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I nvention The present invention relates to sem conductor nanufacture. %bre
particul arl t he present invention teaches a novel nethodology for form ng
dual da‘ﬁ'ﬁ&%@%é‘ structures in seniconductor wafers incPCRIUSHY18R6 | east one
low -K 5 dielectric |ayer. Background of the Invention Integrated circuits
use dielectric layers, which have typically been formed fromsilicon

| R A .

fAoihe di st ances between the

10 conpact, operating & L LT Y )
. conductive lines within the sem conductor device decrease, This introduces
an increased |evel of coupling capacitance to the circuimmmmmwmmmumm t he
drawback of slowing the operation of the sem conductor d ! fore,

-it has becone inportant to wuse dielectric |layers that are capabke of
effectively insulating conductive |ines 15 agai nst such increasing coupling
capacitance |l evels. In general, the coupling capacitancepy | rat ed
circuit is directly proportional to the dielectric consMMﬂmmnwmmmmMFhe
material used to formthe dielectric layers. As noted abovg, the
dielectric layers in conventional integrated circuits have %ragitionally

been fornmed of Si 2, whi cRidldvfahélavestiohCc constant of 20 about 4.0. As a

consequence of the increasing Iine densitles and operating
The present invention relates to semiconductor manufacture. More

particularly, the present invention teaches a novel methodology for forming dual
) damascene stroctures in semiconductor wafers including at least one low-K
5 dielectric layer.

Backeround of the Invention

Integrated circuits use diclectric layers, which have typically been formed
from silicon dioxide, SiO,, to insulate conductive lines on various llayers ofa
semiconductor stucture. As semiconductor circuits become faster and more

10 compact, operating frequencies increase and the distances between the conductive
lines within the semiconductor device decrease. Thiis introduces an increased
level of coupling capacitance to the circuit, which has the drawback of slowing

! the operation of the semiconductor device. Therefore, it has become important to
use diclectric layers that are capable of effectively insulating conductive lines

15  against such increasing coupling capacitance levels.

In general, the coupling capacitance in an integrated circuit is directly
proportional to the dielectric constant, X, of the material used to form the
dielectric layers. As noted above, the dielectric Jayers in conventional integrated
circuits have traditionally been formed of Si0O,, which has a dielectric constant of

20  about4.0. Asa consequence of the increasing line densities and operating
frequencies in semiconductor devices, dielectric layers formed of SiQ, may not
effectively insulate the conductive lines to the extent required to avoid increased
coupling capacitance levels.
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frequencies in sem conductor devices, dielectric layers fornmed of Si 02 may
not effectively insulate the conductive lines to the extent r%duDESdmﬁlp
avoi d increased coupling capacitance levels. -1 1 DEC 2004 WO 02/03454
PCT/ USO01/ 18626 In an effort to reduce the coupling capacitance |evels in

i nt egr a3 ¥uits, the sem conductor industry has SEFHHBHIYH research to
devel op materials having a dielectric constant |lower than that of Si Q2,

whi ch mat eri ah gn gt 16 YecdudditR chilling 8sabifined 10VeT: MnieBRitedi BLitd feC | ayers in
integrated circuits. To date, a nunber of promsing 5 materrals, which are
sonet | nasgmlcen@wtowdmrms'mm«mmemhm%vqlomm@nbgémmaevel oped. Many of

these n ' ' I ki C | |ng class of

or gani c%&%—uﬁl %%%tédrt?%r% t%rngﬁ%%%%hvgﬁs@?#gﬁé ﬁ%]f; %%dég%gﬁog?% i|;&c ate glass. By
way of émgf i thcdiblebl ltri@di)}ctsiimiﬁtegﬁtedlcmﬁh' Tu ) @icmbeéFpromlisitigect ri ¢s i ncl ude
CORALTM from Novel | us of San Jos CA Bl ack Di ndTM 10 from Applied

Mat ePi amtmgfhma@sama?mmfg%qgf@snw—?mﬁwﬁ VPR from Sumitono.
Chem cal Bm C tRe1édndds o‘;@m& | em conduct or waf er

pr ocessidng, fega?tﬁ%gp%?etagg%ém co%r uc orcgggd\y?g%&' have been defined in the
waf er using @t intienting closstaforgrnisdowFomateddls amg compewyisdncluding t hese

processes a phot o,res)st nateri L ke he _wafer and may
Phen be oxioBRlcdidef o7 bal Bt Setble, B SERR Mo Stelibatiffe 0, 2 201 O

gl ass plditletrich iriclude CORAITM fruin Novéllns ofSumIbst; CAL Biick Diagemit™t ri es that bl ock
of £ Bt | FOmCRPTIoR Biaarikes SoRia Chih b SURIA FHEL. ByeRsele BB K 11 | m such

e i ' » il msuch as
CORAL TMgg hfibiad chakf 'm%ﬁzggyg%tﬁggﬁ%cri teria including etch 20 rate,,

pﬁofi | e control, selectiv ying materials as well as critical
d? mensi on ( CDpringseticeductorovafenyinoaessing featuves-of theiseiiaondiatondevisei al s was at

L™ CBREEN ka0 e b SR Sl Gl iz o ThT
these processes a photo resist material may be deposited on the wafer and may then be
15  exposed to light filtered by a reticle. Ths reticle may be a glass plate that is patterned
with exemplary feature geometries that block light from propagating through the
reticle.

The development of an effective etching process for an organosilicate glass
low-X film such as CORAL™ should take into account several criteria including etch

20 rate, profile control, selectivity to underlying materials as well as critical dimension
(CD) control. The etching of low-K dielectric materials was at fixst approached as ifa
silicon-based dielectric were being etched. This has not proven particulatly éft‘ective,

) as with organic low-K filmas the chemistrios and processes needed to effectively etch
the material are substantially different than those for traditional silicon or silicon

25 oxide eiching. This has proven even more problematic for the etching of
organosilicate glass low-K films.

Organosilicate glass low-K films are often etched using etchant gas flows of
similar chemical corposition to other materials used in the semiconductor
manufacturing process. This can render the manufacture of such devices difficult.

30 One stracture which has proven difficult to implement in wafers with small feature
sizes and high feature densities while implementing organosilicate glass low-K
dielectric films, is a dual damascene strucfure. Such dual damascene structures



as with organic lowK filn the chem stries and processes needed to
effectively etch the material are substantially different than3dth@e Hm
traditional silicon or silicon 25 oxide etching. This has proven even nore

probl ematic for the etching of organosilicate glass | fi .
O ganosiWP8HPHY| ass | ow K filns are often etched usi ng%%gkﬁggas fl ows
of simlar chem cal conposition to other materials used in the

- seni condygh@é miMéUnﬁ@&!hz&rﬂdBﬁ@sﬁﬁ&ev%it@ 160ide eRoiies] dofisectivitytbact ur e of
such devices difficult. 30 One structure ichatﬁhﬁzs proven difficult to

i npl enmengn wndexizing electripally conductive faatingy epecizlyasm i Peat ure densities
while inple ] ] L : i Sstiubtufs, 1S a dual
danascene str %ﬂ?g&gﬁgﬁl&%@%&%cene %%9&;&@%&3 1 DEC 2004 WO

* 02/ 0345 4y fikidh/a\vriidr] Wh&r 6t least partief thedamuseene isfopoed willin 2 lewd one “or nore vies

to provide electrical ,connectivit o .an underlying electrically
_condutt i ereanosilicate glassdipleetyic, Whjle s avwa*ﬁws&g%%ﬁ&%. av&ﬁ?nsi% desired is a
" et hodol ogy f fs i Barstd ifpleticatediisinBi N a waf er,
gég%@ﬁn;%@aﬁﬁmasgﬁwﬁm arPd i B

where at | eas mascene 1S formed within. a lowK 5
or ganosi dxisting equipment add eheptistriess whiliieliably frming e dugl dampycervilidnt ure si ze

and densjty. at is finally.desirable is a methodol ogy which can be

i mpl emn@%ﬂ%‘%&&“"&%‘gh’“ﬁ%%ﬂ MBfrent and chenistries, while reliably
fornming the dripke SAGHSE adenibgésvfthe préventingatios will beromegppaent] ow K
dielectric. These and ot her advantages of the.present invention wll becone
appal@ntuponaeading the ollgwing detetled Fﬁ%oﬁﬁa@e?‘me ﬁ&%f&“ﬁﬁg%%foand st udyi ng
t he variﬂgm‘;{iggr es of the Drawing. } ) -3 3 1 DEC 2004

