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A METHOD FOR PLASMA ETCHI NG PERFORMANCE ENHANCENEI\IT._.BACKGRCIJND OF THE -
INVENTION 5 1. Field of  the Invention The invention relates to a nethod of
obtaining a structure on a sem conductor wafer by etching through

-structures defined by an etch nmas ' I : ription of the
related art In seME H&H%FBFKBLé§5&Kibgﬁﬂﬂﬁeéﬁﬁ%ﬁggﬁﬂégﬁiga pl asma et cher

I's usually used to 10 transfer ﬁ'}ﬂmépmﬁt mask pattern into a circuit
and line pattern of a desired F’ in frimand/or filmstack (conductors or

dielectric insulators) on a Si wafer. This is achieved by etching away the

filme (and filnstacks) underneath the photoresist materials in the opened
BACKGROUND D8 THE IRYENTION 5 i nitiated by the
e

areas of the nask pattéeds: S
chemgally actjve.: » l ectrically charged particles (ions)
genergted by e&cﬁ?gﬁgﬁgﬁﬁgﬁggfﬁic di scharge in a reactant mxture 15

cont ai nedTiidinfeMasireians b osifiel @ obainiet estracdute®nassemit@aiutor walfabyer .
Additionally, the ions are also accelerated towards the wafer materials

t hrough asickingthrpigh strushescicdined By pe elpB Btsk HENZ §Pdasfaxt ure and the waf er
materials, generating.a digectiaon renoval of the etching materials ‘along
t he di rectionn%f ﬁ%@gf'tboﬁl?fﬁ%léeﬁ%%ﬂi n a manner referred to as anisotropic
etching. At thg schiipdmdlictof plakifia efchii ApISRGUEY) alashiac:tdiRs kd igallpaRdital s are
renoved by stripping it away, 20 leaving in its place replica of the

| at el@l paanséra phbtarbast opdslyipad¢m inie everewit ard lingpaticar aka dosied thia didm; ang/or

o ocess | Stk (CEhREIurdirione v et DRovEEb Pl iHhie By Eeh et o

that of tiag e eLddviiReuRK:)dRdeined B Bld pHotorbiitindtbhian k0Be opencaneVR df thd i@k
1A The etching generates 'a contact hole 112 and erodes and danmmages the

phot or esi stitefi) 4Thia stohingamadtion By Gitiatedhy thin ehemigaldy extivespeaies dndrelecemenllyd

| eaving 25 the contact hole 112 in the oxide, 108, ,as shown in FI.G 1C.
D gt HAERCHEHE By BT Y P S s B ) g BB B or
danmaged i, excheRaevdctimidiioRat bRE Relbfrad &S &fa rebRB5aRBRRE | XddisenE1y thd B8s
damage and erosion also may be transferred to the underlrlng | ayers

| eavi ng sarehlsordedemted|tewpres therwafel matrizks dirougiuahelagris ficliderpgnd b@peen the

enl argement, etc. The objective of the etching.nethodol t heref ore..

el udes. FEqURTE BN BRHFTAETER. eag R R SuPiTBh el HeRE Rhfure.
of the pafjher heldiRREELEE fib MR H)6ctYqh Aneiinet rofRe 1838 kifiESFopic ERhinghiA the
purpose, It has been proposed to include a passivation gas in the reactive
et chi ng fimixh of the cHihisg pasericeathe omskiag nudgriabeare heweved by stupngiteaayt hat its

g Rty Ve bl St o0 AT PR b s R
etched. TheniRAsriiGH #s PusBaRdGRPIGES RS EM il BbhBd,% MEdnA BRhing prdcess is used
to transfer directly the photoresist mask pattern 104 into that of the underlying oxide dielectric
thin film 108, as shown in FIG. 1A. The etching generates a contact hole 112 and erodes and
damages the ﬁhotoresist 104, as shown in FIG. 1B. The photoresist is then removed leaving
25  the contact hole 112 in the oxide 108, as shown in FIG. 1C. During the etching process, the
mask materials are usually eroded and/or damaged in exchange for the pattem transfer.
Consequently, some of the damage and erosion also may be transferred to the underlying
layers leaving such undesirable pattern distortions such as striation, CD enlargement, etc.
The objective of the etching methodology, therefore, includes reducing the photoresist
30  mask erosion to enhance the fidelity of the pattern transfer from the photoresist mask patterns.
For this purpose, it has been proposed to include a passivation gas in the reactive etching
mixture. This passivation gas can be chosen tn such a way that ifs presence selectively
reduces the efching damage and erosion of the masking materials relative to the removal rate

of the thin film materials to be etched. The passivation gas can be chosen in sucl a way that,
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.0 an etching retardation coating is generated on the surface of the
"masking materials acting as a barrier to slow down the etching reaction. By
design, the passivation gas is chosen in a way that it additionally
beneficially fornms an etching retardation coating on vertical surfaces of -
the fil ma@istchingregedationsoatinglsegneraiad pn theaturiaee pf thy nreekiog nmercdmading as a
advance iR, the eNEEviPine iR 1-20: R0 r By.t he nat.urg of .the
vertical '?)r aj eé?gl?)y of t hg ¢ gr%gljgg lggr g??legigﬁmel?gﬁ%éﬂagg%ﬁas’tgﬁg?@%?éway
advance onhat i atldithallp beneRiallyifeed dnfching tdlardhtidd Datife BOvEEN NGt Jrife

| ateral direction, creating an anisotropic etching profile. Hence, the
presence dimgtgaestgbiesichgdsurhthaheicling Fragion panupiadyanee ndhyabsepar afdhe f or
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contain etching gases and olymer formers, with the latter acting the rdle

