structure
St ancoysLy SRcs iehak ke SRl IR HOF ol ERRRRRLIERRL DO
| ayer 25 The i nvetghalolmerw izk an dedertyingeda iplug €36T8ormicting substRfte618dAn additional

enbodi nent. One skilled in the art will recognize that It would be possi Dbl e
to construct the POWSHENG §53)§“‘dt %‘édﬁﬁ%élrﬂg“ﬁHV'érﬁéthn be &bﬂ&aW@ﬁmhmeﬁusb’e%‘ét e
and to m)dlfyth eﬂz,s

enbodi nents of th g?&lrﬁ |on have en ' aaé art &gﬁe 5§ ov‘\lﬁgle;'gtf les

acconpanyi ng dra\asﬁgﬁvn lntTaMd]Dvdii&l refsreieatormtstari ous further

nodi fications are 30 possible w thout departing fromthe scope of the
invention 89 set forth in the follow ng clains. ~ 1 MAR c003 31 CLAIMS |
claim 1. A nethod of formng a structure O, sblbstrate t he net hod
conpri si ng:

Design Rule Cap Layer or Dielectric Layer

25 Power line (650) second (614), third (616), fourth (618) and fifth (620)
Power line via plug (652) cap (611) and first (612)
Signal line (654) fourth (618) and fifth (620)

Signal line via plug (656) cap (611), first (612), second (614) and third (616)

30 Another embodiment of the present invention is illustrated in FIGS. 7A - 7F. A first
dielectric layer 712 is deposited on a substrate, such as a semiconductor substrate 710. A

second dielectric layer 714 is deposited on layer 712, followed by the deposition of a third



a) depositing a first dielectric |ayer on the substrate; b) depositing a
second dielectric layer on the first dielectric |ayer, wherein the f;r F{NM
and second dielectric layers have dissimlar etching characteristi ck @)
depositing a third dielectric layer on the segend dielectric |ayer;
depositing a fourth dielectric layer on the third dielectric |ayer, V\,herel n
the first and fourth dielectric | ayers have di ssim |l ar etching
characteristics; | | a t he fourth

di el ectric |ayer d?eéﬁ?gr?cq?ieh#e]g?ﬁay ‘%%ESSPE?W?SBV@(J%%'Saqeggf'fﬁdloé'rla@fg 1S s
characteristics \fphbtlbrés%gﬁisda ;sdivérhnﬂe %mr&t@ﬁmm%dfaom phttétheecLiyess ¥ BY&dS716
and wherein the rst and fifth dielectric |layers have simlar etching
characteristics; haye simiat tetohinguetagactamstest whilé ¢lad kichimge bharectarigaeaf layere714 are

trench and a via patter th ou the fifth rth and third dielect

layers, in a fir Ss'g{‘léﬁﬁﬂ 3)2}.@’8!5 ;Ah&"ﬁyléoﬁ‘f@w%ﬁ"éﬁﬁ hc&?ﬁeﬁishéygs shown in
signal linestren¢igsoyRr |ﬁydaﬂ%etdgﬁosYtb@bf§ﬁ§ 5f the n{emdw%lémﬁrefd/éli Known to those of
dielectric layer, and anisotropically e Ing the via pattern to the
substrate ther ebyordmarmsh@ matheiartst vi a hol e extending fromthe signal |ine
trench to the substrate, in a second etching sequence, wherein the power
line trench and the signal trench having an underlying via hole are adapted
for formng a triple 1 i [% b
the first etching squgsn ?('g%herri)nsﬂsdlqéjﬁ%w%rll&ggéng?k%g%nﬁ%%%@ Eﬂgha‘#}%ﬁg%- are

power [|ine trenchnjgetrbsically2miled theoughdayert7ieand 704 ThisetdHifg prodedireedquires different
| ayer; b) anisotropically etching the power line trench pattern through t he
fifth, foul®h andtahhshesuginies &rtlayess I7é§e'¥‘§ Tth becapse theserilayers hawddissimilge etching

trench and simul tﬁ‘ﬂ'g‘.ggr? 1¥.s ggt%fl l’o%@!il.}rg résh EJ}' QQ\HEﬂfﬁe‘{re%cﬁ’%‘%E cﬂ/e:s pcglg L?'%] First

the fifth, fourth ayers; renov

| ayer. 31 M-~ rés@ﬁ?yeﬁﬂﬁs stripysedrant b@d:oﬂﬂ r&lsﬁla?&rﬂBMH@l’ﬁC)ﬁdﬁtpsmbdthe surface
etchi ng sequence conprises: a) formng a mask | ayer, having a signal |jine

trench pattern oxpélayawWgandm@ldnmwsaimwwcham tffcﬂﬁlsf layem734) lépemmpd:fqraﬁést SIgnal

d f h d h h
ot ching the via (EehR Blerlibe oIS ZRH an Adbiohb il od w8nGP APk g
ani sot ropi 8l | v hBbirdticbitf heate i Eﬂﬁlo}r&@@féﬂcméﬂaﬁﬁﬁb BT (G D) b 738

dielectric layer thereby formng a si | ine trench, and simultaneously
ani sot ropi cal | y éhiohighghirddieledteic bacxt 'é1r6n Stmultaugmsllyhé\efwla Battaﬂncslmomoolca%y@phed
4. The met hod of

hi rd f f h .di |
| ayers conprise @ugﬁnﬁ%\ﬁg rel ?i%thgft%"r{oglfl’rélg ngng%lf:gé f‘Y]B‘lrhe? %n tgalbbstrate

consi sting of aﬁmphpay%rﬁwi%h @t%h%sﬁ?drb:%mg%gﬁdlé ?4@@6@0&%%@&5@13@115 stripped
spi n-on-gl ass, aero- ryl ene) ethers, fluorinated poly(arylene)

et hers and di vi nyffomt ecsua”m Otﬁgayzrobl;ﬁcﬂnétﬁr@natm@ch§24,1sheFIﬁét'lrﬁ> hefeteh chiepistries which
wherein the,second and fourth dielectrjc ri,se nor.e
el oot o har o e B9 ap @i feahes i G bOES ACmE eBoRRert S Rynfion need to be

fluorinated Si 02.gefective to first and second photoresist layers 718 and 730 respectively.