)
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WO 02/ 03454 PCT/ US01/ 18626 Sunmmary of the Invention in order to acconplish
the desired advantages, previously discussed, the present invin't ID%@a
_teaches a nmethod for form ng a dual damascene etch structure inh 'a 2@(‘
where the wafer includes at | east one |ayer of organosilicate gl ass

di el ectwigmz/e®sahe novel nethod taught by the present PEI/BHMIBAS| ncl udes t he
steps etching through a nmjor portion of the organosilicate glass '

dielectric utilizing a fir | ow s ﬁcti\{,i % etchant. This etching step
| eaves a very smal |l remai ndH2 ' anosi licate glass
dielectric atop the barrier layer. Thereafter, the present invention uses

it second, i) Rebihdtnedhariavictasss, pitvivl diftasseytaé nder por L on of
the organosilicate glass 10 dielectric. -4 3 1 DEC 200, WD 02/ 03454

PCT/ USO preddi R erBion déactessonethed fon fooning p dushdampirgnesieh ppIcBTe Hif| et e

under st andi ng of,. t he_present .i,nventi i :£0 t he
accomaﬂﬂ?{%ﬁm W@feFch‘ﬁgsﬁtc}F?sg °r%"§gb%1{ogéﬁ%é%ﬂ§§g g?fsp@gﬁn%f t he .
Pref gr r g fFivapsbtiBdagght!by theResdhidivesition fclbde the steps ewchingtbrougleas f | owchart of
a two-stage via etching process of, the resenhs'i venti gn..i npl ementing a
"vi a- f i nejor pertionofthe sreangsiliGaieglasy diplsctdc pllzREA, ?Wéﬂs‘*g“é%odi ment of the

present jnv i+ j !Iglgﬁg' E‘W ii8n OF f2 orstinOsiBcatd a- f 1 r st dual
damsceﬁggﬂﬁww S gésc%%o s-section fﬁ?&gggh an e%maln%l e wafer stack
after dgpastidleaic aép the bifieplaytro Toereafter, the preseninyentipningesp sccond,
cross-section-t.hnrqugh t exanpl WEHG ing of an
ant i r ef }¥¢¥ WQ“E’O%WI%@W”ﬁaé&%{ﬁgﬁﬁlg&gg@gtﬂ I on %eﬁér%gh t he.

exanqpl egieRtgk. stack following etching of an antirefleetive coating |ayer
and a cap | ayer.

)




15 Fig. 6 is a cross-section through the exanple wafer stack foll ow ng
etching of an antireflective coating |ayer, a cap |layer, a firs?i 200
dielectric layer, a trench stop |layer, and nost of a second die ecPFFc

| ayer, by nmeans of a first |ow selectivity etchant. Fig. 7 is a
cross-sé&?ﬁyﬁu@hrough the exanpl e wafer stack of Fig. BCT¥M{IBE ng et chi ng
away of all the second dielectric |ayer by nmeans of a second, 20 high
selectivity etchant. Fig. 8 is a cross-section through the exanpl e wafer

stack of Fig. 7 foll ogﬁagﬁ: . ﬁﬁ%mr%ﬁﬂgi rst photoresist |ayer.

Fig. 9 is a cross-sec fer stack of Fig. 8

followwng d It o) | Fig. 10 is a
Cross-secti O%B?%Iro%)éu‘gﬂn@%%&%xanp i@g&é@é?fe%%%%e%@éﬁ?egfﬁ%be#%l |l owi ng the

" second ahnadsitotheatcdrhprnging Dravihgint the/following iDetailed Pescriptibn 8f the DEC 2004 - WO
02/ 03454 PCT/ USO1/ 18626 Fig. ,11.is a cross-section through the exanple

.waf er st MLEF% : fEﬁBWW&‘g:the second etching of the antireflective
coating layer and the cap layer. Fig. 12 is a cross-section through the
exanpy e waf empjgs t 3€ kn brirViowilIo@ i f a Hes-sage i efthing padceé i@t i ref l ecti ve
coating layer, the cap layer, and the first dielectric 5 layer by neans of
the fir grescwhinvsption implementing @/ vadiststeh statesys a cross-section through the
exanpl e wafer stack of Fig. 12 following a second stripping of the

phot or esi st b&){g%’i ‘aﬁbach%fbﬁeanwmtéﬁﬁeb%eﬂt%@ﬂm inffentonaiip! € waf er
stack of Fig. ?o ow ng deposition of a barrier coating to the walls

t he vi a adwad-stagewiatetelt iotegevia-firstiduahdamasesme atgh. 10 away of the barrier layer to
expose an underlying structure. Fig. 15 is a cross-section through the

a1 ng has. Fiseo FEqOREuh GrobRE A Ra BRI B AN g BRI Or L T VT,

et chl0 photoresist layer.

Fig. 4 is a cross-section through the example wafer stack following etching of
an antireflective coating layer. -

Fig. 5 is a cross-section through the example wafer stack following etching of
an antireflective coating layer and a cap layer.

15 Fig. 6 is a cross-section through the example wafer stack following etching of
an antireflective coating layer, a cap layer, a first dielectric layer, a trench stop layer,
and most of a second dielectric layer, by means of a first low selectivity etchant. -

) Fig. 7 is a cross-section through the example wafer stack of Fig. 6
following etching away of all the second dielectric layer by means of 2 second,
20 high selectivity etchnt.

Fig. 8 is a cross-section through the example wafer stack of Fig, 7 following
stripping away of a first photoresist layer.

Fig. 9 is a cross-section through the example wafer stack of Fig. 8 following

deposition of a second photoresist layer.

25 Fig. 10 is a cross-section through the example wafer stack of Fig. 9 following
the second etching of the antireflective coating layer.
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Fig. 16 is overview flowhart of another two-stage via etching process of
15 the present invention, inplenmenting a "trench first" etch Sgé?tﬁgé Fig.
17 is a cross-section through an exanple wafer stack after depasilt Mt a
phot oresi st | ayer, and subsequent etching away of the first dielectric

| ayer, QPB4 | ayers overlying it. Fig. 18 is a cro®&TAS8VIS6 t hr ough t he
exanpl e wafer stack of Fig. 17 after 20 deposition of a second photoresi st

layer. Fig. #3 iBisd 6sR3&tioR BrbiPh the WxBMPIR vhdie sBRBPEE. Y olibwiigack of Fig.
18 after etchi ng_ away nost of a second dielectric |ayer, by means of a

first | twsseomde tof thecntrefleative Foaging yer and thewapdayesect i on t hrough the
exanpl e wafer stack of Fig. 19 after 25 renoval of the several |ayers or

appl i cat i onsygf Xy - %ggg %@r PCT/ US01/ 18626
Fig. 21 is aFlg?%)%E?tggﬂs??%cﬁB?ﬁrI@{%ﬁﬂct e 1>%arrp g%%{rogédnggﬁ of Fig. 20
f ol | owi segondietching 0f the amirefiective contng leyeatthacpptlayet, laad el first ditledttie vi a and
trench etches, and_ th tching . of the barrier layer to expose an.
undeSIyfaﬁﬁ%ﬁmﬁ#é?gﬁfg’W?%cgggYﬁ hart of one enbodi nent of the
present .invention which 5 inplements a two-stage via etch into a trench
first dual dEpeSGsaerosé-Gdetion fMedueh EeeRampIE Rl stablf 6fFig013 he sane or

equi val ent parts of the_invention throughout the several figures of the
Dr awi ngfollowmga serand shripping\abtienhotorssist layer/ US01/ 18626 Det ai |l ed Descri ption of
the Preferred Enbodi nents The foll owi ng di scussion of several enbodinents

of the Pr es o, 1473 § BlosBbctiod @R the\eRArhplt Waftr SBENSEFIECS foflbwing! M ng dual
damascene etch structures in warers
' deposition of a barrier coating to the walls the via and trench etches, and the etching

' ) 10 away of the barrier layer to expose an underlying structure.