of a passiciegting an gaisotrepic eivhingpasfde. Henceethehirpggncyafepassighttmsgashin gid stching
reactive species by the excirtation of an.electri.cal djscharge, which in
turn et cRBRTERE Yoy iEporfany fox s Xtipdog ORRetEr eigs ack Bratecsn and tighiXi ng
“mat eri al s ghotbsic BRGNS e B theuSITHLIRRRDY RiheRE )
spont aneogs '?egl?fi ons, trhe eet?ﬁ;hilrllg reactli on %1 aglt\%g(r??‘eagtﬁ%ﬁﬁt gt}%%%%é&n%t'
vertildal as wellt hasslieady besnereposglihhtibe ssactive gas mixtirs obiitaini ctcléig pisegand
profiles. The co-presenc f_a pol r . fornmer,.through _generation of a
pol yner nggrgqe[r%%rHPe(r%éw lﬂh&‘?i@@” 1;11%&%1‘0& ehi RtFSVRtoR 84w 48 thintpseeliRictiling
mat er i al S paGaRelbfsetsaly kAt ERBics btk LAReANE! of aliclRiicst Gl by -
t o maski nggamat%ri gl s and gt c(ﬁ%ﬁgean?glgtrogé}@i%faggﬁﬂ]abnrfg%g%ﬂ%egﬁ%?ﬁ{emﬁ# ,)
bonbar destchethethindilwonbigsala o badyhddes well aphs ensitihg inatdiialy Bagicinv@hgdsm

ses and an etching enabl er. gas. The role
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presence of an el ectrical discharge. ternativel'y, a Tetardation
on.the et dherg-preserse ofl sspdgnebimasthrdighrgestiatign vhi polyales dgaBit@nibe heface

formed by em cal reaction of a. 25 properly chosen passivation gas
directly \Rﬂ{’ﬁ ctqhing ey g maskinganakrial; canbe URed i hrome drtaenisRgaght t he

above nmenticanedeRiNarR haskifdhatthifs Rl f; aﬁ%ﬂgbé:% %éorﬁ&ﬂctﬂbkai?}{ &l%tl?(lll ng

aspects of the€ etching requirenent usually 8o not I ncrde an

t he gasesbembherdofent. he uni que properties of each precursor gases nmaybe | ost
due t i nt er-iteﬁct i onzr. The et ching iloqr-]fgi tion optimzation al nost al ways
i nvold¥e conpl et A5oAs 2Ferdy bsgn iprngsel ptihe seactiven gargnixgra contalm R ANCHERYAHt

e he POl 20190 GRS BIE Bl G50 1 AREELA
i ssued Mafariner 26, to talefsethighlp evantive sicciat by redoting et théBdlp@er Rkmer gases in the
Ani sotr Opli)r%génlcye 0 Elr(ngf-egt%casli clliisc%grng"e: Alrigirr?atir\;glty?g getardation coating on the etching
- materials as well as the masking materials can also be formed by chemical reaction of a
25 properly chosen passivation gas directly with the surfaces of these materials.
A common disad\}antage of the above mentioned methods is that the optimum
conditions for different aspects of the etching requirement usually do not coincide and by
mixing the gases some of the unigue properties of each precursor gases may be lost due to
inter-reactions. The etching condition optimization almost alﬁvays involve complex trade-offs ‘
30 into a single etching condition that may not be the optimum should the different etching
| chemistries be seﬁarate.
A variant of the etching methodology is taught in U.S. Patent 5,501,893, issued March
26, 1996 to Laermer et al., entitled “Method of Anisotropically Etching Silicon”. This methéd

separates out the etching gases and polymer former gases into two different steps, each
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separates out the etching gases and polynmer forner gases into two different
steps, each 2 consisting purely of one type of chemicals but not the other.
This allows for fast etching rate at |ow ion bonbardnment energies, since
~at | ow ion bonbardnment energies, high selectivities to masking materials

can be ackpesiEmgmurcly of pug pe posheatieals Butawot te 9ther e hhisiablearsifer fapiecteling 1ade i on
i i ght | . i on. f ot { chi -
mater, al s igspieibnlBton Shorkll? SRR IR pohlEaRidh BiSERE A it o,

the et chi pehsRingGREeHal®fanBiachiched forltaAsin shhiBarRbed ¢tElgnp rOLAEHs IWORY Ativation
necessarily be isotropic during the duration when the etchin S

- pr oceedi ngnersy icchighile faver doribe Frachenrial the purfagy of the stohing materiglsghamther al

Ch o 0 RPE R Py G PR S BRY e BBy BB, et
sel ect i Vi hind,@hd SehiflBpkdcBE: WIS bddsSarily bé RBtrelss iueng theldi@siforn WhetSiBe BicAhRY

ion 10 energies. Many etching applications can benetit fromhigh ion
bonbar deng preneading, sincothces ia no m¢tgidatiep byer toprevenisthe latenat etching fican yeaumang.

di [ L UCt s | l.e. Additi | ds..Lncl ud
ot acked. sk dlirime g e Byton, e B Sflime TRy whol 65 diekeip e
maski ng NRf&ciepk ét_chﬂigis&e@:tériiy' th Yid #2186 inategﬁhgsii tﬁia désife isg%bre kd f2e Jﬁ@le@ RorPX1 de

| ayer 204 i1s provided. FlI 2B shows a har ayer 2 pl aced over the

15 oxi0de lengrgres. Maphiotobingsipplicatomk c24 Berieit fomdegh wudronredientcmeardy th alein
208, as sho in FIG 2C. The phot si st. mask 212 js used to pattern the
rar dmack PP ER s B g BTl oS PR (05 BFT5E, and t he

phot or esi st | ayefdiifohal RYoRA hEABYGHeIudS 2 SHAMA bk Geh t&-néllﬁe' t hole
216 is etched in ghe O%%g% | ayer 204?HUS?ng thé1 pat ter négehar rragi ayer