Power line trench 724, via hole 740 and signal line trenches 736 and 738 are

simultaneously filled with a conductive material, such as a metal. Excess metal is removed

25 from layer 716, using for example conventional CMP or conventional etch back to define the
interconnect lines as shown in FIG 7F. A novel triple damascene structure is thereby
fabricated, including a power line 750 and a signal line 752 having an underlying via plug 754

which contacts substrate 710. An additional signal line 756 can be fabricated simultaneously

with the triple damascene structure, as shown in FIG. 7F. This triple damascene structure

30 employs three design rules as shown in Table E with reference to FIG. 7F.



6. The nethod of claim1 wherein the first, third and fifth dielectric

| ayers conprise one or nore dielectric materials sel ected fromtgemﬁé‘f@@s
consisting of Si02 and fluorinated Si02. 7. The nethod of claim@ !

the second and fourth dielectric |ayers conprhge one or nore dielectric
materials selected fromthe group consisting of anorphous fluorinated
carbon, organic spin-on materials, spin-on-glass, aero-gel, poly(arylene)
ethers, fluorinated poly(arylene) ethers andr gl vl;Lr nyl sil oxane

benzocycl obut ane. 8. The nethod of claim1l add!%’ onal | y conprising

simul taneously filling the power line trench, the signal line trench and
the first via hoTé WTnh a conductive material, wWhereby a t(ri ple danascene
structure is forDedgnRuleThe net hod oDidéafiei8yesherei n t he conductive
material conprises one or nore materials selected fromthe group consisting
of metals, alloys—metallic-superconductors—and nopnetallic

super conduct or s. ~ 2003 33 h aiml additionally
conpri si ng%f or m }F]%W% 1‘3"834(7)%} vi a hol e}%r?agr(ﬁ/ﬁggﬂﬂ%qo(gé@er line trench and
extendi ng to theSighfidine 8152) wherein tHi”l (Joeer |ine trench, the signal line
trench, and the first and second via _holes are adapted for formng a

quadr upl e damasc¥ifePlg (38lure. 11. THE fEk23Ad 8¢copd 4Tk 10 additional Iy
conprising sinmultaneously filling the power line trench, the signal line
trench, the first via hole and the second via hole with a conductive
material, whereby a qlyasimiirg, fEHMEERVE th Fabeitatee sirGcthysBGstraled in/FIGS. Tad- 7F
of formng a structure on a substrate, the nethod conprising: a) depositing
a cap | ayeld on t ineludesiworesghing ssyuencesss follays oA first stching sequenee cormprising. depositiag

cap layer; c) depesit.i econd. dielectric layer.on.the first dielectric
Cayer . wherei n t A0 Fiehask AV tishas ApRFtars ot s B g lpyE Afefapine a power
et chi ng char act efiheitdrich pattbn 8PP Gih phiternan tHAIGr & ntlisR 96 Eihﬁxlthﬁé&&ly@&hﬁn?%e power
second dielectric layer; e) depositing a fourth dielectric |ayef on The

third diel ectri clineayench patiemeind the wiaf pattern thmoughathe thirddind| sscond dieleatyisrlgydns\asd
dissimlar etching characteristic and, wherein, the cap lLayer and the
second and fourtF vér}géget ﬁqsﬁet?l?ivgglgla%e({v@ S%‘ioﬁﬁF{}ngEe@HFfﬁzﬁ "E‘%é[{’%ﬁ:ggqqsgwgééfcond
f) depositing a tich tnfasklivatliRChrhi€aredd Y eRRing e spinal Ineir&lBCHAtletn HRYESh the third
wherein the fifth dielectric layer has dissimlar etching characteristics

with regard to tHelectms laygaper and to the second and the fourth dielectric
| ayers, and wherein the first and fifth dielectric |ayers have simlar
etching characteristics;

The inventive techniques of the present embodiment are suitable for a variety of

dielectric stacks, providing that the etch selectivity and etching characteristics of the
20 materials meet the criteria which are described in connection with FIGS. 7A - 7F. Examples
of suitable dielectric stack materials for second dielectric layer 714 include oxides such as
PECVD Si0O, and F-SiO,, while suitable dielectric matenials for first and third dielectric
layers 712 and 716 include materials having a low dielectric constant, such as polymers, for
example amorphous fluorinated carbon based materials, spin-on dielectric polymers such as
25 fluorinated and non-fluorinated poly(arylene) ethers (commercially known as FLARE 1.0
and 20, which are available from Allied Signal Company), poly(arylene) ethers
(commercially known as PAE 2-3, available from Schumacher Company), divinyl siloxane
benzocyclobutane (DVS-BCB) or similar products and aero-gel. These dielectric materials
are well known to those of ordinary skill in the art. The oxides and the polymers have
30 dissimilar etching characteristics because etch chemistries used for polymer etching, such

as O,-based etch chemistries, are highly selective with respect to $i0,. On the other hand,



g) simultaneously anisotropically etching a power line trench pattern and a
via pattern through the fifth, fourth and third dielectric Iayengqnmmam3
first etching sequence; and h) anisotropically etching a signal I1ne
trench, overlaying the via pattern, through the fifth and fourth dielectric
| ayers, anisotropically etching the via pattern to the substrate thereby
formng a first via hole extending fromthe signal line trench to the

