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PCT/ USO2A08 3385 present invention relates to sem condug¢piysemidyisact ure.
More particularly, the present invention relates to the etching of organic
| ow-k dielectrics 10 in sem conductor wafers. Background of the Invention
Integrated circuits use dlelectric | ayers, which have typically been forned
fromsil mmmn , @, to insulate conductive |ines on various |ayers
of a serA\‘mmll tructure PASTER AIMIUEEATION cui ts become faster and

mor e conpact ,spi€er ating 15 frequenci es increase and the di stances between

, the conductive lines wiwthin the sem conductor device decrease. This

introduces an increasedfeN e F ANaaeI AFORPETCIING to the circuit, which
has t he drawback of slow ng the operation of the sem conductor device.

Therefbre, it has beconeORfpANKAL QW -Us DIBIFHCIRI(S | ayers that are

capabl e of effectively reducing the coupling capacitance levels in the
circuit. 20 In general, the capgc“%ﬂie in an integrated circuit is
directly proportional to the di Iny nt, k, of the material used
to formthe di epget e c | s in
conventi onal mt%%r%%%a g’%l‘r@%:rﬁutlotn?% g@% ?)r Z%ﬁ{ﬁ?ﬁg d%gltllalﬁﬁ#tgfrenedw ¢ Si 2,
whi ch has partitugdrdGttlid pressmn svantiomfelabotd thé. efchind ef emg'anucdotvalyémtecfrms rred of
Si 2 do not reduce the coupling capacitances sufficiently to | evels

requi A8d f@semiondedoefgBvi ce 25 densities and operating frequencies. In
an effort to reduce the coupling capacitance levels in int egrat ed circuits,
t he sem conduct or industry has engaged {n research to devel op mat eri al s

having a dielectric constant | Si 2, which materials are
suitable for use in formng the dielectric Iayers inintegrated circuits.

To date, a nuanélFegbﬁtech’é‘Pﬁl@lﬁa diglectrie Aavers, wAnEhhatedypigaly Presiymed fray o

as "l owk ter \Y; n_3 e trics
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PCT/ US02/ (&Rit8Be.ands Cieﬁh@&xdubﬂ@@ Arhit8iHetOme Ofastar laBdF Mofelcmbadt, olpéraﬁn%
material with a dielectric constant | ess than 3. Low-k materials include,

but adé spﬁ@qu‘en@m |1ycmaﬂe landri theddistancdse heospa| %upem@c@we BEBs Mithire Tthe
manuf act ur ed . dA‘I ecg QaOof rri.s Eﬂ@/n Vi, S glof 5 ..
Honeywel | SERniEndioh bR MR, ol GRS o (Rctskpy <SR 3 Fupline
avai | abl e éeﬁa%ﬂefff@é 9§ th&rcheie( ®hich 1@3rﬂh@rdi’abv9£bk Bagkwiyg @e operation of the
pol yt et raf | uor oet hyl ene or PTFE, and Si LK(err). One PTFE suitable for IC
di el ect ri cseappéridustor davics Sheehie,Likbg besomid mipoatant tmuse diclecidiorlayes that

Associ ates, Inc DowQOO, Chemi cal
Conpany, M§Icapfrle %ﬁ'%{?F(j%ﬁ?Ef‘idg‘“&g qqoggﬁng ?3@&"1%’68 ?ei'ﬁfslﬁml?encércggm conduct or
waf er processing, features of the sem conductor device are defined in the
waf er ogsi ng vel jy ghemn tﬁ@bg%ﬂal{& AN iRleeidA0ciRUAGE ARBSty hropoftid@aeto the
processes a photofesist (PR) material is deposited on the wafer and then is
exposed t odielegtric donbtiasi kdoibtjne matgial obel toTloenrtbe iliclestricslaggneAanhbtpd abgiass

pl at e t hat atte ned wi th exenpl.ar ature eonetries. t | oc

P aht 1 r onis SEHE MGe R OB ORE ety Bedr SR Serh g o he
reticle, thg| LG lﬁa@@(ﬁ@lre%k%n&hﬁtfﬁ%oﬁﬂ(4bhqm@ll%@th@rl@}%r@?orﬁﬁa%'f'%z dadhe

| i ght changes t he em cal conposition of the photoresist material such

t hat a devedtapducedhe couphing eapacpendes sufficfentljido tﬂvelscrc@srcsltfomce&aslag deviget he

case qof positive photoresist materials e expose i.ons are re
in t heScaseensttics aid pperating Becticndrs (n AR pHPT A Eepdflﬁeeg’ﬁ Ibléf?e‘ifp?‘éfji“ﬁnge érse

removed. T e Ly i 29
mat eri al fpgﬁﬁ%%%%gfg§§h¥ﬁ%§Eg?goﬁ%ﬁﬁgﬁaggﬁ %%e%?%g(t ﬁﬁgﬁﬁgyé?egf
"nmaterial andtdrabr Rbynglaf diskctritecststint dowéretiatir that bf Sh@g thchr mateniaiskare
organic polyners in general can be etched by oxidation oxygen- based)

or reduct i &ttaple 19T us i fogringibe diglectirdlayasin W%@%‘% é’éculthelg Qeqate; angprper
"organi ¢ | oy ogrhﬁh Glabdrfs, %Ychbaqf 9%%?%&%)9& %o A6 SRR 1 “EQ %"nhgx%
e ch systé

dual - frequenty cap C|t|ve y-cou ectric et m & such

i's Largperr jieRbsedr CMarlSD@iEﬂhe%W&EIB&‘tnoa\am bigahie donmpoundsaninethe spéddieionh
Corporation, Frenont CA. The 4520XLETM system processes an extrenely

conprehen3|ve dielectric etch portfolio in one syst s i ncl ude
contacts, vias, bilevel contacts, borderless contacts“m‘hmMﬁﬁﬁmmmu
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and oxi de spacers, and passivation. 2 WO 02/ (1 GaS28 PCT/ US(12/ 03138
Advanced etch systens |ike the 4520XLETM per form several processes in the
sanme systwegu/Bssper formng many different sem conductor fabfiyQatidzes St eps
in a single system wafer throughput can be increased. Even further
advanced systems conterrpl ate the perfor mance of additional steps within the

sane equi s Ag Wa tio esearch
Cor porat i o‘?{l Cl@?@f %‘ﬁ%@?éﬁl&né{@%‘ﬁ ésﬂygstaeWéteggltwﬁb ‘%%8@1%%‘{5@% &Sﬂpabl e
of performppg3nany process steps in a single apparatus. Exel anTM enabl es
har dmask open, inorganic and organic ARC etch, and photoresist strip to be
performed in situ with a single chanber. This system s extensive process
portfolio incl udey-kmeiatiady indladedweats speeitically wod 11n@itﬂdttacb@20w0b?§me§pacer s,