214 as a onesl cehirghresisiance ol maEking hetdratsd (fhsdas ildustiatad indiGV8@A-Faw ng
the contacf 216 in the 20_oxide |ayer s sh in FlG .. Th
advant age%&@f 21% A oideiasa 204 i Hrﬂ‘aﬁ?ff-bﬁﬂ%g é@i a2 hardEnaskdryer ﬁﬁg algekoreE dhe
whi ¢ to_t r ] -G Yi; ' r.l.\i - ,
the. ach” SKIPIRIET ARHOIGERS rhAlcoY id S1aBbyct i bhdnbhokiyct DOS kB i PRS-
and phot ot Hidgrphpluyesist nedsk @ 1 iscised ¢dl paten thethardnttisk dsien AR08 ge sreate atpattsrmed

The o oceSarirsiiiy b s U Rreu ekl FONEE Favesh P SPOUITA 201
addi i on, cbligc@hd 215 RERSET, HOTHENuiof 20h 38 Th¢ ARSI A G5 Lo 40 o

Itsel f. For exanp h mask used ctric contact etch

appl i cat i anskiasstivein iaFIGasE| Ths hardapek isthet Fengyhdlcavagy the comakt 216rndlekdi ti on
to transf.er wi thout lateral CD |oss or danage the nmask pattern into the
et ch 20| aygxidedpyer PO, @5 shovapingkICs 2Fat eral pattern already present in the

etch |l ayer may . I | | l-QNS
Lo LeYer T spb SR eEt bRy RESRL YO N P A0y R SRS,
usual |y ned trpistdrgattads ircuhieasd Bhésh @ e sikdsritigg filndss thefetdh pefieiiante Bfmudthi s
class of etchin %DEI ications is_given using the exanple of a formation of
‘a dual enhanced and the requirement on the etching and photolithography is also much reduced. The
disadvantages of this method are that, by introducing new process steps and new tool sets into
25 the process flow, it is of higher cost and lower overall throughput. In addition, the extra
process complexity also introduces difficulties by itself. For example, the Si hardmask used
for dielectric contact etch applications is not as easily stripped as the photoresist mask.
In addition to transfer without lateral CD loss or damage the mask pattern into the etch
layer, the lateral CD of a lateral pattern already present in the etch layer may also need to be
30 preserved in many etching applications during the process of etching the etch layer. These
etch layer patterns are usually not protected by the etching mask materials. A discussion of

this class of etching applications is given using the example of a formation of a dual

damascene structure by plasma etching.



damascene structure by .plasma etching. 3 To facilitate di s‘cussi'on, FIG 9A
IS a cross-sectional view of a stack 900 on a wafer 110 used in the dual
damascene process of the prior art. A contact 904 may be placed in a

dielectric | Q waf 110. A b i.er | 912, i ch b f
0 plectrie vt SO Rl 30 BBl BN R BB,

prevent tQess 190RR&T indhé fiﬁ'aﬁi(ﬁﬂrasq‘éné’bécés@\bﬂhe?ddr%%Aoéﬂn%t doehfaghel C | ayer
916 may be placed over the barrier |layer 912. A trench stop |ayer 920

(silicon phickd e diclesircilgymm 908 orvérdeyafmedl leA bairier dayep 9L, which nay bk of
dielectric_916.. A.trench level silicon oxide diel ectrgic Iage 924 may be

pl aced ov&ticohBitfdeHSlicqu Rrinds epaydrPlackt X ip spytack J0tdo p e;)fr@}lt DERL) 928
| _ yer . .
may Re pcg@f;@.gﬁm{ont h@vfag@%ifgﬂﬂbﬁ bk HicTedt Y Bl er P m@é’g%gédg&;&]ﬂﬂ%s' st

| ayer 932 e 10 placed over the ARL 928. The ARL ormed from
si | i con nbiried ByeiRION, A trencloftbe tayored28r(sidicomedrbida drisglvon aftride) mwebé ndex and

hi gh extinction coefficient. Fl 0is . a high level flowchart of a
process u §E’f’&e‘f Aver a2 16?’?1&8&8?@%9?6-f‘% Frﬁpci'ﬂgveq §ﬁ’&€¥3 0@6{? 4‘?’?‘3’“& lygaP24amascene

structure [ ' ' e ; ' a via
540 down P RETSEs o R Fleih oS kR0 A REIR R mre QALY SERSE 2,1
940 may f ot plaedowustthOddnchwlicledtrit tayamoBl. deyattdraed fiBt Riyers9329Ady Berd r esi st
932 nmaybe renoved and_subse uentlggrepatterned with_a new resist_|ayer

960, Mhi ckldesd opatheprREPZ8o TherARh 924 By e femss AgpgilicopsitsHewiOMN oFl G 9C.
The stack . suBi eGL: . ' h 964 down t
The Lo B s AR RBE AR Shehn L BrBlaRSGRpkiaRC D64 doun 1o

9D. The et chi ngIGfid ke Higlerebl S chmyofAproatss @s@iinthe bribhat W Rrhavel
dielectric llayer 916 to racet 972. This faceti ng maybe consi dered_as

danmage t ostapiedeQinto adneldteainscamestiestuice Thystack 808 maychesubjecicdie pn eickh st op ‘.