substrate, and jsotropically etching t ower line.trench pattern
Chrough the. secantrapilcnemistmayBrabhued fy” P S0aisuoi o7 cviricsect i
a second et chi ngygggeence. 31 M-~ c003 34 13. The nethod of claim 12
wherein the fi rs? et chi ng sequence conprises: a) formng a mask | ayer,
having the power line trench pattern and the via pattern, on the fifth
dielectric layer; b) anisotropically etching the power line trench pattern
through the fifth, foOnptheaerampigofd suitehiedielestac ptaghfos thestycwrenshewumadiaBy7A -

ani sotropically oAyl i ter . : | faourth. apd, thj
dielectri c%?ayerg ?rg:'rl] (S:%&(r%é‘ng\%le%gﬁctlg)éeprzélgél%tég@ecﬁ&%iéél; él%bﬂen nﬁlgg hx&tjgdeoghcglagiiw
12 wherein the sdlicnchigidehiwhie SKLBHE MafepiaBITOS At afd thied dieRgtrit 1BRSK 71 BN 716
having a signal |ine trench pattern overl ayiﬁng the via pattern, on the

fifth dielectricinFlagepxigdes speh 28 FRCYRSIQeaiid H-aikdr Othesiseitablersatgaalefor therdielectric
t h; b) ani ' ing the vi tern. h.t nd .
i ol oot rit | ayerodyhgRuLIecBhE MeRArl el B0 BhrlH AR bR BN s avne

t hrough the fiftfirsdarelltaicd diefeckrylayers NEY £13Y7 16 WorpRiging ohk BFAbre dxitRs kucAR§ PECVD
and sinul taneously anisotropically etching the via pattern through the

first dielkbtricSiOapadF-8if4 d) ani sotropically etching the signal Iine
trench pattern through the fourth dielectric |ayer, sinmultaneously
ani sotropically etching the power line trench pattern through the second

dielectric layer and g djillanafiRPembodiRBhtPHePRisem|ihvenBbf hAAtupidEinbk@nP&hlcBires
through the cap layer. 15. The nmethod of claim 12 additionally conprising

si nul t aneousl y f areifabrigatedas piwstrated inddGEr &heBD SubstrateiQI(FIG. 86) andefirsty sevodd and

the first via hol.e w.th a cond iye material , ereby a triple danas e

structure is for%&%’%%‘"?f?&%ﬁho%‘%ﬁ&qéiam Si@ﬁ\gfdaitgelmsm}%%ms_s?f&g& TA.

formng a pecondpyig lmltﬁe'nch\%%??la)ﬁ? W,Eh%vigggﬁr&é RGN &SN the sEUGE Wd¥h h#1G.
od of ¢ 16 addi g

the substrate. 17. The neth arm tronall'y conprisin
si mul t aneousl y f BAlusmg te¢hmiqueswsimilar tocthbseadesiribet he fampaiverlline eetahe??d fand viachole

first via hole a he seco via hole wth a conductive nmaterial, whereb
a quadruple d amaggféh%‘“%tf'& %Ffﬁjl}gﬂ PRptesist layer 820(25ee IJI& 8A) 1s deposited on ?ayer 316
and in power line trenches 822 and 824. A via pattern 828 is developed in resist 820 inside
power line trench 822. Also, a signal line trench pattern 830 is developed in resist 820
20 overlaying via hole 826. An additional signal line trench pattern 832 is provided in resist 820

on third dielectric layer 816.

As shown in FIG. 8B, an anisotropic etching procedure is used to simultaneously

etch signal line trenches 834 and 836 through third dielectric layer 816, and via holes 838

25 and 826 through first dielectric layer 812 Resist 820 is subsequently stripped, resulting in
the structure shown in FIG. 8C which includes power line trench 822 with underlying via

hole 838, power line trench 824, signal line trench 834 with underlying via hole 826, and

signal line trench 836. Via holes 826 and 838 extend to substrate 810. These trenches and

via holes are simultaneously filled with a conductive material, such as a metal. Excess

30 conductive material is removed from the surface of layer 816, using for example
conventional CMP or conventional etch back techniques, thereby fabricating the inventive

structure depicted in FIG. 8D. A novel quadruple damascene structure is formed using four



3 ~ MA~t ?.003 35 18. A nethod of formng a structure on a substrate, the
nmet hod conprising: a) depositing a first dielectric |ayer on the quStﬁﬁhf;
b) depositing a second dielectric layer on the first dielectric Id&bMA
wherein the first and second dielectric |ayersshave dissimlar etching -
characteristics; c) depositing a third dielecttic |layer on the second
dielectric layer, wherein the second and third dielectric |ayers have

dissimlar etching .characteri,sstics an in the first and thjrd . .
diel ectric |ayer s‘gﬂﬁ'\‘/ﬂll%ﬁ mc[ug}ﬂg@twtﬁ “%’ﬁ‘z@ tngrandinderlyingyia QI%&E@%&MVI line

ani sotropical ly i i n k t ;
third and secondeédlﬁég}’ 'gg?'ﬁf@grgﬁ%&?%ﬁg? ?F ra g@ﬂgﬁaéﬁé)ﬁaﬂg%qsagﬁgg;gﬁ gﬁ%hgglﬁl%gnal
ani sotropi cal |y dineB50garebedhignraledlsimmédtane@msiytwittohe nlhadpipigdanmscanestpature rihe four
through the third, djielectgic.layer, and sinultaneously etchi e. Vi

bt Lorn to the SR RIE oh VLBIIRBICAATRSATE Fireop e Homs BTadiech Wb fotetance to
the signal kine tggngp to the substrate, in a second etching sequence. 19.
The nethod of claim 18 wherein the first etching sequence conprises: a)

form ng a nmask | ayer, having a power |line trench pattern and the via
pattern, on the third dielectric |layer, b) anisotropically etching the

power line trench pattern through the third halle Eecond dielectric | ayers,
thereby formng a power line trench and sinultaneously anisotropically
etching the via patrterm through the thiTd—andSecondai et ect T ;

c) renoving the npefigiRyler. 20. The met hodDiefeceicdiayerl8 wherein the second