. Foqured |RCBRAERE" hibtkamRchy Hliey SHERIE SErIETREE. Aia sfiEopts °°
enuner gt edHBgdRlen, TRY, MeneSRIRNRIN;shel it HibReoMAE 'PﬁltyYerféfdlﬁﬁfQ SRNEE TR

fabrication systens, ‘and t hese principles specifically contenplate all such
al t er nat i vEsionASathséa® Heerpprationh ®anbumy COF; spalyetrafwrecthyenmer oPTF&Exr end

processes p rned trate, .such as

t he sane p?lgggg O;E eh J&%ﬁaﬁ@ﬂ%:forfn]&ﬁﬁ}eieﬂqcoﬁppgl(gfapw@lglgﬁbkmﬂl, 5‘?‘“@ t he

substrate f5AMWENE @otel@Rbciads 1 SQUPARIDE! NSRS DO BIHAN Dol K

dielectrics may be acconplis usi’ng oxygen-based or hydrogen-based

et chi ng prOhe&ssekCorkpaty, th]mdg@élchganhsmumbn ftee®CRB.han ideal. 20

Hydr ogen- based etchi ng processes, e.g.: N2/H2 processes, are |less than

i deal éor etchlﬁg ani ¢ | owk |electr|cs parti.cularly for etching the
4 Ure

h

hi gh- dénsi ty fe CIRISERAUCEN WaRer (iPGeEHpPS st‘Hu’GS? %%P’&?l’é‘é‘%;?fc‘éf‘é’w%‘?s is
true for S I
generally s ow et cﬁlfer gvtg%zq%%l E}Sgrfm" praga@glrg%ﬁéf eﬂ{hﬂrgﬁzﬁg:?sé% ];ttalclftsares

bowi ng andpmeeseed 4 @hcbtofetsmh (R )ofnateeial Brdeppsitedi arutherwifeobihde then 1é\mlbdsedi t@5
problemrel ates to high aspect ratio features haV| ng differing sizes, which
features ahghtdligied by gndtitleentis retivkelsctcapialy aoglash %‘H teathiaist patigmed with

 ner east hot RO F g spab el PP Siot gt Bhfh BNk REMENA Be ke Te 1

the case of conmb-driven structures, trench capacitors, and trench 30

i sol atibon for vafitt paking toapls tersticlthe dppecdntdond the,suffkce oBthd phbmestises t he
depth of the 3 WO 112/ 11(SS28 PCT/US021113138 trench divided by its
wi dt h. oumétwa&/ Tb@lélg@f changesnihs ichewingh APMPosifiATeple e dthofaeisti matedalfyeh

et chi ng hat é?dé el oY cd. el%ﬁltolv\clg i 1etfq£|e nlgdt?rsemate%gtﬁlagnt Oﬁlte %QS &gﬂﬁgtg

with R E i IS0 rve

mask openi ﬁlﬁ)toﬂ&‘slstgﬁm%n&ls tlfzn&lﬂo%d téggEhare PRAMONES, @fdelrﬁ&lﬁ'leﬁben@ﬂ Begatiowd y 5
than those that are wi der. Accordingly, l|arge features etch at a faster

rate than Biaipresisicmpigrials themnegp@&eﬂéeglon%mm@quds Thepradter RatwaferDs stohaént

Et ch = nown N2/ H2 sses _i.ncur

si gni %I Egao %FE’VR tg ugg?rl% 8lait% If{Oé‘[h areg (5 3 Ro longer pr&ecte@ Ib¥ the
photoresist material and thereby define the desued features in the wafer. Low-k organic
polymers in general can be etched by oxidation (e.g. oxygen-based) or reduction (e.g.

hydrogen-based) chemical processes.

The etching of organic low-k dielectrics niay be advantageously accomplished in

25  a dual-frequency capacitively-coupled (DFC) dielectric etch system. One such is Lam®
Research model 4520X1E™, available from Lam® Research Corporation, Fremont CA.

The 4520XLE™ system processes an extremely comprehensive dielectric etch portfolio in

one system. Processes include contacts, vias, bilevel contacts, borderless contacts, nitride

and oxide spacers, and passivation.



al so exhibit etched profile angl e dependence on feature size. Another
problemwi th known N2/H2 chem stries is that they have generally poor 10
sel ecti viyy oMidskegr espect to the oxides and nitrides comopdyuesadiss hard
masks during etching. This nmeans that the hard mask that shoul d provide
accurate feature definition is itself etched away fairly quickly during
dielectric etc t J SATM Vs TAM] i 2

pl asmas is tha’Fldx %%%%ygéﬁ%ﬁgéﬁ%rtgpﬁﬂﬁ%y oh 1y o%&e@gﬁgk%%ls%&%w%é:ges
of pr essursgsteMdBpeEsrmaAfg tangdiffdrerafserhivendicdr fhbridatiah iseps poi singleaysteh, 15
N2. Finally, etching of organic |lowk dielechics with knowm N2/H2 processes
i s slow THafer teaeghpub credgcimgropesde Evenribuleipadvaased syrdoaasepterpiaic ghe

i owner shi p of . processi ng..equi pnent. .f.or. t i e LI cui urer.
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» 20 oxislat i@ nBl IRARKERS La@SR eR&RE ToRpdritidH'd Bxddn™¥ 208 FxeRn-1PP My etethsdird Uent
such as nitrogen, N2. 02/ N2 etch systens tend to possess nuch faster etch

rates thardrxtehe sgsperne reepatide tof apresfosmpngc many yprpeeshetaps Bowi Figglerappains.
degrade t i el ectric constant of the.lowk di.el ric. re.troubling,
Chey | nt r odtscia™ SEbFs PEABALC ThoR LB <EpuNt AT e iRy
conj unct i of pidefrolh&l RO Wk BisighS cHalibRe Mt e steni’§ ek fenél 0¥ bR Ssst foatfolio

i ncorporate 25 copper. Copper is currently bei'ng inplenmented as ‘an

i nt er conneatludest at dadl damdseanerstuttupesi oontadtsnviagy rspacers rapd rpasgvatioactidolingi es.
Copper of fers several inportant vant s over alum.nu The, higher
condut?i vi %Pe%fa“éoBB‘g}PegP%ﬁa‘?sf ?@gqf’wg(e%g?g‘?ﬁ%‘tst ISNHES ng. m?h?@%gk r'BYi¥Es the
nunber of J n e j :3200 4
0 02/ s BRARISTY sSSP LRI rbhcruicd ikl AT R SEpUAMLE S Sa®

devi ce yi etatietyChifpsemidondaaqp ebiicition c oysteand, s anpetlabe mindiplkesspepiiveliy at a
gi ven frequency than chips with alum numinterconnects. Accordingly, copper
i nt er connewntegd#e glleech diartves-devi ces with significantly higher
performance for nobile applications. Finally, for very small features, the
i nterconnect 5 . C ; | [ I I

one- hal f that o‘ggg@gﬁ]{l ér%élﬁi %ﬁg% %gg’”{:%\g%grt g?’%?élr- ?lé’?m%git’tcg%é gégé(}?%er%d‘?hnal y
prefensed fioen widisiateBich & eadilidopswhies; dnislee sdmeppievé o sensipesdhctn fabrivatient
with no sacrifice of device reliability. Wiere copper in such devices is
exposed t oequirment gritheyt wmavingthe substratg drogs hegrupmedky gen pl asma of ten
results in damage to the copper lines by generating copper10 contai ning
resi due, which - [ . A\ Sl I [ apper
cont am nati on ogggﬁgﬁsg?élt%%ﬁ%ég %?{éﬁiﬁ%pg‘ﬁ vléfr??t lﬁ%f’ Hﬁ‘pg;re éat%lc(gﬁﬂﬁg#l&?ﬁ%ﬁ%opper
to the trangigsh-bhselan dlyd@iei-bssed@tohiie preasisest Edchiof thiege @ hvWevadelescthaniue t o
copper poisoning Many current integrated circuit fabrication technol ogies
utilize a oresist stripping step followi ng one or nore of the
patterning steps used to formthe features in 15 the wafer. If a

met hodgl o co [ nLy . di elieGtg i c: st ep,
but s?gul '? gneoﬂg%&ggﬁﬁg\&/gegg e%@%ﬁ@?‘%?%é %‘ét‘%%%ﬁ%sgeﬁ’r %égﬁgpérfhdgh\?\g{ er, pa
process st gphingh@gait lohek skgladtats phoduadsifet ethirgp thec highdddneityelfeatireat ed.