Fig. 15 is a cross-section through the example wafer stack wherein a second
application of an antireflective coating has resulted in the formation of a plug at the
basse of the via etch.

Fig. 16 is overview flowchart of another two-stage via etching process of
15 the present invention, implementing a "trench first" etch strategy.

Fig, 17 is a cross-section through an example wafer stack afier deposition of a
photoresist layer, and subsequent etching away of the first dielectric layer, and the
layers ovexlying it. '

) Fig. 18 is a cross-section through the example wafer stack of Fig. 17 after
20  deposition of a second photoresist layer. '

Fig. 19 is a cross-section through the example wafer stack of Fig. 18 after
etching away most of a second dielectric layer, by means of a first low selectivity
etchant.

Fig. 20 is a cross-section through the example wafer stack of Fig. 19 after
25 removal of the several layers or applications of photoresist.



5 incorporating organosilicate dielectrics. The processes disclosed herein
are generally conducted within suitable wafer processing equip

i ncluding etch systens. Once such etch systemparticularly well zup’é%cﬁﬂﬂlo
practicing the present invention is the ExelanTM dual-frequency dielectric
et ch sysW&RAOEH4i | abl e from Lam Research Cor por at i on, PEr/smnss26C. O. Exel an
i s designed specifically to prOV|de advanced 10 processing capability.

Exel an' s ext [ nscene
structures a?ﬂé quggﬁg%%t%%cts Hﬁ&&ﬁp@gg@@%& d&lﬁé&oﬁr‘}vgﬂgetch in
doped adﬂpoahmmmerabemm%wﬂkofmeeiaaﬁdﬂeﬁ&etcﬁeé afidtheg now to Figure

1, an OVELMI ew of ess_of the ent |nvent|on is shown. The
present ?%W%’r?%%ﬁr aé’ﬁfotf’éx?‘bseéngﬁxﬁaww fyeyre.of seni conductor 15
“inplementations. In this exenplar,.a silicon substrate having a wafer stack
f or med thereRigl2233aﬂemimdofiﬁﬁemwdﬁﬁerﬁbﬂﬁkpieﬁshkﬂﬁeﬁxcﬁntwﬁl&%t one.l ayer of
.0sG dielectric, through which it is desired that a structure, for instance
a darhs dBREGEls adparstage yRetehipte @ troneh fist dugh damagcanp sichdarmscene structure be
formed. Accordingly, at step 102 a first, low selectivity etchant is
utilized to ﬁe%?eﬁc@hﬁﬁgas}éﬁtm@shh@ éal féﬁt&bfth%%eﬁ Jrost of the OSG
via dielectric, as well as through any Tayer etween the trench and via
di el ect rthieughon thg seysral igwas ofthegeawing.made from the first, |ow sel ectivity
etchant to a second, high selectivity etchant. Thereafter, at 106 the
remai ning OSG vi a di eI ectric is etched away. One enbodi nent of the present
i nvention contenplates utilizing the 25 previously di scussed two-step
etching process as part of a via-first dual damascene flow. The process of
~qne such enbodi ment is shown having reference to Figure 2. Follow ng
d)epositi on of the several layers of the wafer stack, at step 202 the via is
patterned using known patterning techniques, for instance photoresists.
Thereafter, at 204 the antireflective coating, or ARC, and cap |layers are
etched open. The term 30 antireflective coating, as used herein
specifically include bottomantireflective coatings, BARCs. Thereafter the
via etch, 102, is perfornmed as previously described having reference to
Figure 1. At step 206 the first photoresist which enabl ed



-8 3 1 DEC 2004 WD 02/03454 PCT/ US01/ 18626 patterning of the via is
stripped. At 208 a second patterning step is perfornmed which p tf ?E:;ﬁs @@
trench portion of the dual damascene structure. Again, this pat g
conducted according to known principles in the manufacture of

sem con®W@®E#84 i ncl udi ng but not necessarily |initeBCHESH8628pplication
of photoresists. At step 210 5 the trench antireflective coating and cap

are etched oppataifdiEDeeEN iona(;fﬁlte A rﬁmﬂ(;‘ﬁ gportion of the dual
damascene strUOTture TS etcheo. ﬂr%p%&mo%-phot oresist stripis
conducted to remove the photoresist enployed for trench pattern step 208.

Finally, at ste‘g“ozm the barrier is etched awa Thi s enbodi nent of the
present i nveFhe folowing fispusmien of sqvers] shodimanis,afifep DrEsCBIGAYENGRA r ef er ence t o

Fi gure there is shown
an exené A e lé‘%saas g‘%?%gtsr%@gg{rﬁgﬁcﬁé‘f% |nc?m§es a layer of patterned
![ohot 5)[] eincgﬁporaﬁng c&g?ﬂosmdatadmlecmckampmdesmﬂmleébelﬂaetehwtae gmdl![yg 4, I V\Qi chbi ?
urn has bheen pl i e e phot ores s include, bu
are speEondpeted T"&@- W"tf‘étcl’r°‘?eﬁs“8%‘l’é§5“l’6\7nb ‘@F@s‘ﬁ Sé’s"e’@%ebg%r ce for deep
UV phot gfcR31ch bstendpdiiGilarfy Well &ted toractibing MR préselit ibebationis tht - Cap layer 6 is

applied over a first dielectric layer 8, 'in"this exenplar a layer of

or ganosExslaa éud1f@nmy flislectsic evcénﬁymmgw&ﬁbleeﬁorb fem®Resedarelni t ati on  such

B Sck oEateBHif R S B i S5fenet Sl @ RVl oo 7 o
Al 1@d prot@sing caphbilityl Exska’sextedbive proctsSportiolio includes(all)dual/ai | abl e from

Sumtom) Chem cal 20 Anerica, Inc., Santa C ara, CA. illustration,
.b)at not daEpasGens StrusHIres: a4 avellas SERRCES, (ViR SRRGHn 2nd RassivARO t"@g’ H@”@se of SiN as

P l'aygfdSnd Bﬁﬁ@&&dﬁ&»@-ﬁdﬁ%}é@&m 10, separates the first dielectric layer,

8 froma sec -~ dielectric layer 12, again in this exenplar a |ayer of
or ganosi | i cdteiezdnganmtoflfzgwesumqmewnﬁthepmv;sg of the presenhinpntionch st op

R b 0 Bl ST el

seppy at ﬁ@leﬁm&ﬁdns In this exemplar, a silicon subsirate having a wafer stack formed
thereon is assumed. The wafer stack includes at least one layer of OSG dielectric
through which it is desired that a structure, for instance a damascene structure, and
more particularly a dual damascene structurs be formed. Accordingly, at step 102 2
first, low selectivity etchant is uiilized to etch through the OSG trench dielectric and

20 most of the OSG via dielectric, as well as through any layers between the trench and
via dielectrics. At step 104 a change is made from the first, low selectivity etchant to
a second, high selectivity etchant. Thereafier, at 106 the remaining OSG via dielectric

D

is etched away.
One embodiment of the present invention contemplates utilizing the

25 proviously discussed iwo-step etching process as part of a via-first dual damascene
flow. The process of one such embodiment is shown having reference to Figure 2.
Following deposition of the several layers of the wafer stack, at step 202 the via is
patterned using known patterning techniques, for instance photoresists. Thereafter, at
204 the antireflective coating, or ARC, and cap layers are etched open. The term

30 antireflective coating, as used herein specifically include bottom antireflective
coatings, BARCs. Thereafter the via etch, 102, is performed as previously described
having reference to Figure 1. At step 206 the first photoresist which enabled



dielectric layer 12 fromthe wafer structure beneath it. Again in
illustration but not Ilimtation, the present invention contenpl t’e§ he
use of SiC barrier layers. In this exenplar, the structure undetlly Eé 2004
second %Io%%f c layer 12 is the silicon substrate, 16, of the wafer.