et chi ng sequence conprises: a) formng a mask | ayer, having a signal |ine
trench patt@rn overlaying-the via pattern on the third dielectric layer

and forning the mgsk | inside the power ] e . b)
ani sotropical ly g?c eirr@gﬁﬁéj)si gnal Iine trsgﬁ%%wﬁé{‘{%’?ﬁmm@ggéh the third
di gal ectri c | ayer ereilgyvfacm@g (@2 signal firk @12y ench., and ;i mul taneousl y
ani sotropically etching the via pattern through the first dielectric |ayer.
21. The met hod of Sighailine §8t6\herein the firtbirdékb)t hird diel ectric |ayers
conprise one or re dielectri terials sel ed fromt gr oup
consi sting of anongﬁﬂ%?fge?"la@ 18 ﬁﬁgﬁd car bo ,’5‘0@3%"8 second (9?4)

15

FIGS. 9A - 9F illustrate an additional embodiment of the present invention wherein
timed etches are used to fabricate triple damascene structures. FIG 9A depicts a structure,
such as an IC structure, having a first dielectric layer 912 deposited on a substrate, such as
a semiconductor substrate 910. A second dielectric layer 914 is deposited on layer 912. This

20 is followed by the deposition of a third dielectric layer 916. The present embodiment
employs dielectric layers having similar etching characteristics. Alternatively, dielectric layers
912, 914 and 916 can comprise the same dielectric material for each of the three layers. A
first photoresist layer 918 is deposited on third dielectric layer 916. The dielectric and
photoresist layers depicted in FIG 9A can be deposited by any of the methods which are

25 well known to those of ordinary skill in the art.

As illustrated in FIG. 9A, power line trench mask 920 and via mask 922 are
developed in first resist layer 918. A timed anisotropic etch is subsequently used to form
power line trench 924 (FIG. 9B) in layers 914 and 916 and to simultaneously etch the via

30 pattern through layers 914 and 916, forming via hole 926. First photoresist 918 is then
stripped and a second photoresist 930 (FIG. 9C) is deposited on layer 916 and in power line

trench 924. Signal line trench patterns 932 and 934 are formed in second photoresist layer



3 ~ MAR 2003 36 spin-on materials, spin-on-glass, aero-gel, poly(arylene)
ethers, fluorinated poly(arylene) ethers and divinyl sil oxane
benzocycl obut ane. 22. The nethod of claim21 wherein the second didl e
| ayer conprises one or nore dielectric materials selected fromthe group
consisting of Si02 and fluorinated Si02. 23. The nethod of claim18
additionally conprising sinultaneously filling the power line trench, the

signal line tren fir ka_ hol LLh g.fonductive rial, .
whereby a tripl ecdgg : sgféernkgmsc_tlFﬁeEtgnbewpgre?‘&%H’. s‘2"49‘/ H‘és Pf@t}h‘ggtgglé %@fhﬁrfg”ed
addi tional |y conpinisptrgicfefdhi itgized, 26 RRGFMIRFIGI9D, 1dBER ibyalNele t2BcHAOYSE and 938
line trench, extending to the substrate. 25. The nethod of claim 24

addi tional | y conphisighdaysi fid. anthtoumiantously etgh viadiole®érthtcugb layee 8¢h, fotrhieg via
signal line trench efirst via hole and.the second via hole with g.

conductive materi e 6%1&%‘?5391 Pé?%ﬂﬁ%?&?&@ & SH&HP&@J&?&@“‘&'Fa'&%ﬁwf#fsvxfwfwa&? FiE 9E
A met hod of sf or m pglcRinthddde poWe B tnch U2t §ighdl link n@ndﬁﬁ%;aqslnﬁen&[ﬂlyﬁigw hél& 940,

depositing a first dielectric layer on the Substrate; deposi a
second di el ect ri candaigael iow tteheh 938r Jihe dia bbleand trendhaydepicted in #&E R2E afersgmudtaneously

third dielectric er..on the . second, di.el ectric |ayer, erein the first, |
Socond and thi r o UM MHEL 1 SeREgAly SO Rerial eﬁw&\?@h XSt epnductivgmatgyial

si mul t aneousl y any [ ' ' §

i o pattern thr oLre et ¥ sRERE LN o Uibe sy chd BHEAD BhicHofk Bk 1o
et chi ng sequence;thasecskélledamihs att) thps forrning tied ieténtige stnsongieaduch iagen 1€ ethediure, shown
overl aying the via ttern, through the third dielectric |ayer, and

si mul t aneod®l y arin §8er YpiAnaveltripledamassens grugtuse psing three design Ruesdsiosmed bya power

he substrate, i ing 0o gt EncS o JOBAS R A 51, 1R SASHE shon n

met hod of cl ai m ZEGWERBoepidR afsighaltline 0S8 whigh satbeatsricatedihhiSaRoudy withthe thigle
a mask |l ayer, having the power line trench pattern and the via pattern, on

the third di el ectdamaseengastructyie. Thiginpledamaseang siractiteyempleysithrge dasigm oules exit¢nding
t h patt t he third.and dj el ic.l . thereb
formng a pover 1 THea il dbEERERS RN SbovE i THHE GyrliiRigeRee o FIG

15 9F.
Table G
Design Rule Dielectric Layer
20
Power line (950) second (914) and third (916)
Signal line trench (952) third (916)
Via plug (954) first (912) and second (914)
25 The inventive techniques of the present embodiment shown in FIGS. 9A - OF, are

suitable for a variety of dielectric stacks, providing that the dielectric layers have similar
timed etching characteristics. Examples of suitable dielectric stack materials for first, second
and third dielectric layers 914, 914 and 916 include oxides such as PECVD SiO, and F-SiO,.
Other examples for a suitable dielectric stack include materials having a low dielectric
30 constant, such as polymers, for example amorphous fluorinated carbon based materials, spin-
on dielectric polymers such as fluorinated and non-fluorinated poly(arylene) ethers