| - 920 ' f - j h 964
orve 1 or iiEaeh @fhetaStn SR ACHRF L BATa: Mer IDNCRDAYOAY Phe GOBRELERET D00 o
cr ustjsmay vid e mBeforiold @RaD44stvEih F8h6)sidethills s Tae knk0044@d debienoize

subjected to a barrier |ayer etch 25 (step 1020), which opens the via 940
to the copperbegeneet agoabsaqyepthoiepafternadenits p ngwirgsist laywR0i whicha 9oE. A

Tood), - as el toomh & g i, FRRERS SR EFIG 6 FREIIBRTE ™ coaTo

coat the igigsbdto M ctéi)evhitinetons 4 treiok D64 BbRALG R idtdnmediarytrdaeh yed to fill
the trench"and via with copper 978, which is polished down to the trench

di el ect ri stopdsysr 920 (101 herssbppein BB HayThrectolsing of thedrassh fé4 mavnnect f or
(e D e SR BRSO Bl e BB R b o0
et ch st op chRYREedBYdRfigd 36 theldhal @GtkGECene structure. The intermediate trench etch
stop layer 920 may be used fo reduce faceting. The etching of the french 964 may also
form a new crust 968, which forms sidewalls. The resist layer 160 and crust may then
-be stripped (step 1016). The stack 500 may then be subjected to a barrier layer etch
25 (step 1020), which opens the via 940 to the copper contact 904, to provide the
structure shown in FIG. 9E. A metal barrier layer 974 may be deposited over the
copper contact (step 1024), as shown in FIG. 9F. A copper seed layer 976 may then be
used to coat the intertor of the via and trench. Electroplating may be used to fill the
trench and via with copper 978, which is polished down to the trench dielectric layer
30  924. The copper 978 may be used as a copper connect for the next level, so the
process is repeated creating multiple levels of copper connects and dielectric layers.
Although the intermediate trench etch stop layer may be used to reduce
faceting, providing and etching the mtermediate trénch etch stop layer requires

additional processing steps, which increases processing time and costs.
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faceting, providing and etching the i ntermedi ate trench etch stop | ayer
requires additional processing steps, which increases processing tinme and
costs. 4 In addition, integrated circuits use dielectric |layers, which have
“typically been_ _f d. Llle 0 .de 1., S : i . ductive

| i nes on vari rotﬁé‘dﬁgiﬁ‘r *snft%#%a& El?é’%%%%&%’f%? l%ﬁksﬁocﬁhﬁ%@#"%swslg%&g %% uct or

ci rcui ts fh@saNRohastein EBLdaINi0,, a0 Mpakte condpahatlinegof FaGmarnsyeesof Ncr ease
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devi ce deemignductPhpisudivier dpeRrondn¢ el beorEdpstgrandgupricagpact,

‘capaci tance t.o the circult, Wwhi h f | - oper at.i on
of the é’é’ﬁ{a%‘BﬁE{?@PS?m%se\l}nggs.e afﬁgfee(ﬁ%?%{%gpg&%\aégﬁﬁ%cg g‘%‘éai"r%%;.ﬁé‘ r ?3@1@% 0 use

di el egt rige be¥iBbSdUdIG devitleRle6R3RAD MBishtredices & ueteasddisvdlatf cagpimpnduct i ve

| i nes agai nst such increasing coupling capacitance levels. 10 In general,

t he coupldepariteapaii thaseuit, which hasttegirawbackeefrstaving ithe efteratton|of thepr opor ti onal
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e e oLk B TR R Bl 2L
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ut 4.0.

constant o consequence of the increasing l'ine densities

and operatpmgtaheebwelsci es in 15 senm conductor devices, dielectric |ayers

fornmed of SiO2 may not_effectively. insulate, the conductive,lines to the
ext o0 requi r i BeBeEbdhteqypinE SRAtIGE BT o ptespAL FROHER gl o 1 an

ef fort tQq, fedHGeathehEGURMHREAIRAC R UEEMABHE] Bod R foRhqBE aleRBufd rcui ts,

the sem'c uctor industry has engaged in research to develop materials
havi ng a 12¢erslisd wmitd bboweptistdigiectitiolagers iheonviehtioned int@ir@@d ciwbiitshavet eri al s
are suitable for use iin forning the dielectri.c |ayers.i.n integrated

ci rcui t s. raditinpaliubeen frpsiod 31#32: W&lcg‘rhaéfiél,’e SGRRT Ewsé”éogﬂ’f?é'f f“beg\sraef erred to
as "l ow j 1 ' ; d-opbRtihPEreasRfisfid cation and -

cl ai ns, :%SV\H/%%% e(?fl%l1 Z}?c\é‘%dgﬁggﬁe%%ﬂé%&%atogr%aﬁmg v?nqt h asdi electric

consiant genfidvmiduti®r desised, Hbectic Ikyaroformiet iof 81@, mhysat dffecovey esalup e of a

|l ow-k dielectric, 25 which has a diel ect ri.g.constgnﬁt}ﬂiﬁf about. 3.7. This
conposes thpcanigtive linss o the pxter reqisdo AYRig ingrepsed soRNG Capaeitaitest i ng cl ass
of | owk 1184 rials is conmpounds including organosilicate glass, or OSG By
way of exanpl'e, but not limtation, such organosilicate dielectrics

i ncl ude CORAL T dir efforhNavietihaeshetoupling dgmeitarcallefedy imiiategBedBlimokts, ThanondTM

fromApplied Materials of Santa Cara, California; AuroraTMj avail able
f r om ASM SeAteandzetos idusily Yas engagedNBreRsaich g develppmpterig SM‘"(“Q avai | abl e

20  dielectric constant lower than that of SiO,, which materials are suitable for use in
forming the dielectric layers in integrated circuits. A number of promising materials,
which are sometimes referred to as "low-k materials,” have been developed. In the

B specification and claims, low-k materials are defined as materials with a dieleciric
constant k that 1s less than 4. Fluorosilicate glass is one example of a low-k dielectric,

25  whichhas a dielectric constant of about 3.7. This composes an about 7-9% fluorine
doped into Si0;.