Al 'so shown in this figure is an electrically conducti VRCHIM$R26 18, 30
formed beneath barrier 14. As used herein the term"netalized object”
refers t patterding ofthetvizlsestripped.alAt 208 wuReotdipaeni) 08B i serfoRabd Whiny.  but

speci fical ot limted éioth el ectrical interconnects, netalized | ayers,

and seni B o rench partion of thedual demaseene stryqtarenAgeis, thisgatieniagiing or di nary
Kill i : 2 - C 20 WO
ski | Nednlgeted’ d‘ceor&tﬁ%tzdé\ﬁ%oﬁfno}ﬁg{?lﬁge{s% fhe Hﬂ%ﬁ?ﬂ%ﬁ%ﬁm&c@fﬁ (

. 02/ 03454 PCT/ USO1/ 18 ! I enent equal™facility, be
i npl emenioglydiag by not weeessauilydinited o the kpplivationaff phéteresiafse it slp21@r i nci pl es of

t he e ' ' ecifically cont | a ngt only this alternative,
- but a S?ﬁffﬁ@é@‘ﬁ’%ﬁ%@?ﬁ@ggm@mgp %@Hﬁ%ﬁéﬁ@?ﬁ%ﬂw@%me to those
havi ng creicioportionsdfithe duial dinfisscexiel structbre T\ @clRd 2 APktep PISs6dbAS i n Figure 3
i ncludes _an optional trench stop |ayer, 10. The principles presented

herei n fhetorssistsin 15 cendisted te pusaayie ks hotorssist eraplpyeddforirenchpeitann i on wher ei n
trench disleet Ei i L ol | re formed as a single wunitary
| ayer of egizg?'eﬁlﬂygawl h%gﬁh‘??%%ﬁus*%gjaﬁgger 10. The met hodol ogy for
forming a diibis enhodimentaf the presentineerition fsfushes lithetthted bividg | | be | ater

P i e s e o e SRt beiobr i o

this enmiodiows &h exvhapldiGvafératRR] 100] Walitist22k 100 Aeluald Aaydt e plisnddeen formed in
ccordanﬁe with step 202 as shown in Figure 2. After pa?t erning at step

02, on&hYpresigh% Applicd aven ayen of aptirgfleptivgepatipg 4pwhichiinibwn basheen | n accor dance
Wt h On%{)ﬁéﬁfb% ggﬁgi tﬂ@%&g% Shetlid 4 5# ti.reflective
coating Tayer 4 %’g{ e'eﬁﬁiope y maﬂ{g&%?ﬁtgaﬁe i ﬁléﬁ%‘)tﬂign{ n this
exanpl e o dasp BiVihatoresisisn Ouwendohgce Soradeer UV photordsiztsdm ArcheCheasitdlyef coat i ng
| ayeg, [ LSt an I xtur,e of, Ar/ N2/, Q2i, has, heen utilized to
ol 48t 1 DBry KRR, Condeyet b wplindyer & i cilociio yer 8, s

exemplar 2 layer of organosilicate dielectric. By way of example, but not limitation
such organosilicate dielectrics include CORAL™ from Novellus of San Jose, CA;
Black Diamond™ from Applied Materials of Santa Clara, CA; HOSP™ from Allied
Signal of Morristown, NJ, and Sumika Film ® available from Sumitomo Chemical
20  America, Inc.,, Santa Clara, CA. Again in illustration, but not limitation, the present

invention contemplates the use of SiN as cap layers
: The trench stop layer, 10, separates the first dielectric layer, 8 from a second
J ~ dielectric layer 12, again in this exemplar a layer of organosilicate dielectric. Suitable
materials for forming trench stop layer 10 include, but again are not limited to TiN,
25  SiN, tetraethylorthosilicate or TEOS, or the like. A barrier layer, 14, separates second
dielectric layer 12 from the wafer structlﬁ'e beneath it. Again in illustration but not
limitation, the present invention contemplates the use of SiC barrier layers. In this
exemplar, the structure underlying second dielectric layer 12 is the silicon substrate,
16, of the wafer. Also shown in this figure is an electrically conductive element 18,
30 formed bencath barrier 14. As used herein the term "metalized object"” refers to all
such electrically conductive elements including, but specifically not limited to
electrical interconmects, metalized layers, and semiconductor elements. As will be
evident to those having ordinary skill in the art, the wafer structure from element 2
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Al ternative ARC etchants may be used to conplete the etching away of the
antireflective coating. In another alternative, an etching step gvgi @g
renoves both the 20 antireflective coating, 4, and the cap | ayer Heaq[h
t he opened portion of photoresist 2 maybe inplenented. The results of this
et chi ngwetoep34s e shown at Figure 5. A further alternBETVUWAEH26 be
contenplated with respect to this figure. According to this alternative

both thg i I Y& o &load) Or opened in a
single &’@%ﬁgﬂ%ﬁg&ﬁ%{}g%@ﬁgﬂgywbgmkﬁgﬁﬁ%gﬁﬁetc ant glwhi ch in one
step et ¢4y oPfbe wafty. Theprinciglesaf tHelpeesetit édvention spetifiydlysontemplateay er s

I nt erposed t herepetween, anpd the. c | ayer. i s contenpl at.ed. Havi ng

r ef er en8et oy this r@“‘?{"s?‘ﬁi@"?@f"{c@rﬁﬁ%ﬁﬁﬁ'ﬁis P‘TME‘F%& KARED, hcess  shown
at step ih?viﬂ bidhaEPiRl £ltREar, The | ow sel ectivity etchant has etched =
throughto]tgésg ayg?ﬂg‘, trench dielectric layer 8, optional trench stop | ayer

10, &nd nost Thefextmple peeserted inFiguehingludesangpiienal itrenehesien layer, 10. eavi ng a very

smal | r i nder portion, of. t he.vi el ect ki , and formng via
etch 20. ?_B'ch’i‘fsm# “@%ﬁ#&@?ﬁ?@ﬁ?@%ﬁ’“&%ﬁeﬂ* rgnnti ncl ude but are
not | i midvetiohWhitekd il didlectiic INAA CRliclduthid\2 42 fbrined andsindle/ N2/ COF6/ Q2. As
shown at A a thin |layer of via dielectri C#Z, ﬁ{?%feragﬁgét | ess than -10 3 1
DEC 200unitay aysr ofdislectric pithaptitrendissier a1 18 IP6AefipdeloeX iR ig® ™ &nd nor e

D1 f 1 2o ol Hiokic v itocii bl BORE 400N | 1 (N cness, and

nore pr I'n"a range of about 1000 to 2000 A in_ thickness
remapns. At Also showainFigure 3 isa loyenofpaerned photoresist i AlthisPoiHd pr esent

i nventiQn,. st 104 is erfor fhQunt s al tered
fromt hg'eifﬂgl‘,g&f ?1569 W%ﬁ?‘g SaAk a@.}l,% t{)(@ﬁs gﬁgﬁﬁ%}%?me .%y sel ective
el chant jnvEatRaheanrbrehalteai fopned iniaxdovdansce with step 202 ahshgiwnyn  sel ective for
organosi|icate gl ass, .and have . rel atively.little.reacti ith SiCinclude
but ar eFigBte% @FE%}""F‘B“&FW‘?Q@Q’ e o ?eﬂﬁﬁ‘yﬁﬁé . et%ﬂ‘ﬁ %gﬁstngn&,b\gst ep 106 is
perfor ”ﬁﬁjde%ﬁeﬁ T 4¥0rbastal wWithSele @6dh atternBiive) addhotvhak FiRumhi theavnay t he renai ni ng
t hi ckness of via dielectric . .
15 antireflective coating layer 4 hes been opened by means of an etching step. In this
example, an etchant reasonably specific to the antireflective coating layer, for instance
o mixture of Ar/N,/O;, has been utitized to selectively etch the antireflective layer.
Alternative ARC etchants may be used to complete the etching away of the
antireflective coating, In another alternative, an etching step which removes both the
20 antireflective coating, 4, and the cap layer 6 beneath the opened portion of photoresist
2 may be implemented, The results of this etching step are shown at Figure 5. A
. further altemative may be contemplated with respect to this figure. According to this
J alternative both the antireflective layer 4 and cap layer 6 are cleared or opéened in a
single etching step. In yet another alternative an etchant which in one step etches
25  away the bulk of the dielectric layers, the layers interposed therebetween, and the cap

layer is contemplated. |
Having reference to Figure 6, this latter embodiment enabled by the process

shown at step 102 is being completed. The low selectivity etchant has etched throngh
cap layer 6, trench dielectric layer 8, optional trench stop layer 10, and most of the