(commercially known as FLARE 1.0 and 2.0, which are available from Allied Signal



etching the via pattern through the third and second dielectric |ayers; and
c) renoving the nmask layer. 28. The nethod of claim 26 wherein the se}ﬁq]n\gm
etching sequence conprises: a) formng a mask |ayer, having a si gnél ‘Ef
trench pattern overlaying the via pattern, 9?4_the third dielectric |ayer
and form ng the mask | ayer inside the power Tine trench; and b) tined

ani sotropically etchi ng the signal line trench pattern through the third

di el ect | th | t h, | t
SEESHENEL N TR

| ayer. 29. The %Hﬁggne?tom r{ﬁd?ﬁin%%fdn@ beSoc ?{:IB@Jtan 18 bitilaFproducts
dielectric layers corrprlseoeor dielectfic n'at erial s selected from

t he group consiaidiaemp-gél Thed@ dieledtricl maerialahredvdl Kidvatio thdse offetdivaty okillén ehie art

26 additionally conEr|S|ng si nul t anequsly fl||ln? t he power line trench
the signal [indttilbagHndaigoedthat thestchehemigiries (e siahiag Pl thedielestng stack

whereby actripl thod of claim 26
addi ti onal” I y co‘%ﬁ??@?ﬁgé?&gwgl%g&a%i%%ﬁrﬁ %g‘aﬂ%}sgﬁﬁl ger ying the power
line trench, extending to the substrate. 32. The method of claim31
addltlonally conprising sinultaneously filling the power |ine trench, the
signal line trench, Inaaotherembaodimerof thepresenhiavensionquadriple damasoge smg;tures are

nggug\g' \S/e g\‘ét %@ﬁe&’\g@gﬂgﬁ@cgﬁ%‘?ﬁg ick?a%ﬁ%%?o%%clﬁuqu%ggl% 18r {o%hb % §%Gibed in

y. Al . AY. AL AYS. é&né‘str‘bﬁ viith HIGSAPAA 99 FabficatioN6F.1he fuadhiqdSBariasbbhd stiéturéy ofdhe
A LA E.AY .A G Z d, Fhy{

¢} w mheA ik a] caresent embedimenyjisipseatasin FXGSa) Ot $0P FG: 404 shews & sirectiiteajushps
Tal / * Pbt
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a] ca] cal a'liirstdlele§fe a?ﬁ(loﬁ‘zxsdé osited. Pow rlm tre che 1022 and 1024 agd vi ho 10 6

((())s+}xsnid_Z]]calca calca]ca ca cal ca T cal ca ‘]]

a]_c a] ca] ca] ca] carp darjreed)in tesajctaje shova) in F16+ +9A @mg Z‘mﬁa ahﬁé’ms;ﬁs ;etchmg techmques
cal oal ¢ 2??23’”525551 B d M SPreaPEb | CRTBIPReT Lt ERIIR A 2nd Her EIS SR I
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Toa] cal ca] o oal W@Lﬁ@mk"'?%ﬁa"* Sl e R0 Bt MR SRR M

a] i:a] i:a] ?ﬁ] c?] ;ﬁhp@ga&m&] %m]zmbm]aya}w&m]dep@ma oedis holk 4826 34w addivtdmabdigmal)
calJca]ca Xsni

a] ca] ca] c#] ga] c'é!]/ectéﬁr@g]’é'aﬁfeHpga]5(51?]’%‘8?%%]"6&]’%]@9]%@@%&]"&%?&@] Wpecajcalcalc
a] ca]ca] ca] ca! b[ cf AEsN " hj ORU} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal w=%3| S

e} xsni d_Z]]ca] ca] ca] Aa]dep;]:tea]ma=]IGa]IOB]aca]nea]mbaabmae]taﬁ:]g:p:]dbaclm]lca]ntpm]yecalc
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! QTW }x snid_Z]]ca Q%Cél] ca%)ca

] ca] ca] ca] ca] cajituitenepusly etsh é‘S]‘%lal_Pé&]eB@]eéaPééP@a Q3 and (Y&]f@éﬁscl e and A9 M

Jcalcal Vv holes 1026 and 1038 extend to substrate 1010. Resist 1020 is then stripped, resulting in the

25 structure shown in FIG. 10C which includes power line trench 1022 with underlying via hole
1038, power line trench 1024, signal line trench 1034 with underlying via hole 1026 and
signal line trench 1036. These trenches and via holes are simultaneously filled with a
conductive material, such as a metal. Excess conductive material is removed from the
surface of third dielectric layer 1016, using for example conventional CMP or conventional
30 etch back techniques, as shown in FIG. 10D. A novel quadruple damascene structure is
formed using four design rules, including a power line 1040 having an underlying via plug

1042 and a signal line 1046 with an underlying via plug 1048. An additional power line 1044
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109B& () - 10%3& RowdrQfB& d4Dy , FhdE- $1098& de&&ﬂ%ﬁi&h())anbf tﬁré@f@& ()-Y

**1109B& ()- F )1109B& ()-L" $109B& ()- F _s! 109B& ()- aB- $109@|
10%&' () - A10s9" 1 1Bower ling viaiphas@ P42BBE () - | firatt (19 UBS, ()-|
Signal line (1046) third (1016)
Signal line via plug (1048) first (1012) and second (1014)

The novel quadruple damascene structures illustrated in FIGS. 4F, 6B, 8D and 10D
15 show two via plugs which contact the respective substrates. It will be understood that the
two via plugs of each of these structures can contact the same element of a substrate or

different elements of that substrate.

Additional embodiments (not shown) of the present invention include depositing a

20 liner inside the via holes and trenches of the IC structures shown in FIGS. 3E, 4E, 5C, 6A,
7E, 8C, 9E and 10C. The lined via holes and trenches are then simultaneously filled with a
conductive material to form the triple and quadruple damascene structures of the present
invention. Suitable liner materials include adhesion promoters and diffusion barrier materials.