This of course would result in |ower process tinmes and higher throughput.
From t he fsasied mgursent k-G 2 mieropdevieass TiHs isryedor @ muptbst pf RIS 8L 1 at es

than 20 previg H2 pr i ol di t cl d

W th pri or HED s Rt BRT B SV G il 4R R R EHR BREBYEHEL |
desirabl e tEh&V Riathréd anml@%/hlwsé-&mﬁﬂw etehSdfiRs ol @amicwiat prédléms.agynotiesh
rate, and especially profile control. It would noreover be very desirable
to pr@%i deproblam tdlatag top higheaspeaitratn featreh hawng JiffermgcHzes ghegh teeirescarsf

sel ectivi té gectween %ﬂ organic lowk dielectric and the hard nask required
to form feSERFELICHT g'h the dielectric. It would al so be advantageous i f
the etch process could mnimze the effect of "m cro-masking” at the bottom
of the etched fené 6fcBing\bfCHigh A8seki NioAtshdh&s, Whastihberefiredd R RCEARTRIRbES
"away a portion of the hard nmask and.subsequentlfy re-deposits el enents of

t he et chedldvakdnatgdids 48 bepeming increasingly important for micro- and nano-engineering.

One example is in the case of comb-driven structures, trench capacitors, and trench

30 isolation for vertical transistors. The aspect ratio, AR, is defined as the depth of the
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30 bottom of etched features. 5 WO 02/ U(5528 PCTI U S02/03138 It would be
very advantageous if a dielectric etch process could be inplenented which
achi eved whaymsew ous advant ages while enabling a nore stpabteselahigpl asma
over a wi der baud of pressure and power operations than current N2/ H2
processes. In order to maintain a high wafer throughput, what is also

desirabl e | hat : : ol Qg% i&]g]r? 0@5@ bRe$i tU
Wi t hin the&e?lgﬁr@%g%?gbi é%})\g&n@ht uteinP?’zggpfl@J &f%ﬁgﬁe wa gél? I ngrfliﬁglt,e it
woul d be wechnidles fdraidhing HARTES & didveaotiagea eahitlg] obRIE.npl enent ed usi ng
existing integrated circuit_nanufacturing equi pment. These and of her

. features of theVpereehingitARALS with RIE 1t ipebsgusd thaidle teh rate is dgeendent a j ny

i con unciPeR e RUEREbAE ol il Brnch Wigthl) ff RAERBACHRR, ° P

+ the | nyentihan o6 hbiShe 1083 Accortig:1pnege fatirsy ol b fabRALHehaR spalcess
chem stry utilizing amonia NH3, as an active etchant for etching features

in waf ers featvospdhstdffegt iskgawnas Aspedk Ratie Repenrdept EtcitARRMD s SBIE Bgli t s in

ignifi |y hi h rat th ' N whi ch

avol ds t nekpREt oY ehpedstobr o e B e b P AR By " ©
profile copid Slnibilhiendd H6aRkSan@licpbicende AL Gher degree of selectivity
bet ween organic lowk dielectrics and conmonly utilized hard mask

materials. The process disclosed by the present invention enables a nore
stabl e etch pl adnsiheveobemavitk knpen N2 shewistiies iatut foxdavepenerllydesr t han

NR/ H2 ._Th di scl dh ini ble 1 f .bei
por 1 oo 1elPegii, SPTRTTet Rt ABF A0 B CEL AR UPEY 2 DB ChiFRe
waf er, andetl:]:fing.aﬂﬁ?hﬁaﬂg thaf e SRRNNaN BBt SHoud T%&‘gdﬁle‘ﬁ@éﬁr@feﬁeﬁﬁre%fﬂﬂdﬁﬁs

integrated circult manufacturing equi pnent. ammoni a etchant not only
et ches t heitseifimetied avayiirigiqelckbt during diri¢ctiad stoh b /N2 H2hclptlenostesi st from
the surface of the wafer. The use of ammobnia as an organic lowk dielectric

ol do var oty of AnPEREPbleh BB BT b el B eduRb el s Sebleanpt v 9" @
esi gns 7fall%\%r;%%ﬁp ?5?&?5%? Eﬂtﬁﬁ&%roa% 1381 bﬁﬁw?ﬁ?ﬁfo‘n%h&?p@ﬁenﬁah%f

Drawi ng For ete standi ng of the pres i nvention, reference
is madé t oNRhe acconpanying Drawing in the follow ng Detail ed Description
of the Preferred Enbodi nents. In the drawing: Fig. 1 a is an overview

fl owmchart of a process for etching.a |ayer of organic | dielectric as
part of an int egmlcl)édetﬁliuflé lﬂ%tora%r"}gé%W‘kF%ﬁ{ecﬁﬁsi%l #“BWB%N? POEWERar® of a

process fog et Cki"hf%g%e%g% E@t -iu,& el oo rﬁu‘auglg{ug&n U REkeadedC AP Vr A MQsHiN D

| ayers of organic electric sepa y an trench stop | ayer, and
i ncor por at progesirgaydipmesk for the Hitqgrat@hciramitanamdagusect i on t hrough a test
waf er having applied thereto a patterned | ayer of photoresist prior to

e N, 1S 2 a8 AT BB Bl  HOe o b d
ol 1 owgng gy RAGHY Socdd8LY; RfJsEE&pEURILy utilizing oxygen, O2 and a diluent such as nitrogen,
N2. 02/N2 etch systems tend to possess much faster etch rates than N2/H2 systems, but
are especially prone to bowing and can degrade the dielectric constant of the low-k
dielectric. More troubling, they introduce a significant new problem, especially when
utilized in conjunction with the manufacture of integrated circuit devices that incorporate

25 copper.

Copper is currently being implemented as an interconnect material in favor of
prior aluminum interconnect technologies. Copper offers several important advantages
over aluminum. The higher conductivity of copper simplifies interconnect routing. This

30  reduces the number of interconnect levels from 12 to 6, which removes upwards of 200




etch step. 15 Fig. 2d is a cross-section through the test wafer foll ow ng
the third etch step enploying ammonia as a final etchant to formthe

feature. Wh@206kshs a photom crograph through a test waferpcdivsplayisng the
profile control achieved by the present invention. Reference nunbers refer
to the sane or equivalent parts of the invention 20 throughout the several

figures of _the Draw. ng. 8 .. i Lt
Preferred IE%%S&F%%?%@W%%@%ﬁcgﬁégégﬁs ﬁ@gﬁk P%Jr%ﬂftgrecgc éeczﬁa novel
et ch chem gidrte (th 16dsG0iweg afa Yivele fré@uieney thad thips atith fuminnesingmcbmmbetpes in

waf ers incorporating organic Towk dielectrics. The net hodEI oqy taught
herei n r esttsdinglyntonpenintepennegigechioligignaesdvices Aithfasn 1%‘93%%@ and

i f d th tch . . '
U For m ¢ yoestiretss s iAo iofadingth By RhAL i Freaf, feRlaRbite
i ncludikng by ﬁ)!?%ﬁ]%)ﬂeir Gall Lot RQhatbridl se@ploRirhatENMe hatBat\if alumihmmaad er s

including organic 1Towk dielectric |ayers the present invention inplenments
ammoni a asSi?. €opparintercbdneddy imgeeasdisglymreferred fargeryismgll featussdspausg it

practice the process, 100, of the present |nventi .a wafer is situated
within a r%"Q(Ytdieﬁ)ﬁP"\?a§ ?ncélgﬁ%tb‘f"gh B‘?s?cbﬁﬁ? ﬂgdeé’ﬁcee e@%}mg‘yasrm. This reaction
vessel or chanmber may be an item of single purpose etching equi pnent, or
may be a mul ti pig RUEHRRE iR deRIcRS RSSipBEedStbSthe BichCeridhimeR the use of
particularly well suit'ed for practicing the present invention is the

Exel anTM day ozygdn slashe rofteavasultsbineddmagm to5the apepRersbeasclly Gerropingt ¢apRer-