Another interesting class of low-k materials is compounds including
organosilicate glass, or OSG. By way of example, but not limitation, such
organosilicate dielecirics mnclude CORAL™ from Novellus of San Jose, California;

30  Black Diamond™ from Applied Materials of Santa Clara, California; Aurora™

“available from ASM International N.V., The Netherlands; Sumika Film ® available
from Sumitomo Chemical America, Inc., Santa Clara, California, and HOSP™ from
Allied Signal of Morristown, New Jersey. Organosilicate glass materials have carbon

and hydrogen atoms incorporated into the silicon dioxide lattice which lowers the
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from Sum tonp Chenical Ameri ca, Inc., Santa Clara, Cali f of ni a, and HOSPTM
from Alied Signal of Mrristown, New Jersey. Organosilicate glass
mat eri al s have carbon and hydrogen atons i ncorporat ed into the silicon
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typi cal |y seelBsilas 5 @ydiadiyl< 3.8t e di scu35| on, FI G 1 1Ais a cross-sectional
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a trench stop TayferilitateldississignaFICo WA iSa dicss-saitional view obpariof a wafit imay be
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woul d be used to fill_ in the via and trench, to be too close to the second.
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trengl. stfuqnioamera t?diﬂhlliiﬁﬂ@vhléh is@wmsdditelﬂmbw-ledzeﬁecf:ridlasrexqqaoact 1204 and a
second contact 1206 ma placed in a lowk dielectric layer 1208 over a

waf er 1210. A Heepuseof ﬁ@ absenee ef thedgtermadiate trepeh etoh siep layer amlithense of i ni t ed

to silico r l.aced ov t flrst and
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di el ect ri cadsayly copgaf) wiiioh Weul@baassll 1©\RY intthe viamditehch,a¥ 86 tdo?didse t%l rst 1240
and second 1244 vi as nﬁﬁhbe etched into the |owk dielectric | ayer 1220. A

bot t om anthersegqnsconiast | 1¥atThigmepalendrease therdipgnsiay opthedotinmonfthe t he | ow k
di el_%trigia! ayer 1220. Such a it

' To facilitate understanding, FIG. 12A is a cross-sectional view of part of a

wafer in the producﬁon of a damascene structure without a trench stop layer and using
a low-k dieleciric. A first contact 1204 and a second contact 1206 may be placed in a
low-k dielec_tn'c layer 1208 over a wafér 1210. A dielectric barrier layer 1212,

25  typically, but ‘nof limited to silicon nitride or silicon carbide, may be placed over the
first and second contacts 1204, 1206 to prevent the copper diffusion. A low-k
dielectric layer 1220 may be placed 0vér the barrier layer 1212. First 1240 and second
1244 vias may be etched into the low-k dielectric layer 1220. A bottom antireflective
coating (BARC) layer 1228 may be spun over the low-k dielectric layer 1220. Sﬁch a

30 - spun on BARC tends to at least partially fill the vias 1240, 1244 and form sidewalls
and plugs in the vias. Generally, thinner vias are filled with BARC to a higher depth
than wider vias are filled. Also, more spread apart vias may be filled higher than more

closely packed vias. As aresult, it may be difficult to have the vias filled to a uniform

height.



30 spun on BARC tends to at least partially fill the vias 1240, 1244 and
formsidewalls and plugs in the vias. Cenerally, thinner vias are filled
with BARC to a higher depth than wi der vias are filled. Also, nore spread
" apart vias ma i 4 | r ' As a

Coaul 1 s [an s AR SREoph ARy HEh G ofRRrt RREREIE 1208,

hei ght. 612PRGavd BBen steed: IMspraesdd o BARCiig Weofiaaedtenfent drel 26af Ex60af t er
trenches 1248, 1252 have been etched. The presence of BARC in the vial
creates faWgisaddmien, facehng 12071264 Hegnmewyh of fageting iy thogize offigs.  The
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flow | ncg‘%'?‘ﬁ? B%Pregglgﬁ%pq%dgesreﬂﬁ n%gmlgélac%ugfo.églpylp%s. poi soning in upcom ng 10
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materials as well as to the stop layers. 15 Additionally, this invention

i nt ends tmopidevigdnenc yethedifor sidtinpa fdature & & hiyagora dtadkerfdhyqrsitd eltain adtigleady

t in th ch that i d by th hi " not
D1 ot ot e A teqlice Pl & 1EHEd R BGRBRRLbY bres B BT Pl S eRCoHRY Bidtal
wi t hout  uRgduhy ohidbies aud L%w%%% 1 PATRRKIG G188 SHwhRY%E o ﬁétsﬁ)@q?li}ﬁrs.

patterns. 20 SUMVAR ON To achieve the foregoing a
accotilancadditivimliyh &ripinvpose iofenihe poesie atgenérmmathbd for eichieg hdatefabpatetchi ng

a feature.,in_a | ayer. thr an, et.ching na .S roovi ded. A protective
| ayer is EPREEr SO iaR P _ nga%é%nﬂrc%msa by i ?ﬁ@ﬂﬁﬁ%gﬁaﬂ ahigprpieeise or
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et ched 25 roug he etching nmask wth reactive etching m xtures

cont ai ni nipnadge lte dst ctcdnlayerdttehil pafterhemi cal and at | east one passivation
chem cal. In another enbodi nent of the invention, an apparatus for etching
a layer under an etch nask, where the layer is supported by a substrate,
is pgpvided. A plasma  pragaRpARY SPFIRENGENRIGRI Ng a chamber wal | form ng

a plasma processing cha
To achieve the foregoing and in accordance with the purpose of the present

invention, a method for etching a feature in a layer through an etching mask is
provided. A protective layer is formed on exposed surfaces of the etching mask and
vertical sidewalls of the feature with a passivation gas mixture. The feature is etched

25  through the etching mask with reactive etching mixtures containing at least one
etching chemical and at least one passivation chemical.