For example suitable liner materials for Cu or Cu alloy containing damascene structures of

25 the present invention include CVD (chemical vapor deposition) or PVD (physical vapor
deposition) TiN, WN, Ta and TaN. Examples of suitable liner materials for AL, Al alloy, W,

or W alloy containing damascene structures include PVD TV TiN.

Suitable semiconductor materials for use in semiconductor substrates of the present
30 invention include silicon, germanium, silicon/germanium alloys, gallium arsenide and
indium/gallium/arsenide/phosphide. Typically, triple and quadruple damascene structures of

the present invention contact a metallized line of the semiconductor substrate. Suitable
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conductive materials for filling the damascene trenches and via holes of the present invention
include metals such as Cu, Ag. Al, W, their alloys and mixtures of these metals with or
without alloys While thée embodiments of the invention are described and illustrated using
metal interconnect lines and metal damascene structures, the invention is equally operable

5 when conductive materials other than metals are used. Suitable conductive materials include

metallic and nonmetallic superconductors, i.e. materials having zero direct current resistance
at or below their superconducting transition temperature, such as metallic nickel/germanium
and nonmetallic yttrium/barrier/copper oxides. Suitable techniques for simultaneously filling
damascene trenches and via holes include CVD, PVD, electroplating and electroless plating,

10 These techniques are well known to those of ordinary skill in the art.

The inventive techniques which are described in connection with FIGS. 3A - 10D
utilize photoresist masks. However, it will be understood that the invention is equally
operable when hard masks or combinations of photoresist masks and hard masks are used

15 providing that the mask material has a low etch rate for the etching procedures used in
etching the dielectric layers of the inventive structures. The various etching techniques and
etching chemistries employed in the embodiments of the present invention include techniques
and chemistries which are well known to those of ordinary skill in the art. Also, it will be
understood that it is necessary to clean or prepare the surface of the structure prior to the

20 deposition of any layer in any subsequent fabrication step, using surface preparation methods
and materials which are well known to those of ordinary skill in the art. It will also be

understood that methods for removing resist include conventional dry and wet methods.

The novel triple and quadruple damascene fabrication techniques of the present

25 invention require a sequence of processing steps. Each processing step can be performed at
a fabrication station. All or some of the fabrication stations and their respective processing

steps can be integrated by means of a novel apparatus including a controller 1100 illustrated

inFIG. 11. Controller 1100 is adapted for controlling a number of fabrication stations which

are utilized in the formation of fabricated structures, such as the IC structures described in

30 connection with FIGS. 3A - 3G. As illustrated in FIG. 11, a novel manufacturing system
1110 for fabricating IC structures includes controller 1100 and a plurality of fabrication

stations: 1120, 1122, 1124, 1126, 1128, 1130 and 1132. Additionally, system 1110 has
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between controller 1100 and fabrication stations 1120, 1122, 1124, 1126, 1128, 1130 and
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1132 respectively The novel apparatus includes a data structure such as a computer
program which causes controlier 1100 to control the processing steps at each of the
fabrication stations and to, optionally, regulate the sequence in which fabrication stations are

used in order to form the novel structures.

Examples of suitable controllers include conventional computers and computer
systems including one or more computers which are operably connected to other computers
or to a network of computers or data processing devices. Suitable computers include
computers commonly known as personal computers. The data structure which is used by
controller 1100 can be stored on a removable electronic data storage medium 1140 (FIG.
11), such as computer floppy disks, removable computer hard disks, magnetic tapes and
optical disks, to facilitate the use of the same data structure at different manufacturing
locations. Alternatively, the data structure can be stored on a non-removable electronic data
storage medium, including a medium positioned at a location which is remote (not shown)
from controller 1100, using such data storage devices as are well known to those or ordinary
skill in the art. The data structure can be communicated from a remote location to controller
1100 using communicating techniques which are well known to those of ordinary skill in the
art including hard wire connections, wireless connections and data communication methods
utilizing one or more modems or techniques using one or more computers commonly known
as servers The data storage medium can be operably connected to the controller using
methods and device components which are well known to those of ordinary skill in the art.
Examples of suitable fabrication stations for manufacturing system 1110 include the stations

shown in Table I.

Table 1
Station Processing Step
1120 depositing a first dielectric layer on a substrate

1122 depositing a second dielectric layer on the first dielectric layer
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1130 simultaneously anisotropically etching a power line trench pattern and a via
pattern through the fifth, fourth and third dielectric layers

1132 anisotropically etching a signal line trench pattern through the fifth dielectric
layer and anisotropicaily etching the via pattern through the second and first

dielectric layers

Additional fabrication stations can be added to manufacturing system 1110, for
example one or more planarizing stations. The sequence of processing steps shown in Table
L is illustrative of system 1110. However, the invention is equally operable in systems
wherein a controller, such as controller 1100, causes the sequence to be altered, for example
by repeating a previously executed processing step if test results indicate that this processing
step should be partly or completely repeated. Alternatively, the process sequence which is
controlled by a controller such as controlier 1100, can include processing steps such as
surface preparation which may be performed following any of the fabrication stations shown
in FIG 11 and Table 1. It is also contemplated that one or more fabrication stations can be
positioned at a location which is remote from the other fabrication stations in which case an
additional controller or a network of controllers can be employed to control the remotely

located manufacturing station.

As illustrated in FIG. 11, controller 1100 is adapted to be connected to each of the
manufacturing stations through operative links. Each of these links provides a bidirectional
connection enabling controller 1100 to transfer commands from its data structure, such as
specific operating parameters, and to receive information, such as test data, from the
fabrication station. The operative links can be in the form of hard wire connections or

wireless connections.