30  way through via dielectric layer 12, leaving 2 very small remainder portion of the via
dielectric layer, 12, and forming via etch 20. Low selectivity etchants suitable for
CORAL™ include but are not limited to mixtures of Ar/No/CF;, Ax/N/Cy/Fe, and
Ar/N,/CsFg/O;. As shown at A, a thin layer of via dielectric 12, preferably less than
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10 12 shown at Ain Figure 6. This etch step is stopped by barrier |layer 14
wth mnimal |oss as shown at 22 in Figure 7. Preferably, etch séj‘elthng's
conpleted with barrier layer 14 having a remnai nder thickness of 4at'| s?
400A. More preferable still, barrier layer 14 is left with a remaining

t hi ckneswao20530- 700A. Still nore preferably, barrier PCragewisbegs a m ni num
t hi ckness followi ng etch step of 1000A. O course, nost 15 advant ageous of

al | wou! Gndiichd %@g@%ﬁg{ﬁ%ﬁ@ﬁg&ﬁgﬁﬁgﬁe&a@ 1b8}cPatb@ fHog Process 1

is conpl ete. novel two-step via etch

net hodol dgiy thickngés; afmoreipesferablp stilpinexrade of boup 166E0I2000RENt | on are t hus
expl ai neﬂii Assﬁgrev.i ously discussed, trench stop |ayer 10 and barrier 14
are ofte qkge ‘?P“B?sl dentical, or at least chenmically 20 sinmilar materials,
i ncluding, bukt titpotrt fH the YialeRhlsh abdoRMhOtothy prdbca® HveRfnSitép 168s et chi ng
step sufficiently’insensitive to the presence of trench stop layer 10 is

not wel | perfrmpdand the etbhant gasiflowsig alteredirons theofirst, kow seleetivitgnetehantito as t he

““trench stop |laye Ll Zi,n ch ' ILLive e . 3l he way to the
bot t om of® °ﬂ%£§%1yes€icg%hvs°t°?%h3%u?@J‘m?%%%f%%g“nts\)éér flgt'e%e%wrﬁfcgﬁk%m #Eﬁ?he hi gh

t hr oughpgiectivcior agatosiicenlas rdbad rélytivieyditils reAbtichemitc Siivciude

manuf acturers, of conpletely etching through barrier 14 and iinto the

st r uct ur &% are noplpifedto raprtuxes o daiNg/ ol d npigalfeg, Sien 10648 performed ithnst ance
i ' ' i . L bi ;
1) ot o A A S <

tall1c 1ons, 1ncluding copper
and @d0ppkY shown st AnmFigetecim Thisetehhstep is stoppedi bytbarriea layeebwithminiokl t r ench
dielectric 8 and vi.g.dieleciric.1 S J kn t g,.t.hose 30 havi ng
“ordi nar yl°§slasls€°vﬁ1mtzﬁé“ gﬂ‘f‘%‘ r#‘gfmégr @%ﬁnﬂ%ﬁo‘ﬁ Wﬂﬁl\é%fl@fl@cqaweé |l ayer with
net al | i Clayes QU BMHAES remaitiet hickGesd Uf atnieiist 40041 Mrdle preferatidpetll, barrieppper bearing

conpounds, can . destroy the transistor effect which is the entire purpose
of e a4 Iek B Romuns YO ATAUe: 190 A Srllzacre profersl dmin0: "o

02/ 0345 £ | ' wafer 100 is
R BB ok RoVBEEAEES R R000K 6F G, Bost

shown fo .
15 advantageous of all would be no loss of barrier material at all. At this point, process 1

is complete.

Some of the advantages of the novel two-step via etch methodology taught by
the ﬁrinciples of the present invention are thus explamed. As previously discussed,
trench stop layer 10 and barrier 14 are often formed of identical, or at least chemically

20 similar materials, including, but not limited to the previously discussed SiC. An
etching step sufficiently insensitive to the presence of trench stop layer 10 is not well

) stopped by barrier layer formed of the same material as the trench stop layer.
% Utilizing such an insensitive etch all the way to the bottom of the via etch structure

runs the very real risk, in the high throughput etching systems-demanded by today's

25 semiconductor manufacturers, of completely etching through barrier 14 and into the
structures, features or elements underlying barrier 14, for instance metalized object 18.
This disadvantageous condition could enable the unwanted diffusion of underlying
metals or metallic ions, including copper and copper ions, not shown in this view, into
at least one of trench dielectric 8 and via dielectric 12, As is well known to those

30 having ordinary skill in the art, this "poisoning” of the dielectric layer with metallic
compounds, including but not limited to copper or copper-bearing compounds, can
destroy the transistor effect which is the entire purpose of the manufacture‘ of the .

semiconductor device.
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conpl etion of step 206, wherein the first photoresist |ayer has been
renoved fromthe wafer stack. Thereafter, as shown at Figure 9, 3thdkG @bich
portion of the dual damascene structure is patterned by the application of
a second photoresist layer, 30. 5 This corresponds to step 208. Again, the
et chi ngwoleo3s§h refl ective |ayer coating 4 and cap |BGEES188G8y proceed
according to the etching nethodol ogi es di scussed above. These

met hodol ogi Zﬁ%‘hﬂé%}eg%&cgg&,g . ggg‘{v&%eg&ﬂys%& ; lovidk ifeef | ective coating

| ayer 4 is one as shown I gure e strategy where
ant i r ef tonapletion ofgzp 206 whéreanitle Gegbphoigresist 1§/enhas be¢miendvedfjanlilr , as shown at

Figure 11, or .t strate where th 0 etching of .the antireflective |ayer
coat i ngWafer gtagk. | g,,asgﬁquq?t %ﬁegité‘fﬁm"ﬁﬂ’emgﬁﬁgweguﬂare conduct ed
si mul ! 2 %gﬁﬁ&m@ﬁ%ﬁ&ﬁéﬁ by thB Spplieatidn! False@hd BRStobik G/ . | S shown at

Fi gure corresponds to step 212. At Figure 13 there is shown wafer

100 3 ol Thisicorespérsls $a step?OBn drgein, thia etcbing dirdughrnilective kivertcoptingt | 30, -

correspondi ng to step 214, 15 .At F . f . wn follow ng the
conpl et?ngr?a%ﬁ‘yﬁﬁr‘ssr‘?"éjropr%ma%?rgﬁgt%&%%{%ﬁgéﬁégﬁoeﬁi?gerg 9‘5’?"‘% chant gas mi xtures
| ncl udegbobel Thescameahbdoldgits fthde the shetefywhétbyBeithéf anticeflective cogtingir ough barri er
14 at B, an electrically conductive barrier coatingq 2 1s _aé)pl led to the