Fremont, CA. ExelanTM i s capabl e,of perform ng hardmask open, i.nor ic and
or ganil® AREOHPERS 1§ “‘}Bh‘ﬁ}fngﬁé’éqys@epé’f op ¢ ?‘ltr§f“?‘ha9\ﬁi I ﬂg%w;gﬁ’ndgalugné ﬁgﬁgerr.
Al ternat i Ve, Sou RIERLARY @ble 'drﬁgteﬁgls.m BYeAeal. r_n]%@ti&ﬁ%?rthe Qbﬁﬁd%r%sih)é

having had a Tayer of patterned photoresist applied to upper surface
t her eof , i grafiistoit ledelwiftti devidedeahaotisiuredf th®deviee duedwcopparpotsaninggas i s

introduced 20 into the chanber at 104, and an etch plasna struck at 106. As
rventi on’ may c RSN BHIL R UG (BALOR AR PO IORE i e & B EuR
Lo i g, 2 a R G e B Oy ot
10, i s1sshowwe whier.t I snkfhodshgplcouldief fennd whivhl ned emlyacanpletedn delbeitic #tad, 22
over bar 1 S B HmBARERUSY TR A RO BB P G EEFO AT NABCE PIEEeS or

For mod. andSiPt A BLTHs St Bl AR o8 HPRHER, TR of B R er

16, is deDQ@éuthﬂl&@ér\fﬁ@d‘bsﬁﬁﬁlei hichighergmoughpuow k | ayer 18 and the second
organic lowk layer 14 30 to forma dual damascene structure, not shown. A

second organic lowk |ayer 14, also of SiLKTM, .is deposifed over trench

stop | ayer 16. Kromthe ﬁadggplm%g,l_é@wéif etﬁmqsmw'\{luéckbqnggﬁgglgﬁﬁggereﬁal ra%esef‘ﬁ'an

82} I( _12 lsg%trelzv\{gusl ALY %lrgc%ss%g%ﬂif’eb&‘?oicfﬁﬁg %é\kﬁ\‘@dlélﬂ§ asY0e aftE with”ﬁ"iorsfi‘@/}@ VO
processes would be very desirable.

It would also be very desirable to avoid the previously discussed problems with

RIE lag, etch rate, and especially profile control.

It would moreover be very desirable to provide an etching process which exhibits

25  a much higher degree of selectivity between the organic low-k dielectric and the hard
mask required to form features through the dielectric. It would also be advantageous if

the etch process could minimize the effect of "micro-masking" at the bottom of the
etched feature. Micro-masking occurs when the etch process eiches away a portion of

the hard mask and subsequently re-deposits elements of the etched hard mask at the

30 bottom of etched features.



PCT/ US(12! (13138 Jose, CA is deposited over second organosilicate |ayer 14,
conpleting the exanple in wafer stack. Patterned photoresist |ayer 10,
previ ouslyodbgeessed, is applied over hard nask 12. O copcs®sodydsiw || be
recogni zed by those having skill in the art that this wafer stack is
exenplary only. Alternative structures and filnms known to those having
skill in the ar i

circuit desi gnsI.E “@¥de$eiv%tguﬁgévﬁ%§%% gs. éi%%&ﬁi%ﬂ%ﬁ{g@%iec\ﬁ%ﬂ lﬁ[l tlé{a&g%%h

process 20Qhichatiabydd! thé preRous advirapes &hilt ehatding ol stabildercli pRsma over a
dual -frequency etch equi pnent previously discussed, is disclosed. Several

of the proeidssbangrafipsessyre age power gnesaiions thap saReR AN/ HRPToesSdi fi ed to suit
varying conditions, etchant gas conbi nations, and wafer stack 10

conposi tions. rtain preferred. i, n i t i1l be
. di scussed belo§5*%?@16§m$ﬁ@”%§$8 is%%ﬂﬁggggﬁﬁthh?ﬁz?ﬁghéggggfgxﬁﬁﬁg%ber.
At 1205a fhemo8dlogy berdapabls @ eeligvgerfiriidant: sgaswithini the rfabitiexéidn i aquiipniche
chanber of the dual -frequency etch equi pnent previously discussed. At 104

t he etch pitidizedto PretthewiaferAccordi ng to one 15 enbodi ment, the first
etchant gas is a mxture including Ar, oxygen, carbon tetrafl uoronethane

CF4, and octafluorocycl ob ne F8. . This,.m X i I3 i

application spé%??ﬁ%,géﬂﬁﬁéﬁ éFﬁgéfvgmg%gﬁm§$b%§%§%ﬁ%%§éﬁgﬁ%gﬁgﬂgégﬂg ive
etchant s ajghdidisaiiftcBmYedi8rouf @hnatichemghahphener after an NH3 etch step
according to the present invention. 20 According to one enbodi ment of the

present invention, the first, selective, etch step is conducted at a .
chanber pr essurEhest apdpihse feabires ofthe presemtdnyentign Mall hedleasriist yn pradeall 10

and 1 mrorr,, nore preferably.sti]l betwee 0 .an mloL {: d

pr ef eggbl ymafheaﬁf)“d’ton7Gn?rtg‘?ﬁi?%?%ﬁi Aﬁﬁ%’e"?loﬁ SQ Jg%cpfe%frgg heénl%(%{alglrer%g i %&?gl? med
at power I&ﬁﬁh&ﬁgﬁqﬂﬂggggﬂkgégyﬁggegS about 2500W More preferably, the
upper power fevel is formed fromabout 250Wto about 1500W More preferably

still, this power level is set at between about 250 to about 1000W Mobst
preferably the upper frequency power is set at about 500W The | ower
frequency power level is set at power |evels fromabout 250Wto about
2500W More preferably, the upper power |level is formed from about 500Wto
about 30 2000W More preferably still, this power level is set at between
about 750Wto about 2000W Most preferably the | ower frequency power is set
at about 1000W 10 WO U2/11CSS28 PCT/ USI| 2/ 03138 The mixt<ire of the
first etchant gas is preferably conprised of flows of the constituent etch
gasses. These include oxygen, 02, at flows fromabout 3 sccmto about 300
sccm nore preferably fromabout 5 sccmto about 75 sccm nore preferably
still fromabout 10 sccmto about 50 sccm and nost preferably at about 15
sccm This first 5 etchant gas al so contains argon as a diluent, at flows
fromabout 10 sccmto about 500 sccm nore preferably fromabout 50 sccmto
about 250 sccm nore preferably still fromabout 100 sccmto about 200 sccm
and nost preferably at about 160 sccm The etchant further includes a flow
of octafl uorocycl obutane, C4F8, from about 1 scan to about 50 sccm nore
preferably fromabout 3 sccmto about 30 sccm nore 10 preferably stil
fromabout 5 sccmto about 20 sccm and nost preferably at about 5 sccm A
final etch gas constituent in this enbodinent is CF4, tetrafl uoronethane at
a flowrate fromabout 1 sccmto about 100 sccm nore preferably from about
10 sccmto about 75 sccm nore preferably still fromabout 20 sccmto about
50 sccm and nost preferably at about 40 sccm 15 Etching proceeds at a
controlled tenperature, for a specified period of tinme. In



t he exenpl ar under discussion, the first etch may proceed at tenperatures
bet ween 0C and 60C. More particularly fromabout 5C to about 50C. More
parti cul éw))(; /&dskdd » fromabout 10C to about 40C, and nostporetensilsy at
about 40C. F|2rst etch times may further vary fromsnall fractions of a
second to about 10 mnutes, and are situation 20 dependent. In the exanple
presented here, etching at the nost preferable power settings, gas flows
and tenperature, the first, selﬁﬁﬁin%& Eqr,(%%11:1‘];\0/9&6&110corrpl i shed in about 28
seconds. This etch step provid selectivity between the
organosilicate dielectric 14 and the stop layer 16. In order to acconplish
. the precedi ng tEmMRERhUI® et t&hes b peocesrpienadinr etilofing drempsianditss a3 an

thermal |y maintained by a fl ow of cool ant gas through.the 1({:Eugektret fﬂlni ng
the waf er dctive hishansder ¢toking Seps IsWAKES IREAPPBHAE PERN{cIoYsk gstectys. 1he