FIG. 12 depicts another embodiment of the present invention. A novel apparatus
including inventive controller 1200 is adapted for controlling fabrication stations which are

utilized in the formation of fabricated structures, such as IC structures described in
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5 fabrication stations A novel manufacturing system 1210 for manufacturing the structures

illustrated in FIGS. SA - 5D includes controller 1200, the data structure, the above
manufacturing stations and the operative links. The data structure can be provided on a
removable electronic storage medium 1240. The controller, the data structure, the operative
links and the removable storage medium are similar to those described in connection with
10 FIG. 11. Examples of suitable fabrication stations for manufacturing system 1210 include

the stations shown in Table J.

Table J
15 Station Processing Step
1220 depositing a cap layer on a substrate
1222 depositing a first dielectric layer on the cap layer
1224 depositing a second dielectric layer on the first dielectric layer
20 1226 depositing a third dielectric layer on the second dielectric layer
1228 depositing a fourth dielectric layer on the third dielectric layer
1230 depositing a fifth dielectric layer on the fourth dielectric layer
1232 simuitaneously anisotropically etching a power line trench pattern and a via

pattern through the fifth, fourth and third dielectric layers

25 1234 anisotropically etching a signal line trench pattern through the fifth and
fourth dielectric layers, anisotropically etching the power line trench pattern
through the second dielectric layer and anisotropically etching the via pattern

through the second and first dielectric layers and through the cap layer.

30 FIG. 13 depicts another embodiment of the present invention. A novel apparatus
including inventive controller 1300 is adapted for controlling fabrication stations which are

utilized in the formation of fabricated structures, such as IC structures described in
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and 1328 are connected to controlier 1300 through operative links 1321, 1323, 1325, 1327
and 1329 respectively. The novel apparatus includes a data structure which causes the
controller to control the processing steps at each of the fabrication stations. A novel
manufacturing system 1310 for manufacturing the structures illustrated in FIGS. 7A - 7F and
9A - 9F includes controller 1300, the data structure, the above manufacturing stations and
the operative links. The data structure can be provided on a removable electronic storage
medium 1340. The controller, the data structure, the operative links and the removable
storage medium are similar to those described in connection with FIG. 11 Examples of
suitable fabrication stations for manufacturing system 1310 include the stations shown in
Table K.

Table K
Station Processing Step
1320 depositing a first dielectric layer on a substrate
1322 depositing a second dielectric layer on the first dielectric layer
1324 depositing a third dielectric layer on the second dielectric layer
1326 simultaneously anisotropically etching a power line trench pattern and a via

pattern through the third and second dielectric layers
1328 simultaneously anisotropically etching a signal line trench pattern through the

third dielectric layer and the via pattern through the first dielectric layer

The invention has been described in terms of the preferred embodiment. One skilled
in the art will recognize that it would be possibie to construct the elements of the present
invention from a variety of means and to modify the placement of components in a variety
of ways. While the embodiments of the invention have been described in detail and shown
in the accompanying drawings, it will be evident that various further modifications are
possible without departing from the scope of the invention as set forth in the following

claims.
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1. A method of forming a structure on a substrate, the method comprising:

a) depositing a first dielectric layer on the substrate;

b) depositing a second dielectric layer on the first dielectric layer, wherein the first and
second dielectric layers have dissimilar etching characteristics;

¢) depositing a third dielectric layer on the second dielectric layer;

d) depositing a fourth dielectric layer on the third dielectric layer, wherein the first and fourth
dielectric layers have dissimilar etching characteristics;

e) depositing a fifth dielectric layer on the fourth dielectric layer, wherein the fifth dielectric
layer has dissimilar etching characteristics with regard to the second and the fourth dielectric layers,
and wherein the first and fifth dielectric layers have similar etching characteristics;

f) simultaneously anisotropically etching a power line trench and a via pattern through the
fifth, fourth and third dielectric layers, in a first etching sequence; and

g) anisotropically etching a signal line trench, overlaying the via pattern, through the fifth
dielectric layer, and anisotropically etching the via pattern to the substrate thereby forming a first via
hole extending from the signal line trench to the substrate, in a second etching sequence, wherein the
power line trench and the signal trench having an underlying via hole are adapted for forming a triple

damascene structure.

2. The method of claim 1 wherein the first etching sequence comprises:

a) forming a mask layer, having a power line trench pattern and the via pattern, on the fifth
dielectric layer;

b) anisotropically etching the power line trench pattern through the fifth, fourth and third
dielectric layers, thereby forming a power line trench and simultaneously anisotropically etching the
via pattern through the fifth, fourth and third dielectric layers; and

¢) removing the mask layer.
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3. The method of claim 1 wherein the second etching sequence comprises:
a) forming a mask layer, having a signal line trench pattern overlaying the via pattern, on the
fifth dielectric layer and forming the mask layer inside the power line trench;
b) anisotropically etching the via pattern through the second dielectric layer; and
¢) anisotropically etching the signal line trench pattern through the fifth dielectric layer thereby
forming a signal line trench, and simultaneously anisotropically etching the via pattern through the first

dielectric layer.

4, The method of claim 1 wherein the first, third and fifth dielectric layers comprise one or more
dielectric materials selected from the group consisting of amorphous fluorinated carbon, organic
spin-on materials, spin-on-glass, aero-gel, poly(arylene) ethers, fluorinated poly(arylene) ethers and

divinyl siloxane benzocyclobutane.

5. The method of claim 4 wherein the second and fourth dielectric layers comprise one or more

dielectric materials selected from the group consisting of SiO; and fluorinated SiO,.

6. The method of claim 1 wherein the first, third and fifth dielectric layers comprise one or more

dielectric materials selected from the group consisting of SiO; and fluorinated SiO,.

7. The method of claim 6 wherein the second and fourth dielectric layers comprise one or more
dielectric materials selected from the group consisting of amorphous fluorinated carbon, organic
spin-on materials, spin-on-glass, aero-gel, poly(arylene) ethers, fluorinated poly(arylene) ethers and

divinyl siloxane benzocyclobutane.