. : 4
sur f aclyafis eighad aloneigs BwwaatFiguze 10, the sgjegyrwhere putixelecBye.cqatibe { or ned of
TaN, al gﬂuogg +Eifeltd SRMAUE FS abs W @ materials
wel | kn%wn t Igﬁgim.ﬁgw ngtégggigli-’)ré\%ry sthquIigﬁiFenﬁf Eﬁ{a‘!hgﬁttr&ér%; ]f)%eglubst i tuted
t hetGef cetchiny oftthe antivefientive layee cantiap 4 apdayceh and trebchaliclentiellayer & he present

i nvention i conpl eted i.n accordange w th s i zed obj ect
18 may %‘é“@%@‘é’?‘?ﬁg‘é‘fwu%rﬁéﬂ'wg erfﬁ%%tgnto%c%gﬁg‘?“ﬁcpggic%ﬁ%?l formed in the
dual doyipsre S SwEiEK Corfesonletd skep 212he-princi pl es of the present invention. 25
Anot her enbodi nent of the present .inventi,on_is ,contegglleat ed .havi ng

reference t dhtiigue &3 Q’!Fe ’Wwﬂ'diom"_%tb@ RsPREE S _rfE‘f‘ngol ogy for
The. r erhsrete Bt S0 Lo bl s 218 L er 2 at SLripping Steop 206, Where
t hi 5 si t uat iAtFigue i4 wafen i) 4 shows follpwing thecomplstiprpf bemsiagietohistepant i ref | ecti ve
coati ng, | axel il Perib ol Ent ToY mBfureS MRAaL Bt ard fioAkmited to
At/CF4/CHF3. After eiching through barrier 14 at B, an electrically conductive barrier
coating, 42 is applied to the surfaces of trench etch 40 and via etch 20. This is
typically formed of TaN, although other electrically conductive barrier coating
20 materials well known to those having ordinary skill in the ait may be substituted
| therefor. At this point, the dual damascene etch enabled by the present invention is
) completed in accordance with step 106, and metalized object 18 may be electrically

J connecied by means of an interconnect formed in the dual damascene etch enabled by

the principles of the present invention.

25 Another embodimment of the presenf invention is contemplalted having
reference to Pigure 15. This embodiment contemplates a methodology for minimizing
the 1mwanted removal of antireflective coating 4 as a result of the removal of the first
photoresist layer 2 at stripping step 206. Where this situation occurs, and it is
necessary to replenish the antireflective coating layer, the layer may be reapplied, as at

30 52, and the second photoresist, 30 applied over newly deposited antireflective coating
layer 52. The deposition of antireflective coating layer 52 results in the unintended
deposition of a plug, 54, of antireflective material at the bottom of via etch 20. Plug
42 is advantageously etched away during the trench etch step, 212, previdusly
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30 52, and the second photoresist, 30 applied over newy deposited
antireflective coating Iayer 52. The deposition of antireflectiye gggtz'm]g
| ayer 52 results in the unintended deposition of a plug, 54, of
antireflective material at the bottomof via etch 20. Plu 42 is

advant ag®Of303#5¢t ched away during the trench etch stepl,’cﬁ'%ﬁ(!mﬁ@évi ously -12
3 DEC 2001 WD 02/03454 PCT/ US01/ 18626 di scussed, or nmay be renoved when

second pAR&RERISbrhayk rbovedwHR 86bond\bhdtsreat 36 ¢ gﬁﬁgm@. AfBARAldy.et ch step
utilizing a flow of Ar/N2/02 may be 1 npl enented. Yet another ‘enbodi nent of

t he presesrparanaiel steptiligne o flom of Ax/No/Qughay Hedpplemetted.or ganosi | | cate
o Sct 1 S0 ol SRl ek g b

enbodi nent, the TSotropic etc renc er a

" pr edet er oigmsdiliogte dietkctic, udsepieated Wi irénch gtop Myérh dn fermiegthisn of the trench via
etch structures. The previaqus, di scussions have centered about. gne

_enbod nembqslmméhwegm ok G o e pped ?ﬁeerﬁ@reﬂp@r@ﬂe&m@wflpz of the

dual  dangse eaRip G the SorkflibP6 RE reR BNV & diGctidegNCh etch 106. This

enbodi nent i npl ements a so-called "via first” etch 10 strategy. In

di stinction t¥hepeavious discussionskave cénteredatiovhong eobodiment ofthe preserd st r at egy

whereby the trepch.etch step, | or. first. This so-called

U r enc -y eaebh SERih e B Bich 0P SE MR drndshlle ol Berfibl | 1 i e 202 a
first | coyfoieiRaiehot étptel 0o ahis entbodinkdnk iglerhdntssd sthcdlled Ovigirdthetch
organosilicate tyench dielectric as,wel| as any Iaéers bet ween the trench
and ¥ a Wew-m%.thﬁﬁms presqnd inveption.afse coptgmplates astrateB¥d for the via
etch st Mgstﬁe oAl ic e ' in using the
first, Ievghvsrs Iecﬁn\‘/’fﬁ?@hﬁéﬁﬁ r???ﬁéb\e?r%tgtép Osg%gnéfc%gﬁ%{e)ﬁ[lsgﬁéaﬂae fromthe
flrst, |strategylissmmarized attfigwel. t o t he second, highly selective etchant.

et chea uti 1 13k AR el RBRY plul BERGR e ERIRE S 11 S0 i e

trench angmvkiticalirétich ditleotrizs hell as heclayces bddwetnithé tierichandwdfacr . These st eps

A S ectuids, AT biop 304 the awalit s o patierant for 149 via 616k ssp. Most O Mecia 22
is etched away at step 306 again using the first, low selectivity etchant. At step 308 a
change is made from the first, low selectivity etchant, to the second, highly selective
etchant. Thereafter, at step 310 the remaining organosilicate via dielectric is etched
utilizing the second highly selective etchant. At this point, the trench and via

20' structures have been etched into the wafer.
These steps are further illustrated having reference to Figures 17 through 22.

(

Referring now to Figure 22, the process steps of this embodiment are shown. At step
’ 400 the trench is patterned, for instance by the deposition of a photoresist layer.
Thereafter, at step 402 the trench antireflective coating and cap are opened by etching.
25 At step 404 the trench is etched utilizing a first, high selectivity etchant, which etch is
stopped on trench stop 10. Thereafter at step 406 the via is patterned by the
application of a layer of photoresist applied to ﬁe bottom of the trench. Following
deposition of the via pattern at step 406, the via is etched at 408, again with a second,
low selectivity etchant. Thereafter at step 410 the photoresist applied during at least
30 one of steps 400 or 406 is stripped, utilizing known photoresist stripping
methodologies. Finally, at step 412 the barrier is etched.
Referring now to Figure 17, a wafer stack 100 has been formed, and trench 40
etched therein wiilizing a first, high selectivity etchant. As previously discussed with
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Referring now to Figure 22, the process steps of this enbodi nent are shown.
At step 400 the trench is patterned, for instance by the deposi&ﬂoﬁE@fgw
photoresi st |layer. Thereafter, at step 402 the trench antireflective
coating_and cap are opened by etching. 25 At step 404 the trench is etched
utilizi NP %PB#¥st, high selectivity etchant, which et ERTUSO86%pped on
trench stop 10. Thereafter at step 406 the via is patterned by the

appl i catrespactad asvthienpabodixhentiod thepesbm tnveptidn, te steps wherebpt t om of the trench.
step 406, the via is etched at

Fol l owi ng.. deposition of the via patfern at

408, agaﬁ%ﬂ“’af?{t!’(eﬁ"@&&m W?R)W%Eé’é‘i?%??‘*ﬁ@ﬁ§ﬂ?“%%%f at step 410
t he pho | &%t’\gféjet%% ; r 406 is

stri pped, ut |ela};vg| ng Known p %%6?%&@?§g¥%ﬁéﬁc§mgﬁﬁﬁgg%ﬁ%%&tgs. Finally, at
st ep 412Zidhing theasevérellayess sinultendousie (Thisrdorrgsponds to steps 400 throbgh 404 waf er st ack

100 gas been ft .rredzzand trench 40 etched therein utilizing a first, high
sel ecdt i WLOVRE ®<*As previously discussed with -13 3 1 DEC 2001 WO.