~electrostatic Chucuit\ﬁ, i%l:?le%g%%:}%%'{}i itcﬁ | Qlflanggfélvﬁﬁ% 9851 HRkedsBshamce

hel i um i PTS¢eS§ P scCmto about 50 sccm nore

pref er abl v, fitRMvBRRULe 2reE6HElY @iskhaul p3éblems WitRIE lag efndr asbbgialiyt prdfilé r om
about 10 sccmto about 20 sscm and nost preferably at gbout 15 30 @CC

Et chi ng prongetsThepiokessteshibis ameushdrighter degige pE selealivity DENVETROTEHNE KON

exanple, the first etch step proceeds until et st op
| ayer, 16, dlﬁgc@ﬁﬁ\ﬁiﬂgépmﬁ?‘ﬁﬁy Eﬁﬁze%ﬁlixaéa%qsﬁ(erg%%ﬁﬁg t'o S;?rggé\s?;gs-ctﬂléﬁd €Bry\cl%e
(121 U1 5525 BT LShRSARAMS JRoRCaAPBIdchplblifa SoaaNTid Bans bepresdizd andhi ch
in this ex rrpele I's a non-selective etch through stop |ayer 16, several of

t he previ opwlet opesations thin puoerSN2/Hamaoasssess The erasnsmdjadosethered ori@aklech i s

conducted at_ a chanber pressure .of, between 0 and 250 rably
ot wedh 1005beInE BT Sigrth dhe g i EmaR I o TR Bl
and nost p t : URRREY fof esxieiney inddgritee ditcaiina i s
formed at %%C{V\g% %Pﬂé%/ﬁé SOf;‘E‘{‘rPi n%rggfgﬁtge%%v@}gﬁgbout y2§)OOW ﬁ'I\/l(t%r:a pgrref er abl % t he
“8ra

upper powemahefefuring doaipmesht.f rire anhowhiaseOkut mcbmly exbeD\We REFRIQDIET-Er abl y
still, this power level is set at between agput 108$¥Vt0ﬁ%§OUt 1500W Mbst
pr ef er abl ydiekrstrip putralsq wapet e phaioresist romy th sutfiss of WA 1 0 The | over
frequency power level is set at power |evels fromabout 250Wto about
2500W More pre : idl&tdOERBsht g alsibéd HSABW t o
about 2000W Nb?géggé £ﬁ§@ﬁ§“§?§?T?3¥ﬁ?§b§§§EFﬂ?gve| IS se?pgt bet ween
about &50Wier ahUibuZRa0i fokdasfeatpres fiemagh y Wwide vavikyr off filsegutonuyplpoair ays set
at about 1000W The m xture of the second etchant gas is again preferably
conpri sed shmbpoefiniseraies qiruitdsHERs t uent etch gasses. These include oxygen,
02, at flows fromabout 3 sccmto about 300 scan, nore preferably from
about 5 sccmto about 150 sccm nore preferably still fromabout 7 sccmto
about 50 scan and nost preferably at about 9 sccm This second etchant gas
al so contains argon as a diluent, at flows from about 10 sccmto about 500
sccm nore preferably fromabout 50 sccmto about 250 sccm nore preferably
still 20 from about 100 sccmto about 200 scan and nost preferably at about
140 sccm The etchant further includes a fl ow of octafl uorocycl obut ane,
CAF8 from about 1 sccmto about 50 sccm nore preferably fromabout S sccm
to about 30 sccm nore preferably still fromabout 10 sccmto about 20 sccm
and nost preferably at about 15 sccm 25 Again, etching proceeds at a
controlled tenperature, for a specified period of tinme. Wthe exenpl ar
under discussion, the second etch may proceed at tenperatures between 0C
and 60C. More particularly fromabout 5C to about 50C. More particularly
still, fromabout 10C to about 40C, and nost preferably at about 40C

Again, etch tenperature was nmaintained by a flow of coolant gas applied to
t he backside 30 of the wafer in the process chuck. Process tines nmay
further vary fromsmall fractions of a second to about 10 m nutes, and are
situation dependent. In the exanple presented here, processed at the nost
preferabl e power settings, gas flows and tenperature, the 12



WO (12/11 GSa28 PCT/L1S112/ 113135 second etch was acconplished in about 10
seconds. This etch step provides a | ow degree of selectivity between the
or ganosi hi§adsshsel ectric 18 and the stop layer 16. Etch ptepsi2413r oceeds
at least until etch stop 16 has been etched through, as shown at Fig. 2c.
In this exanple, this etch step also etches through a portion, but not all,
of OSG layer 18. At this 5 point step 126 is reached. To conplete the
etching of the feature, a t%'{e?D%EJ;%%h\S?tH%tﬁlaw%{§p’ 106 is conducted. To
performstep 106, an etch t 0 emal nder ot OSG | ayer 18, several of
t he previously discussed process paraneters are again changed. The third
etch i s conductd mdreaompiaberdeptaring af thé pivetnmissrentiomnefesmoe mroade, nor e
preferably between 10 10_and 250 nilorr,. preferably stjl et ween 100
and 200 nirterthe acspMPARERE Brayias abihy faﬁo‘&lagﬁe?%%é%W?tﬁﬁ‘?féhﬁkbegw r equency
. of the pl b r r levels fromabout 150Wto about 2500W
Mor e pref Zﬁ%ﬁ?@&ebﬁéqﬁ%begra\g@ er level is forned from about 250Wto about
1500W More preferably still, this power level is set at between about 250
to abogt 15 1008/ 1dvksh oveeiar Ablvwhirhef apppecss foreclong y layonef organiset at
about 500W The | ower frequency power |level is set at power levels from
about 0 W log-kBislactrasamoart Nsnantseicd sy deYife | ower power level is forned
from about ONto about 1000W More preferably still, this power level is
set at between ahout . r lyragenh T equency
power is set at%g’b%fsggfé‘%?g%#g“%nﬁ%ﬁe@%%e%h@?F\liﬁ? Xef%égﬁrgnt géas is again
pr ef er abl ywaRapatls BloforAink|twe 1ofersedfchgaic hask dieldotriosepapteafbraned
enbodi ment, this etchant gas conprises amonia NH3, 5 sccmto about 1500
sscm  nor etrprabistapaleyst, pbinrepewng ¢ 8ask o about 1000 sccm nore
preferably still from about 300 sscmto about 800 sccm and nost preferably

at abqut 600 scgm i]e ﬁﬁr?%li LS 4 i &hd at es
t he u3§ of NH3 1%%5?58‘%/!}'? %usésegg(g%an , ﬁ?gmg%ﬁ%aghg%%i@@ngﬁﬁo ggﬁ%enpl ate

t he use of 1@5}¢@hb&rempﬁotwaaﬁihge could contain heliumor other known
etchant gas diluents. Once again, etching proceeds at a controlled
tenperature, for a specified period of tine. Ln tre .exenpl ar .under

di scussi on, t heFigh2bds &eross-sreviop Huewdths fost watss follqyying 2 3BstsEaleh oc and
60C. More particularly fromabout 5C to about 50C. More particularly still,
from about 10C 9 : Gronf@ddctive €t ch
t enperat ure Was%?ngéi%??%%%regﬁc%efaggﬁ}g%ho@égéggfvg%%yﬁgéxllggg:d%cggeto t he backsi de
13 WO ( tidhlstdpd; 28 PCT/ US112/U3138 of the wafer in the process chuck.
Process times may further vary fromsnmall fractions of a third to about 10
m nutes, and are situation dependent. In the ex | e present.ed, here,
procesked at t h&igr@dls preseseation thrgueh thedest Wﬁg?%g@%‘@ngl%@uﬂﬁg“htsg erature,
the third etc i i nds. This etch step

provi des aempg??@%‘?%@ﬁo ; @%Fg%?ﬁ‘f@?f%ﬁ?%%ﬁﬁ?he organosi |l i caate
dielectric 18 and the barrier 20. Follow ng etch step 106, etching is