In another embodiment of the invention, an apparatus for etching a layer under
an etch mask, where the layer is supported by a substrate, is pro#ided. A plasma
processing chamber comprising a chamber wall forming a plasma processing chamber

30  enclosure, a substrate support for supporting a substrate within the plasma processing
chamber encldsure, a pressure regulator for regulating the pressure in the plasma
processing chamber enclosure, at least one electrode for providing power to the plasma
processing chamber enclosure for sustaining a plasma, a gas inlet for providing gas |

into the plasma processing chamber enclosure, and a gas outlet for exhausting gas

~



30 enclosure, a substrate support for supporting a substrate within the
pl asma processing chanber enclosure, a pressure regulator for regulating
the pressure in the plasma processing chanber enclosure, at |east one

el ectrode R r asma r.ocessi ng.chanber encl osure

for sust alﬁfr?ﬁ{ng FBQ psklgisﬁr%g?&%ﬁgg%%%gﬁ CIB "(E:) ebsrpgef)‘ F‘ﬁgiéigg 0N GASSAWICH| asma. -

processi ngnd haslohanteas b@sey & paovddel. 9 Sir? vbikiR)l vhRe it RERUShhéGicgas 7 _ from
processi ng chanber enclosure is provided. A deposition gas

t he pl as
sour ce gﬁﬁt‘"{fﬁn dicEpsrrleheidhe plasma pracessingshianiber andl the depositomtgassowaé ve i n

fluid f ' inlet qf th I [ hanb

and the. daisa s fnd ShIRAIR RRFcotleBlondchveta Br 8 i OEE RIS 0

connest i oprdeessivgeshantter &&Bthb@{cﬁﬁntojasfs&ﬁm&h@%%i@edpr@lg ilﬁgc&ﬂ?diﬁﬁ and the
y

etchant gas source are tprovi ded. A controllér controlla connected to
the firstcemeted|to il fist confrel valew thie sroond ointrohialee, aad the dideat oeeast one

- el ectrode | sing-at l.easf one processor and co ter readable nedia is
provi ded. eﬁ%&éc%r%ﬁ}sgig %tz%%‘ag%frﬁepfﬂg?fﬁ%r a@@ﬁﬁ?li’gfsgfee %P’éf‘i?arléﬁmeé{- code for
openi ng t fMe tompliter fABABIOMeYR cofrphREs @ImpiRGTEaAbR B8P R5Hd e Wit 0
provide a deposition gas fromthe 10 deposition gas source t0o e pl asma
processi ngoriFd vabe fendllenstione, deposition etep tepmatilea deposdtod gas fdmsherg t he

seco coptral..valve for the at |east qgne _deposition step to prevent
ot oo olepoRjishia SolsPE e P Siecthy oiBRIbeR pisl S, RBPRIEEMEATIF o essi ng

charber | B3 B Ul Sing SRR cdrRIPAYE K3 UHEa B0y ORNUBGIHN 8ch gAY efior O

val ve for at |l east one etching step to provide an romthe -

et chi ng getshioggae fotrothe kighjpigepersoirbe fivmomtsinggheplashe procedithgCahambeer
readabl e code ener}g}ipz{gngqqhqﬁ at, |l east qne el ectrode to provide a bias of .
great er tHANSIED COBPHET Bgdd %Cg‘l?ofg’fPB?Dé“g@PS%ﬁonﬂéagtt“)ldﬁb’e@bﬁlﬁ@ftstep. I'n
anot her ephodbmmpkief o bRSIdY £S8 M ind BMERS e . formng a dual
damascene featurg ieg %fr)ov% ded. é\%&%%”arer?g%n%@iﬁé%%%g{cgﬁoﬁhfﬁ%&% trench
pat t & nedpronessingi chambay avbcommeer tehdabidt adileleasigizingtht bETRad ons ekicgh@sl, where
t he etchi ngvth«?i trencog. 20 corrprisei a cg/cle of form ng protective

si dewal | s/ORFEYIAE A1 qr dhane2530nvolis iondhe,swhstsate fanry lepst onerpishingistemgh t he
trench patter ngdJoask embh ' nen .St ri-nne of her mani festation
of the invention an n%pp%%@ﬁéf%gpg%?@ﬁlﬁﬁéﬁggg?girhgdgﬁ g'ﬁlﬂgae'{}@; mask,
wher ei ntdmndsagrer featuresin ppoidagld Viys aresofiséd iatad eich 1pyedY iAdREhchAattbnas

processin hanber, i rqQvi ded. The pl asma processing chanmber conprises a
25 chanb X Ipr‘?vdfi‘?ﬂs%‘%r ﬁ’e;ﬂt%tb]ﬁefp rf%gégcéﬁ 18 @E’E?th’ﬂ@l’e %ﬁ@ﬁ‘@mﬁ@? trgngdubst rat e
suppgit f@mprikPRe 51&9%%@@{» i§e WL | LPEESTIsNgchamber
encl osur e, n}';t_p pres sgr e regu o{r'e@#lgef %%gﬁﬁa%‘?ﬁgetsﬁd%q%%lgggﬁ‘gé“ﬁs he pl asma
pr ocessi rgclohgabenclethodughuheiremth patterned mask. The mask is then stripped.