8. The method of claim 1 additionally comprising simultaneously filling the power line trench, the
signal line trench and the first via hole with a conductive material, whereby a triple damascene

structure is formed.

9. The method of claim 8 wherein the conductive material comprises one or more materials selected
from the group consisting of metals, alloys, metallic superconductors and nonmetallic

superconductors.
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11. The method of claim 10 additionally comprising simultaneously filling the power line trench, the

signal line trench, the first via hole and the second via hole with a conductive material, whereby a

quadruple damascene structure is formed.

12. A method of forming a structure on a substrate, the method comprising:

a) depositing a cap layer on the substrate;

b) depositing a first dielectric layer on the cap layer;

c¢) depositing a second dielectric layer on the first dielectric layer, wherein the first and
second dielectric layers have dissimilar etching characteristics;

d) depositing a third dielectric layer on the second dielectric layer;

e) depositing a fourth dielectric layer on the third dielectric layer, wherein the first and fourth
dielectric layers have dissimilar etching characteristics, and wherein the cap layer and the second and
fourth dielectric layers have similar etching characteristics;

f) depositing a fifth dielectric layer on the fourth dielectric layer, wherein the fifth dielectric
layer has dissimilar etching characteristics with regard to the cap layer and to the second and the
fourth dielectric layers, and wherein the first and fifth dielectric layers have similar etching
characteristics;

g) simultaneously anisotropically etching a power line trench pattern and a via pattern
through the fifth, fourth and third dielectric layers, in a first etching sequence; and

h) anisotropically etching a signal line trench, overlaying the via pattern, through the fifth and
fourth dielectric layers, anisotropically etching the via pattern to the substrate thereby forming a first
via hole extending from the signal line trench to the substrate, and anisotropically etching the power
line trench pattern through the second dielectric layer thereby forming a power line trench, in a

second etching sequence.
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¢) removing the mask layer.

14. The method of claim 12 wherein the second etching sequence comprises:

a) forming a mask layer, having a signal line trench pattern overlaying the via pattern, on the
fifth dielectric layer and forming the mask layer inside the power line trench;

b) anisotropically etching the via pattern through the second dielectric layer;

¢) anisotropically etching the signal line trench pattern through the fifth dielectric layer
thereby forming a signal line trench, and simultaneously anisotropically etching the via pattern
through the first dielectric layer; and

d) anisotropically etching the signal line trench pattern through the fourth dielectric layer,
simultaneously anisotropically etching the power line trench pattern through the second dielectric

layer and simultaneously anisotropically etching the via pattern through the cap layer.

15. The method of claim 12 additionally comprising simultaneously filling the power line trench, the
signal line trench and the first via hole with a conductive material, whereby a triple damascene

structure is formed.

16. The method of claim 12 additionally comprising forming a second via hole, underlying the power

line trench, extending to the substrate.

17. The method of claim 16 additionally comprising simultaneously filling the power line trench, the
signal line trench, the first via hole and the second via hole with a conductive material, whereby a

quadruple damascene structure is formed.
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layers have similar etching characteristics;
d) simultaneously anisotropically etching a power line trench and a via pattern through the
third and second dielectric layers, in a first etching sequence; and
e) anisotropically etching a signal line trench, overlaying the via pattern, through the third
dielectric layer, and simultaneously etching the via pattern to the substrate thereby forming a first via

hole extending from the signal line trench to the substrate, in a second etching sequence.

19. The method of claim 18 wherein the first etching sequence comprises:

a) forming a mask layer, having a power line trench pattern and the via pattern, on the third
dielectric layer,

b) anisotropically etching the power line trench pattern through the third and second
dielectric layers, thereby forming a power line trench and simultaneously anisotropically etching the
via pattern through the third and second dielectric layers; and

¢) removing the mask layer.

20. The method of claim 18 wherein the second etching sequence comprises:

a) forming a mask layer, having a signal line trench pattern overlaying the via pattern, on the
third dielectric layer and forming the mask layer inside the power line trench, and;

b) anisotropically etching the signal line trench pattern through the third dielectric layer
thereby forming a signal line trench, and simultaneously anisotropically etching the via pattern

through the first dielectric layer.

21. The method of claim 18 wherein the first and third dielectric layers comprise one or more

dielectric materials selected from the group consisting of amorphous fluorinated carbon, organic
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spin-on materials, spin-on-glass, aero-gel, poly(arylene) ethers, fluorinated poly(arylene) ethers and

divinyl siloxane benzocyclobutane.

22. The method of claim 21 wherein the second dielectric layer comprises one or more dielectric

materials selected from the group consisting of SiO; and fluorinated SiO,.

23. The method of claim 18 additionally comprising simultaneously filling the power line trench, the
signal line trench and the first via hole with a conductive material, whereby a triple damascene

structure is formed.

24. The method of claim 18 additionally comprising forming a second via hole, underlying the power

line trench, extending to the substrate.

25. The method of claim 24 additionally comprising simultaneously filling the power line trench, the
signal line trench, the first via hole and the second via hole with a conductive material, whereby a

quadruple damascene structure is formed.

26. A method of forming a structure on a substrate, the method comprising:

a) depositing a first dielectric layer on the substrate;

b) depositing a second dielectric layer on the first dielectric layer;

¢) depositing a third dielectric layer on the second dielectric layer, wherein the first, second
and third dielectric layers have similar etching characteristics;

d) simultaneously anisotropically etching a power line trench pattern and a via pattern
through the third and second dielectric layers, in a first etching sequence; and

e) anisotropically etching a signal line trench, overlaying the via pattern, through the third
dielectric layer, and simultaneously anisotropically etching the via pattern to the substrate thereby
forming a first via hole extending from the signal line trench to the substrate, in a second etching

sequence.
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