conpl eted at 10&igrdistaphowafierogtaphaaigtablest wefer,fdispldying thepeefscogrelt 110.
At this point in the etch reginme, the features, for instance 24 and 26,
defi ned by aghisvest wsthepresgytdpvertioRave now been etch through the hard maks

| ayer 12, first OSG 10 dielectric layer, 14, trench stop |ayer 16, and
second OSG di el i i e gt &ted when
barrier |ayer 2ggefféﬂe;ﬁ%éaxgﬁqgé&r@%gergﬁ;ﬁlmilﬁg%e%?aﬁl%%lgﬁf%mﬁ:t S 1poi nt, the

previ oppl y tHichghas et @ivehl figurandf the Drppingg st eps have been conpl et ed,
features 24 and 26 forned in wafer stack 1, and photoresist |ayer 10
stripped fromthat wafer stack. The wafer stack is now ready for further
patterning, doping or deposition steps as 15 required to conplete the
integrated circuit device. Process 200 provides sever al novel advantages.
First anong these is the



extraordi nary degree of control of profile control enabled by the

nmet hodol ogy of the present invention. This is shown at Fig. 3, a

phot om crwgiapissaf a conb structure etched in accordance pgffyshAg s esent
invention. The extrenely anisotropic etch profiles 20 enabled herewith are
readily apparent. A second advantage is that all photoresist has been

stripped fromthe waf g 0ug mgcr%n%ﬂﬂe'ﬁefeq%g EﬁibroQilﬁén? step. This

obvi ates the need for~a separate pnotoresrs fTTp St i n wafer

fabrication. Ofheadvsnt Bgentital lesthdsls noe:l bR ichaEisal foh@cihe s eNlle VAN on i s

the notable | ack of 25 bowi ng produced by the NH3 etches. It is postulated

. that wher efeptiesrsizes gnd akapes incwaiers inegtpereiibapugarintow kodiciepisicanthe on t he
sidewal I s @ i d trenches,. the NH3 ts with the.l ow ielectric to
forma polliﬁ%%l%?oa}%%gtsg}l%}ft}w&eﬁn 5?%%‘"\_/91‘tnﬁn?lﬁlﬁﬁ%t“inﬁﬁn?\llhfwﬁ%%é? ??ﬁh_§s

. resul tant HaAlWAEOrRaBSY theleth frb@ssigdsueich psttled beY 8 Setbl BhirbriMdag- The

pol ynmer formation appears to be tenperature dependent and possibly

reacti on- rthewafsntrol | ed. 30 The sidewall polyner thickness and integrity

i ncreases with jncreasing tenperat.ure. Anot her, enbodi t of. th resent

i nvention cont efFWietrZ% e&‘;ﬁél Vgg‘gﬁytogfg‘?‘?“g S’ﬁ%@?@pg P?HFBF?IQ@PYCES&L‘“HW it‘gg t he
final et chaibre antQfas, HwarAddihinag JasidIsalk BRI / 0~~528
PCT/ US021( 113138 arneducel t heeef f ectlsgtg)ngaa'?thtel pr evli@%\g%cg%%és%hg Xgegggtz

m cr o- nmas kinngptionnmplemeatdmuinmeiates ametchaw of CH3F from about 1 sccmto about

50 sc%n i s add t.o the NH3 gttct] st epéﬁprevi oysly discussed. More preferably
this tYow is fromapEiererceledns tié RIS rt@graggeq]%emsspgg@,é}félmgre@m| | from
about 10 s : m. hl
order to ananisApAtlisAaCE ARG MRaloolcReLaRLIE Aoty HnTHEHy, 07y

t he waf er Tlss tdaetioravdsyel vaichimbarethythe aa ifehouf sifigle padpasd ettldiag biuipmaht, bhe
chuck retaining the wafer in the reaction vessel. This flow of cool ant gas,
for instar®® bt MuHiple pumpesewaieppyoreswesyrmabae equraerimariicwsbiuvelso scem

11y o ans e P AR, presdR bR ERTNE RAeDRS S TRER, (BBl 15

scan. 1ot 40 Resdarcht Gorporatighf Feidnt, T8 PE:@¥in0usd dapabls G pegemeEAP ASnagat ur e.
By utilizing an NH3 etchant, oxidation of the copper feature iIs obviated,

and at t end§t, BergeBic apd osgamnyREfetety and phgieiesisioitrie f1f gt wishintarsinglievi ce i s
precl uded.c l%le Speci ftivce f eat urg of ihe Ergse@t i,nvention is its novel
ability tohfl A faatr ur e SR, PVy\ﬁ) F?ﬁr eg %Y ézeé‘ont enpor aneously, with
excel | ent prof itie weet, pedviaty Mividy K 189 oRpEitdrAdh pHBtéYesBd apBRMd RpEr t he
vias formed by the etch process, good etch profiles, good resist

sel ect i vi tsprfaghtherpobds aoghtedvwithon thetohamberos 4 02 reflavabéetcharntt gas islintoelvapbar ent

to th hayi ' Kill in. t t.hat. th Al l.Ly 20 di d
pover 20 ovare B p BB ak {04 i e sPhelaf ot Aokt R lpdE eyl i ampl o
only. DiffQeent osbi Rhffistd fmABhAl Naks di sposed at varying thicknesses in the

waf er stack may require different conbinati ons of power, pressure, flow,
and t enper at ur elhefiresent inventdremay contverieptitebemplemund aopars pecinfiltcstep v
contenpl ate .all. such conbi nations. The present invention has been _.

parti cul ar?eif/h E%H%Cf%h‘&s‘a’é%eca}si Sb%\?f“\?v} ggPnggtb@'E{] iazé;‘r VIRgrelgreRce Ry ig Figd
enbodi ment g JpfexiBpteWas bE pisierdki ; il arent to
those of ordi nar yﬁlshiaﬁl ’?’ﬁvﬁgaagdtfg%qﬁgﬁéy\%ﬁ%us cgﬁgthgg’slg glﬁtgbﬂnoylg? I cations
i n foRfn anekadpie iwlaferdyinbledesalsilivan dubstratel @@dravinggleposited ttizespa silitorand scope
of the invention as set forth in the appended clains. In particular, the
pri nci pl escagde RaTigy @é’@ng&iﬁ%ﬁ]{t‘?d&v%sﬁﬁ feyen 40is ég{%ﬁté?bﬁﬂr ag of prganic low-

i ncor por aty g . ORE : h ThtO f eat Ll vV, ges
taught hor e cg R il BTy CnbiRal P SACHE 4o S e, BOLABHER"C,

" varyi ng wahey bs famed aaddritheibatieolagerdof iAthih Sijicen curbide treadh dop fageerd, id ayer s.

The previously discussed ?r ocess variables are of course capable of 15
deposited between the first organic low-k layer 18 and the second organic low-k layer 14

F]

30 to form a dual damascene structure, not shown. A second organic low-k layer 14, also of
SiLK™, is deposited over trench stop layer 16. A hard mask layer of PEARL™, a

plasma-enhanced anti-reflective layer also available from Novellus Systems, Inc. San

9



WO | 12/ OC~s28 PCT/ L S02/ (13138 nodification by those having skill in the
art to effect different integrated circuit devices. Each of these

al t er nat iwes2b&sspeci fically contenpl ated by the principl psr@kotidygsspr esent
i nvention. 16 VI ~" O 02/065528 Clainms What is clained is: PCTI US(12/03138

1. A nethod of etching an organic dielectric |layer over a substrate,

ctchant | gaese S PRl b hBad R b AT oo BP0 1

pl asnma fr opafehgadi-Batteried photbresietslaydne 0 Oprg @b usly disehs6d, lis epglRY @K er Bard The
met hod, as recited in claim11, wherein the NH3 has a flow rate between 5
sccm to 1508ksiée Rf cogrss, it il beeeoesrizediby thess hasing skill imthnagt that this eater

conprisin acin ar k_gver .t r bc dielectric layer. .4. The
ot hod. - actRaF PREla Bk, Rt R s s e SR ab e bR pfing
phot or £si sthe hAYly RULIliZEN R hdflsheM akeh AN inteaPfedéirbalitangays! y stripping
the photo resist |ayer during the etching of the organic 15 dielectric

| ayer. 5. The mRefermgdovale Hgeilb edd 2ard onaimmlid-stepietehiieocese 2p0,ivéiiely pr ovi di ng