In another manifestation of the invention an n apparatus for etching a layer

under an etch mask, wherein the layer is supported by a substrate is provided. A
plasma processing chamber is provided. The plasma processing chamber comprises a

25 chamber wall forming a plasma processing chamber enclosure, a substrate support for
supportingr a substrate within the plasma processing chamber enclosure, a pressure
regulator for regulating the pressure in the plasma processing chamber enclosure, at
least one electrode for providing power to the plasma processing chamber enclosure
for sustaining a plasma, a gas inlet for providing gas into the plasma processing

30 chamber enclosure, and a gas outlet for exhausting gas from the plasma processing
chamber enclosure. A deposition gas source and an etchant gas source are provided.
A first control valve is in fluid connection between the gas inlet of the plasma
processing chamber and the deposition gas source. A second control valve is iﬁ fluid

connection between the gas inlet of the plasma processing chamber and the etchant gas

8



| east one el ectrode for providing power to the plasma processing chanber .
enclosure for sustaining a plasma, a gas inlet for providing gas into the
pl asma processi ng 30 chanber enclosure, and-a gas outlet for exhausting gas
“fromthe plhagme e&w&&%mnﬁhﬁw@@%@@%m%%st%oﬁﬁmte B PasnFour ce and
an etchant gas source are provid irst control ve Isin fluid
connect i oconbrel welee, auidehgaisleashbet eletftroﬂheThé estipllepranpiss mglea:ha:lmber and the
deposition gas so rce A se f contr val ve i S flu connection

bet ween tPECGFEY ertrﬁ@oge thfé dpe hﬂ‘)‘tlﬁéseétchant gas -

'S source. golols] I r ol
val ve, th%&;ﬁ@%%&&dg g%t%dr(% f&ogkf tﬁ@f tﬁe at? Q{ﬂlgggro%?t%&e%ﬂe dtse%)o%ﬁgﬁ The

contr | | estecmpoities chapoél’ealsgastmﬁn thmrdmpeﬁﬁmi gamdusenp tegslasneadabl e nedi a.
The conput er readabl %erredl a conprises conputer readabl e code for opening

the firstPresssing|chambgrenclysuse, coaper rgpablesods for hosing thespeand conbol de a

d
chanber o o0 MO EREoAERIRLLA R paRUl ERel ki) AR BetB&5Cont r o

val ve f orsdulie fadmleatsingainepldanopiobéssing Shepbérenploseindedceiyivig reafible om t he
etchant .gas source fromenteri (3 t he pl asma processing chanmber encl osure,
and conputese ferepeamethe sergad coptr p(éhi@rf@f 3t freastensoriehing sfep &) progideanf or  at

| east ,0ne the et chant gas
sourIl:% tot?k}’tggﬁ Sgﬁér]té]etg?%@g%stl éggoglh&:}ﬁﬁeﬁ%ﬂ%és gg%ﬁltgtﬁi' 8P°Feat ures of the
present i nvent ThdseWnt lotiee febsed 4faBe picRerif@ntisietvdll bs dbelioyd inmbhe detail ed
description of the invention and in conjunction with the follow ng

figures. deaibriekrv DEScRerTEdNcTApTECTIRAWWWESOT ied prassbmetiomwithtthon i s
|IIustrat f exanple, and not by way of Ilimtation, in the
figures o ﬁ?ﬁ&%ﬁ%‘grgrpanyl ng draw ngs and in which-like reference nunerals
refer to simlar elenents and in-which: FIG'S 1 A-C are schematic views of
the formation of a contact hole feature 20 through a prior art process.
FIG 18 2A-F are schenBRIEFE &) ' '-, contact hole feature

"~ through anoth rior.art roce a fI ; art. of an.inventive
passi vati on aﬁghégP ﬁrﬁﬁ‘b"eé‘ an 1s#ﬁgtragd%¥ ‘i‘fa%?fee"é%’r}? E OVRYWRY ¢ t he
for mati omi@ftaiorC AR guey <ﬁ’th@adasmbhﬂang&awm@rthu\f@wm&qﬁe%ef&érfée 5is a

schematic view of a systemthat may be used in practicing the 1nvention.
numerals refer to similar elements and in which:

FIG.'S 1A-C are schematic views of the formation of a contact hole feature
20  through a prior art process. |
FIG.'S 2A-F are schematic views of the formation of a contact hole feature
through another prior art process.
FIG. 3 is a flow chart of an inventive passivation and etch process.
FIG.'S 4A-F are schematic views of the formation of a contact hole using the
25  inventive process.
FIG. 5 is a schematic view of a system that may be used in practicing the
invention.
FIG. 6 is a micrograph of a plurality of high aspect ratio contact hole patterns
formed using the invention. |
30 FIG. 7 1s a micrograph of a plurality of high aspect ratio contact hole patterns
formed using é prior art process.
FI1G.’S 8A-B are schematic views of a computer system that may be used in

practicing the invention.