02/ 03454 PCTHAQE kb6 nbW P Bigire 18, AR08 an®A0WSE RN, At stepaogr esent

i nvention, the steps whereby antireflective coating_ |ayer 4, cap |ayers 6

and t r e EPIORsiSh Zi strippedgagpreviepsiydiscusied. Héstep a6, 8 serond apRlivationsefngl e et chi ng
step, o ' I 2k [ g“ﬂ%;h : %1?)5% ' t he several
Iaygrs ?P%#?ﬁ%@ﬁ%l@ﬁ#ﬁ?geggﬁ@gsdgon set{bgwgl?gg% 0 ?Hl?l(t)[ﬁgL&204 5 a shown
at Fi gunofth2 2ualldamasceneretthermebied by the/ptinciplegjofithe résensnvgstion05 and 406 are
shoywp. At st 405 hot.oresi st 2.1S..5tr 1 pped, .as previ, . I scussed. At
ctoiBio6. o Bllioumie deBpRbcHStnbRtopsist S00p s AR e VR SRR 12,° 7 0 o

bot t om @f etdtied By, 4hin ¥lizEdY thefitsE 16V sdléttivity aci@t lak SiowiPdt Figie tslal danmascene

r

etch enabl ed by the inciples of the present invention. 10 Foll ow ng

deposi t {Tbis stsp, qorreronding tn stqoi9s, leates pippoiion 9byipidinlecic 12 M placepbliric 12 is
at P guiovig e il i, “Anlol ot i ctebb ey fpthbiadpall | B, OO0
vi a di eprevionsly dibéussed. pl ace at A following the etching step. The anount  of
vi algi el ect r'bvcl:thrreefg%{mry no% tlo%lgsmug Eé,ae%i e.lp |488,as§cond photoresist strip step

410 has been performed, removing photoresist 300 from the bottom of trench 40.

At Figure 21 barrier etch step 412 has been completed, removing bartier 14
from the bottom of via 20. Thereafter a layer of elecirically conductive TaN barrier
coating 42 is applied to the sidewalls and bottom of the completed dual damascene
20 etch. The dual damascene etch is now complete, and the further deposition of
electrically conductive elements may proceed. This is typically performed by laying
down Cu seed followed by Cu deposition/fill. '

The present invention has been particularly shown and described with respect to

25  certain preferred embodiments of features thereof. However, it should be readily
apparent to those of ordinary skill in the art that various changes and modifications in
form and detail may be made without departing from the spirit and scope of the
invention as set forth in the appended claims. In particular, the principles of the
present invention specifically conteraplate the incorporation of one or more of the

30 various features and advantages taught herein on a wide variety of semiconductor
devices, and further contemplate the implementation of 2 wide array of layer
compositions, appropriate etchant chemistries therefor, etchant flow rates, etch times,
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previously discussed. 15 Wth reference, now to Figure 20, etch step 408,
second photoresist strip step 410 has been perforned, renoving p@otqﬁgsbﬁt
300 fromthe bottomof trench 40. At Figure 21 barrier etch step 412 has
been cong;etfq renoving barrier 14 fromthe bottomof via 20. Thereafter
a layer SPOBOM i cally conductive TaN barrier coati n§CHBSN486%6pI i ed t o
the sidewall s and bottom of the conpl eted dual damascene 20 etch. The dual
damas cengegetiod webst] presyutes) EidPlRmapoertltrlsl Bathef theleRRahhtivenisof el ectrically
conductive elements nmay proceed. This is typically performed by |aying

down cu SeReHicely qopiceplated by the eridples of therpredent invemtionr esent i nventi on has
been particularly shown and described with respect to 25 certain preferred
_ enbodi ments of features thereof However, it should be readily apparent to
those of ordinary skill in the art that various changes and nodifications
in formand detail nmay be nade w thout departing fromthe spirit and scope
. of the invention as set forth in the appended clains. In particular, the
principles of the present invention specifically contenplate the

i ncorporation of one or nore of the 30 various features and advant ages
taught herein on a wide variety of sem conductor devices, and further
contenplate the inplenentation of a wide nmay of |ayer conpositions,
appropriate etchant chem stries therefor, etchant flow rates, etch tines,
-14 3 1 DEC 2 WD 02/03454 PCT/ US01/ 18626 reaction vessel pressures, and

pl asma power |evels. Each of these alternatives is specifically

contenpl ated by the principles of the present invention. -15 3" 1 DEC 2004
WO 02/ 03454 PCT/US01/18626 | . A nmethod for forming a dual danmascene etch

. stiructure in a wafer, the wafer including a |ayer of organosilicate gl ass
di el ectric, the nethod conprising the
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steps of: first, etching through a major portion of the organosilicate
glass dielectric utilizing a first, low selectivity etchant, éhg@ | r?&
“etthi ng step | eaving a renminder portion of the organosilicat UES s 2004

di el e ?, s@nd second, etching away the renai nder pefhispinssts t he

organ05| Icate glass dielectric utilizing a second, highly selective
etchant. 2. The nmethod of claim| wherein said wafer further includes a
netal i zed object beneath the organosilicate glass dielectric, the

netal i zed object and the organosilicate glass dielectric separated by a
barrier Iayer the met hod conprising the further step of: subsequent to

t he secqnd e ik th@arrier layer to

t he net Ilze 'F ‘{%}?@m% ﬂapgﬂﬁ%&gf#g%ﬁg of t{gnglg?r‘%mi wherein the maj or
porv{.df@rinaad;ﬁ@elayaraj@rgmohhw yasglmgmm,&eemthqdccomlﬁmﬁhfcorrprl ses a trench
dielectric and nost of a via dielectric, and remai nder portion further
corﬁPPFQfés a remai nder portion of the via dielectric. 4. Tice nmethod of any

. of clainms 1-3 applied,to the for dual damascene
structure on%W-\&%WP%QWbé n31°§%?“‘%°’%%3wé‘?“i4é‘§ﬁu reflective coating
anddné}erql?cpmh B¥Ra SO0 |dveskicvivity Etblﬁannmgaﬁl@eutélmtgamqa lghvdsga di el ectric layer, the

urther npri sin prlor‘htothe &lrst etching. step, the steps of.

patrbmmndﬂg)oalomoﬁﬂlﬁrf’fﬁﬁ’és‘?% gecti® @ i t h a photoresist; and etching
open the antireflective coating and the cap |layer. 5. The nethod of claim4

U1 ppi ng t hesgb i ety sremae for i R FERRR °' 170ec 2004

dielectric utilizing a second, highly selective etchant.

)
| 2. The method of claim 1 wherein said wafer further includes a metalized

object beneath the organosilicate glass dielectric, the metalized object and the
organosilicate glass dielectric scparated by a barrier layer, the method comprising the

further step of: .
subsequent to the second etching step, etching through a part of the

barrier layer to the metalized object.

3. The method of any of claims 1-2 wherein the major portion of the
organosilicate glass dielectric fusther comprises a trench dielectric and most of a via
dielectric, and remainder portion further comprises a remainder portion of the via
dielectric.

4, The method of any of claims 1-3 applied to the formation of a via-first
dual damascene structure on a wafer further comprisihg a layer of antireflective
coating and a cap layer applied over the organosilicate glass dielectric layer, the
method further comprising, prior to the first etching step, the steps of:

patterning a via on the top of the wafer with a photoresist; and
etching open the antireflective coating and the cap layer.