CH3F whi | i di t he et chant L Si NH3, . 6. Th t hod
GoF i1 o, VTR e SR s SO0, 0, Toe eilodd s
scem 20 7giscliged RIdIRMbsed S SEwRed b thel o 8%%&‘&1@etefMﬁtﬂ@?regé}ﬁﬁ’tweﬁﬁ&gmﬁ&OV' di ng

an etch with an etchant gas conprising prior to the step of providing

t he et chante gadified tpsuitsvargngleBadiBonsTetchant phvosbmtasations, anddvafer stdcki m 7,

wherein the etchant gas .conmprisjn 4. further conprjses.CAF8. 17 WO
02/ | | E85280BtRPALRY/ %@1@8 P@%ew#em%%%fma}t&ﬁd?m %laegl?%twe%wgfﬁ? gl,scws.%ir ein the

etchant gagsenprising CF4 further conprises 02. 10. The nethod, as recited
inclaim9, wherein the 02 has a flow rate of between 3 sccmand 300 sccm

s 5 11. The netApt)?2 ths waderiis sichatad wikldn theli@activhehambert et 1@0gaflove ofla €ksectri c
| ayer is nmade of an organic |lowk material . . e nethod, as recited in

claim1, fislecHes etelambersisigrosiused ip te waarabﬂéé kthgaéﬂl-frmeaqygeaﬂl c dielectric
e o LB TER BB 001 QG UADET SRR I, 2
si mul § aneogsbodiment] PRIl didtanPietioa itautintladap Aubskyentdagbat chi ng of the
organic d glrgﬁlgorrérgetlhgﬁlf (rZ‘F4, and octafluorocyclobutane, C4F8. This mixture is of course
highly application specific, and alternative etch steps implementing alternative etchants
and diluents may be used either before or after an NH3 etch step according to the present
invention. '
20 According to one embodiment of the present invention, the first, selective, etch
step is conducted at a chamber pressure of between 0 and 250 mTorr, more preferably
between 10 and 100 mTorr, more preferably still between 40 and 80 mTorr, and most
preferably at about 70 mTorr.
The upper frequency of the plasma is formed at power levels from about 250W to
25 about 2500W. More preferably, the upper power level is formed from about 250W to
about 1500W. More preferably still, this power level is set at between about 250 to about
1000W. Most preferably the upper frequency power is set at about SOOW.
The lower frequency power level is set at power levels from about 250W to about
2500W. More preferably, the upper power level is formed from about 500W to about
30  2000W. More preferably still, this power level is set at between about 750W to about

2000W. Most preferably the lower frequency power is set at about 1000W.

10



14. The method, as recited in claim1, further conprising providing CH3F
whi |l e providing the etchant gas conprising NH3. 15 15. The nethod, as

recited iwioobadsgagld, further conprising providing an et chpaiyBoai3 18t chant
gas conprising CF4, prior to the step of providing the etchant gas
conprising NH3. 16. The nethod, as recited in claim1l1l, wherein the organic

dielectric | ay i.S: JHoRe I .f%_rlliintegrated
circuit fornmed l}eorﬁﬁxgﬁggf g{?eig&oe?%}%ﬁ?ﬁggd% @ﬁ%ﬁ‘@%g‘ﬁ 1EJéeerd ng{\;]ér.%' a subst rate,
made fromdohgitaértRechGanges] The indhdConygen, @2, atiliswE fom dbduaB s@hne tu abgut
chanber; providing an etchant gas conprising NH3 into the etching_chanber;

- and gener a00rs6cma, PPreraicrabbhirem b soam terebaticidesscmpmory praferablystel ect ri ¢
| . 18 02/.(1 15528 PCT/.LS02/ S i L GUt,
S R e e S R e S B

. sccm  49. cliani gHs@WodoRtatsl bt as P lUERE bt 86w Rrofl bl Bscciibtabeit 500 _
conprising: placing a hard mask over the organic dielectric |layer. placing

a pat t er nedephops psfesably fparaboviet0 scom thabeutrgfiscemymere papigrabishaiilt Giemous| y
3;[ ;: 2@; P ? Catbggg,&bostcg@rtg 2 g&t 2'08¥cegm grlfc{ Mo% ﬁrre]feera%tlycarlltl a%gutolféotsggmpr gani ¢

- A AUs. AAL2. A. “Phehkehafihhdthetinflu8Es NoRhbf3chBlordbycldbutdfe, CARS - tsin AbbuY . 1A9E. AL
Y()"wW  PXYN .:

\ { }/ql gb] imelhaa]ahé]it(Sﬁ]scahm])mqirc:ﬁaia]ba] flrsqlfjahxi)/ugﬁ srlajrx:tg]abal}tcﬁé)] scahcaiprRa) cal ca] ¢

na] ca] ca] ca] ca] ¢”al.ca] cal cRa] ca] ca] ca! l:<

K} Xs n!lQi_ZLB]rEéF]ng}] ) @&rérﬁ% ¥4 a\?}ge‘g\@cﬁ&f@é}%g}%ﬁéﬁ%yem}q%‘am%?-c a] ca]
D Lk A+ 3

Chu ] ot A CHRLERLREALARGRL SRIASER Gkt CRE Rudluorometbane at ¢ flow rate

ca] ca] ca] cfadm apewt] iIcsebmad abdutd |00 at@n) maepadfeabbafraa jabat] 190488880 8ot (76) * k* ++,

V,,,-Q-MKk/ p/~//15000001| w nh
[ el cal ca)seapcaPEapetTaly e RFORPUL CHPEHP SPE A CHT Al CHF RIS 04 2p 222

225556n777 X ?c% 9E: | : :;

;m}xsni d_a}éﬁcgfca Ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] cal] ca] ca] ca] ca] caV] ca
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scem to about 50 sccm, more preferably from about 2 scem to about 30 sccm, more

preferably still from about 10 sccm to about 20 sccm and most preferably at about 15
30  scem. Etching proceeds until the desired etch results have been met. In this example, the
first etch step proceeds until the etch reaches the etch stop layer, 16, as shown at Fig. 2b.

This corresponds to step 122.
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The upper frequency of the plasma is formed at power levels from about 250W to
about 2500W. More preferably, the upper power level is formed from about S00W to
about 2000W. More preferably still, this power level is set at between about 1000W to
about 1500W, Most preferably the upper frequency power is set at about 1400W.

10 The lower frequency power level is set at power levels from about 250W to about
2500W. More preferably, the upper power level is formed from about 500W to about
2000W. More preferably still, this power level is set at between about 750W to about
2000W. Most preferably the lower frequency power is set at about 1000W.

The mixture of the second etchant gas is again preferably comprised of flows of

15 the constituent etch gasses. These include oxygen, O2, at flows from about 3 sccm to
about 300 sccm, more preferably from about 5 scem to about 150 scem, more preferably
still from about 7 sccm to about 50 sccm and most preferably at about 9 sccm. This
second etchant gas also contains argon as a diluent, at flows from about 10 sccm to about
500 sccm, more preferably from about 50 sccm to about 250 scem, more preferably still

20 from about 100 sccm to about 200 sccm and most preferably at about 140 sccm.

The etchant further includes a flow of octafluorocyclobutane, C4F8, from about 1
sccm to about 50 sccm, more preferably from about 5 scem to about 30 scem, more
preferably still from about 10 sccm to about 20 scem and most preferably at about 15
sccm.

25 Again, etching proceeds at a controlled temperature, for a specified period of
time. In the exemplar under discussion, the second etch may proceed at temperatures
between 0°C and 60°C. More particularly from about 5°C to about 50°C. More
particularly still, from about 10°C to about 40°C, and most preferably at about 40°C.
Again, etch temperature was maintained by a flow of coolant gas applied to the backside

30  of the wafer in the process chuck. Process times may further vary from small fractions of
a second to about 10 minutes, and are situation dependent. In the example presented

here, processed at the most preferable power settings, gas flows and temperature, the
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example, this etch step also etches through a portion, but not all, of OSG layer 18. At this
5  point step 126 is reached.

To complete the etching of the feature, a third selective etch step, 106 is
conducted. To perform step 106, an etch through the remainder of OSG layer 18, several
of the previously discussed process parameters are again changed. The third eich is
conducted at a chamber pressure of between 0 and 500 mTorr, more preferably between

10 10 and 250 mTorr, more preferably still between 100 and 200 mTorr, and most
preferably at about 160 mTorr.

The upper frequency of the plasma is formed at power levels from about 150W to
about 2500W. More preferably, the upper power level is formed from about 250W to
about 1500W. More preferably still, this power level is set at between about 250 to about

15 1000W. Most preferably the upper frequency power 1s set at about S00W.

The lower frequency power level is set at power levels from about OW to about
2500W. More preferably, the lower power level is formed from about OW to about
1000W. More preferably still, this power level is set at between about OW to about
100W. Most preferably the lower frequency power is set at about OW.

20 The mixture of the third etchant gas is again preferably comprised of a flow of
etchant gases. In one preferred embodiment, this etchant gas comprises ammonia, NH3,
5 sccm to about 1500 sccm, more preferably from about 100 scem to about 1000 scem,
more preferably still from about 300 scem to about 800 scem and most preferably at
about 600 sccm.

25 While one embodiment of this invention contemplates the use of NH3 alone as
the etchant, alternative embodiments contemplate the use of diluents. An alternative
could contain helium or other known etchant gas diluents.

Once again, etching proceeds at a controlled temperature, for a specified period of
time. In the exemplar under discussion, the third etch may proceed at temperatures

30  between 0°C and 60°C. More particularly from about 5°C to about 50°C. More
particularly still, from about 10°C to about 40°C, and most preferably at about 40°C.

Again, etch temperature was maintained by a flow of coolant gas applied to the backside
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processed at the most preferable power settings, gas flows and temperature, the third etch

0

was accomplished in about 205 seconds. This etch step provides a high degree of

5  selectivity between the organosilicate dielectric 18 and the barrier 20. Following etch
step 106, etching is completed at 108 and the wafer is available for further processing at
110.

At this point in the etch regime, the features, for instance 24 and 26, defined by

photoresist layer 10 have now been etch through the hard mask layer 12, first OSG

10 dielectric layer, 14, trench stop layer 16, and second OSG dielectric layer 20. The feature
is completely etched when barrier layer 20 is reached, as shown at Fig.2d. At this point,
the previously discussed etching and stripping steps have been completed, features 24
and 26 formed in wafer stack 1, and photoresist layer 10 stripped from that wafer stack.
The wafer stack is now ready for further patterning, doping or deposition steps as

15  required to complete the integrated circuit device.

Process 200 provides several novel advantages. First among these is the
extraordinary degree of control of profile control enabled by the methodology of the
present invention. This is shown at Fig. 3, a photomicrograph of a comb structure etched
in accordance with the present invention. The extremely anisotropic etch profiles

20  enabled herewith are readily apparent.

A second advantage is that all photoresist has been stripped from the wafer by the
NH3 during the third etch step. This obviates the need for a separate photoresist strip
step in wafer fabrication.

One advantage noted during testing of the present invention is the notable lack of

25 bowing produced by the NH3 etches. It is postulated that where there is insufficient ion
bombardment, for instance on the sidewalls of vias and trenches, the NH3 reacts with the
low-k dielectric to form a polymer, possibly an azide with terminating -NH2 groups.
This resultant polymer passivates the sidewall and prevents profile bowing. The polymer
formation appears to be temperature dependent and possibly reaction-rate controlled.

30  The sidewall polymer thickness and integrity increases with increasing temperature.

Another embodiment of the present invention contemplates the addition of

methyl fluoride, CH3F during the final etch step, 106. This addition has been shown to
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reduce the effects of the previously discussed micro-masking. In one embodiment, a flow
of CH3F from about 1 sccm to about 50 sccm is added to the NH3 etch step previously
discussed. More preferably this flow is from about 5 sccm to about 30 sccm, more
preferably still from about 10 sccm to about 20 scem and most preferably at about 10

5 scem.

In order to accomplish the preceding temperature control, the temperature of the
wafer is thermally maintained by a flow of coolant gas through the chuck retaining the
wafer in the reaction vessel. This flow of coolant gas, for instance helium, is at a flow
rate from about 1 sccm to about 50 sccm, more preferably from about 2 sccm to about 30

10 sccm, more preferably still from about 10 sccm to about 20 sccm and most preferably at
about 15 sccm.

Not shown in this figure is the previously discussed copper feature. By utilizing
an NH3 etchant, oxidation of the copper feature is obviated, and attendant copper
poisoning of the transistor effect of the device is precluded.

15 A specific feature of the present invention is its novel ability to form features of
widely varying size contemporaneously, with excellent profile control and with minimal
RIE lag, minimal bowing of the vias formed by the etch process, good etch profiles, good
resist selectivity, and good etch uniformity across the wafer.

Tt will be apparent to those having ordinary skill in the art that the previously

20  discussed power levels, pressures, flow rates, and temperatures are by way of example
only. Different dielectric materials disposed at varying thicknesses in the wafer stack
may require different combinations of power, pressure, flow, and temperature. The

principles in the present invention specifically contemplate all such combinations.

The present invention has been particularly shown and described with respect

25  to 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 contemplate the incorporation of one or more of the

30  various features and advantages taught herein on a wide variety of integrated circuit
devices formed of varying wafer stack configurations defined by a number of
different layers. The previously discussed process variables are of course capable of

15
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2. The method, as recited in claim 1, wherein the NH3 has a flow rate between 5 sccm

to 1500 sccm.

10 3. The method, as recited in claim 2, further comprising placing a hard mask over the

organic dielectric layer.
4, The method, as recited in claim 3, further comprising:
placing a patterned photoresist layer over the hard mask layer; and

simultaneously stripping the photo resist layer during the etching of the organic

15 dielectric layer.

5. The method, as recited in claim 4, further comprising providing CH3F while
providing the etchant gas comprising NH3.

6. The method, as recited in claim 5, wherein the CH3F has a flow rate between 1

sccm fo 50 scem.

20 7. The method, as recited in claim 6, further comprising providing an etch with an
etchant gas comprising CF4, prior to the step of providing the etchant gas comprising
NH3.

8. The method, as recited in claim 7, wherein the etchant gas comprising CF4, further

comprises C4F8.
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12.  The method, as recited in claim 1, further comprising placing a hard mask over the

organic dielectric layer.
13, The method, as recited in claim 12, further comprising:
10 placing a patterned photoresist layer over the hard mask layer; and

simultaneously stripping the photo resist layer during the etching of the organic

dielectric layer.

14.  The method, as recited in claim 1, further comprising providing CH3F while
providing the etchant gas comprising NH3.

15 15.  The method, as recited in claim 14, further comprising providing an etch with an

etchant gas comprising CF4, prior to the step of providing the etchant gas comprising
NH3.

16.  The method, as recited in claim 1, wherein the organic dielectric layer is made of

an organic low-k material.

20 17.  An integrated circuit formed from an etched organic dielectric layer over a

substrate, made from the steps comprising:
placing the substrate in an etching chamber;,
providing an etchant gas comprising NH3 into the etching chamber; and

generating a plasma from the NH3, which etches the organic dielectric layer.
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