3. The method of claim 4 comprisihg the further steps, subsequent to the
second etching step, of:

stripping the photoresist;
.16
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WO 02/ 03451 PCT/ USO1/ 18626 patterning a trench on the top of the wafer with
a second photoresist; and etching the trench partially througan 1t P&C 0
organosilicate dielectric. 6. The nethod of any of. F#'@@?iﬁ/l’ééz co gq rl%'g
the fMQBB4teps of: fornming the organosilicate die ric of a first
organosilicate dielectric layer and a second organosilicate dielectric

| ayer, "the first and second organesilicate | ' .ayers separated by
a trench stopP‘FWBPg,a‘éﬁ’('fﬁé’f‘élbep\%R&?ﬁﬁévag rc%@n%%‘#ﬁ%%ﬁ%%%ch with the trench
stopphayer. 7. The nmethod of any of clains 1-6 applied to a wafer including
a barrier layer beneath the organosilicate dielectric, the method

conpri si ng t hgichimp ieefendt Setislly thdughthe@rgdnoslicie dieiectiar ri er subsequent to

t he second etching step. 8. The nethod of any of clainms 1-7, wherein the

| ow sel ectivity etchant is selected fromthe group of etch;.at m xtures
consi stigg of The mdBb&btkdny oficlaiing &3 doprisinp theAnting/s€pFef:02. 9. The met hod of
any of clainms 1-8, wherei n,the,hiph sel ectixf.it dee‘t’\%gacnﬁ m,i s a mxture of
Ar | NZ/ C4#gmingthe prganqsilicts figlectrp, of 3 irst prgppsibpaty AISECIBCISYET: 1o ngj or porti on
Of 108 s sSIHUARhbAIAI A MSIagirc b Tiektand seeond érgamosiionest of a (1 ench

di el®BEETC A a portion of "a via dielectric, and the remai nder portion
f ur tdielectiolupers separataddy adrenchstoplayedidBf ectric. 11. A semiconductor device
with a dual damascene structure in a. tger, where the wafer includes a

| ayer of or gamppmgﬂute@hwgaﬁhw@wb@ﬂ&? etrpsh SOPYYERe dual damascene
structure is fornmed by a nethod, conprising the steps of: first, etching

t hrough a major portion of the organosil]cat , . di tric utilizing a
first, |dw sel'l@em%h@yféﬁk?fdﬁlﬁn,“stllﬁaﬂpﬁ?ik %‘P’%ﬁ‘%‘}g‘%@‘t"ég ea\gi ng a remainder
Ito}?' r t]iag” xfxe&{lhﬁc ARG bt 5 frid) iRsBetflb®tasprising thafistheesemnaf, et chi ng away

e Inder po

lon of the organosi|icate gAass dielectric utilizing a
sec ofichingihadvigh tediamisr swhsequephigrthe second etching step.

8. The method of any of claims 1-7, wherein the low selectivity etchant is

selected from the group of etchi.at mixtures consisting of Ar/N2/CF4/, Ar/N2/Co/Fe,
and Ar/N,/CoFg/On.

9. The method of any of claims 1-8, wherein the high selectivity etchant
is a mixture of Ar/No/CqFs.

10.  The method of any of claims 1-9, wherein the major portion of the
organosilicate glass dielectric comprises a most of a trench dielectric, and a portion of
a via dielectric, and the remainder portion further comprises most of the via dielectric.
J 11. A semiconductor device with a dual damascene structure in a wafer,

where the wafer includes a layer of organosilicate glass dielectric, wherein the dual
damascene structure is fonned by a method, comprising the steps of:

first, etching through a major portion of the organosilicate glass
dielectric utilizing a first, low selectivity etchant, the first etching step leaving a

remainder portion of the organosilicate glass dielectric; and

second, etching away the remainder portion of the organosilicate glass

dielectric utilizing a second, highly selective etchant.
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The semi conductor device of claim1l ] wherein said wafer furtheg 1hiUE€| ?ﬂﬁs
~a netall j ect beneath the organosilicate glass dj fikgzg the

met al i %@EZ%agﬁect and the organosilicate glass diel egl%ﬁlgg‘gelpar ated by a
barrier layer, the nethod conprising the further step of; subsequent to
the second et chy Biioft dMRYT RiRrdiRidd Whfet Rthedar rier layer to
t he netal id]z2'ed 0 Pg%:’?kg%l.‘:&%'ﬁe sem c(l?r)duct or device of any of clains 11-12
wher eintlutidse methlived opject eoeatly fhetorganosilicateoalass idiclacticgthgsactalized ect ric furt her
conpri,ses a trench dielectri ' &b Efleftiod: and renwi nder
porti ?Pée‘:iﬁ‘?q #?5Pr%ﬁﬁcﬁgeeéésgd%é%gnsgﬁa%%ﬁ?g%ﬁ%@? %{r’he w&odi electric. 14.
The sgmpERingUhd Pkthaewepad: of any of clains 11-13, further conprising a

O

layer of antiref]ective coatin nd g cap,| ayer | i ver the
‘organosilicate sa#%sggemmtg? SEPD ‘Etg]i“ﬁ%gﬂ?’c ﬁ"gﬁlérf)%atpaf?atﬁ ﬁg‘} conpri si ng,

Pr i OF b Gerlififer td the meRDiett Sifect! €p, the steps of patterning a via on the top
fler wth a photoresist; and etching open the antireflective

coating and the cap layer. 15. The sem conductor device of claim 14, the
met hod confy, i SiTyg stifonduttdrdevicsofmg of elainmel]ui@whdrein theanaiocond et chi ng

step, of stripping the photoresist; patterning a trench.on the top of the
waf er paioofihe erganesilisasiednse dielectric ra@r 8?'8?95‘?@9?%&%‘&3 AACHS tially through

the O{nggg)(?%érkd. cﬁﬁk&ri&i,iaﬁh fshdinder portibn fublher copipriReyhetiaikledrii@e of any of
cl ai ns -15, the nmethod conprising, the further steps of:
of the via dielectric.

14.  The semiconductor device of any of claims 11-13, further comprising a
) layer of antireflective coating and a cap layer applied over the organosilicate glass
dielectric layer, the method further comprising, pripr 1o the first etching step, the steps

of:
patterning a via on the top of the wafer with a photoresist; and

etching open the antireflective coating and the cap layer.

15.  The semiconductor device of claim 14, the method comprising the

further steps, subsequent to the second etching step, of:
stripping the photoresist;

patterning a trench on the top of the wafer with a second photoresist;
) and
etching the trench partially through the organosilicate dielectric.

16.  The semiconductor device of any §f claims 13-15, the method

comprising the further steps of:
forming the organosilicate dielectric of a fixst organosilicate dielectric layer

and a second organosilicate dielectric layer, the first and second organosilicate

dielectric layers separated by a trench stop layer; and

stopping the etching of the trench with the trench stop layer.

18
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formng the organosilicate dielectric of a first organosilicate dielectric
| ayer and a second organosilicate dielectric layer, the first &nd BEG?D@‘
organosilicate dielectric |ayers separated by a trench stop |ayer;

st oppi W8 885t ching of the trench with the trench sP&3/YSRYE626 ~ ANENDED
SHEET (ARTICLE 19) 3 1 DEC 20Q4 WO 02/ 03334 PCT/ USOl/ 18626 17. The

sem condugt or device 0 an af ¢ cI u %ﬁ’a barrier |ayer

beneath thé or E?‘PP 8\”8?8 Wlnidal“ﬁe Refg 85 M™% ng the further

st eplagér beRbAh kbrdRbsilicit: leGctﬁartﬁé REth68 BsRstisaiatthé furthBestgeePnd et ching step.
e sem conductar device of any of cl.ains 11-17, wherein the |ow

sel eetphmgﬁ-@m&fbthahmﬂssubséﬂw&fmP@ﬁ?‘fﬂ@%&ﬁﬁb of etchant nixtures
consisting of Ar/N2/CF4/, Ar/N2/C2/F6a and Ar/ N2/ COF8/ 2. 19. The

sem condugg or @'&Véeﬁx?coﬁéuci’dmeﬁ&estaﬂyrwc&hslﬁ 1WhRERIMhE Iy hi gh  sel ectivity
etchant is a mxture of Ar/N2/CAF8. 20. The sem conductor device of any of

cl ai sedectivity stchagth isrselepted fremithg eroup phetehashmixures ROSFERERSsi | i cate gl ass
di el trench dielectric, and a portion of a'via
o ) BERGIGE IS B4R Oy - -

mal n tion further conprises nost of the via
dielectric. 19 AMENDED SHEET (ARTICLE 19)
19.  The semiconductor device of any of claims 11-18, wherein the high

selectivity etchant is a mixture of Ar/Na/C4Fy.

20. The semiconductor device of any of claims 11-19, wherein the major
portion of the organosilicate glass dielectric comprises a most of a trench dielectric,
) and a portion of a via dielectric, and the remainder portion further comprises most of

the via dielectric.
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