FIG 6 is a-mcrograph of a plurality of high aspect ratio contact hole
patterns forned using the invention. 30 FIG 7 is a mcrograph of a
plurality of high aspect ratio contact hole patterns forned using a prior
art process. FLG/', S 8A-B are schematjc vie of a c ut er . systemt hat
maybe used in lf?%aﬁ?%&ﬁﬁatcﬁﬁs‘ls?ﬁfmﬁﬂﬁﬁ“ Fpteck Qn whic aafﬁ’élé%ﬁﬁﬁn%ectional'
views of & $hasKrPMeLi ﬂ"% cene feature is formed using prior
art processaes. FI G e10 1|ﬁ€pa hi IOP%\E/%? flow chart of a process used in the
prior art to fd&lth B isdudth Beeldbeecdersdframbense usdd ifr ki@ préor kiAo Boan @ _
cross-sectional views of part of a wafer in the production of a danmascene
structuredwltqa’:‘ﬁﬁ‘ﬁc‘?é}etspﬂéﬁﬁ‘l‘?- stop layer and using a lowk dielectric,
accorging to ] & ‘ €55 .. Al G c B r - -1.on Vi ew
of part of a wargr® TR e AGEaHon Beu o gt o Bafer S MEBIRAELOPPRA L 2
trench st dpmbsyes sttundurd siithguica trenshlstopl 1ey@ebhd nsingadox-di diglecttd, doniigg her
prior art process. FIG 13 is a high level flow chart for an exanple for
form ng al®QyBPCLHHBEEESe feature using a via first schene. FIG's 14A-E

are a Ccross-segti0 | . t ProYY: | nt i C a dual
damascene struc ﬁ'r g?lﬁ% %‘Iﬂicéc%;-s%gfo:gr’igue%é)ﬁ I'S Oggp g%o%&%%%lﬁg%cpf?noq&aa

Cr 0Ss- sectatnddeny sttt withoual tralRRRepaRger ahe atiug @ 16¥had dibRstrReefodimhed
according to the invention. FIG 15B is a top and side perspective view of

t he dlal tosnedleespsior adpracess. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS 20 e esent, | nti;on wll now.b scribed in detail with
reference to aFI(g\/\}j)%ra}fl@rllﬂé%\ﬁe%Wﬁﬂwf%%g?ﬁgwgla GRBFOPRE the
acconpany fdaghré usink AG8a fitshschbi@e. f Ol | owi ng descri ption, numerous specific o
details are set forth in order to provide a thorough understanding of the ./
present invent FEA.'s [4A-R 4r¢ 2 prossrpgriloaal viewipoknest of a substnate owér infosethich t he

“art, that tdhel resent 'H}vent.iﬁ)n rray be practiced without sonme or all of 25

t hese spe?:l P AR i SITUqtHre 43 yoape nstances, well known process steps and/or
strugsures haveGNA Regho@serosRol dfa ckabbtidnal PERAIT al@al@maepgcessarily
obscure the present invention. The said invention is a new etching nethod

i n whi ch &atirptlst hes bres siched csarding to the invention.

FIG. 15B is a top and side perspective view of the dual damascene feature,

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 The present invention will now be described in detail with reference to a few
preferred embodiments thereof as illustrated in the accompanying drawings. In the
following descn'ptioﬁ, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be apparent, however, to one y
skilled in the art, that the present invention may be practiced without some or all of

25 fthese specific details. In other instances, well known process steps and/or structures
have not been described in detail in order to not unnecessarily obscure the present
invention.

The said invention is a new etching method in which an in-situ passivation
process is combined and integrated with an etch process to enhance the overall etéh

30  performance without unduly sacrificing simplicity and cost-effectiveness.

In this new method, an in-situ plasma chemical process is used to enhance
and/or repair the photoresist mask, as well as fhc vertical sidewalls of etching features,
during the etching progression. During this new etch sequence, a plasma chemical

process step is initiated for a short duration before and/or after the wafer is exposed to
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d process is conbined and integrated with an etch process to enhance the |
overall etch 30 performance w thout unduly sacrificing sinplicity and- .
cost-effectiveness. In this new nethod, an in-situ plasma chem cal process

“is used tog han of. ir.-th hat o [ St o -well as the
verti cal E‘EiegC 1?1%5183?%{%%5;%%?&%% U 2151;96 ﬁ%ﬁ?ﬁ?@ﬁ@ﬁ@eﬁg ﬁ%é p 0389335si on.

Duri ng t kish AMyehala tBROUBIERNaterifll AsiEsGH fined on ti Wedssat&hed i S initiated

for a short duration before and/or after the wafer is exposed to 10 an

et chi ng piretenttbé orask figasiates gtcl grasiom Preferbly (s HEn peaingiaof emaprisdess i s

- chosen i such a that a thi.n filmof material, coati I s formed on

the mask 2! 8‘.?Iﬂp%t;%g6’|’t§3%t8 St?%ngrﬁgq?e?sr%ﬁafsgt% gbn%&rgxﬁog?lg%% gire E;Iphf erably,

thi s 4 hi Reg@ahd A8 i1 1R4skInBIRE. | Bdr cxbple, h SarGOARRN idlh G, EdnthBlfy Stripping

process for ease of final renoval but nore etch 5 resistant than the mask

mat er i al seerFlw exenpheynt af cthebdameintshcantbiernséd lorpoatophaetdresisymasiesy | ow t o no

anount of_ other elenents, can be used to.coat a,photoresi.st mask so that
P ot ect edbHERIeFEd FHfF ool sl rodb B e Pobrded! Skfeariost dhi ng
process. (Jtﬁ'?;': v@ﬁh&?fit Xﬁhgig thé burfRREEDoLNEN SEHHE Rk pIRASULN ARt Bl hAAR MBSK
pattern such that the sk behaves”|i ke a pseudo hardmask, having certain

benef i ci dehetwhikeq mhadeitrédnask, hawng tertain hénchivmi piobing chambienstharafrmask .
Al ternatively, the passivatjo rocess pay al.so. be used in such a, way that
the HOr mearmshhes SeHIRIRIMASk At iRERaiN B the pasvAHaR PEIGRST ek Al Decsibens at os
for and/ ' dBaKaRAt RopNys-Tal=TeUN="dfeTa (Ve R, or etch -
pr ocess. qﬁlﬁ{éa{r)%?it%%ﬁ} nert%@s&%@m coagi ng to thgé&seu sé%elr}ént etching
reacti on dosnpeheaes foc bimd/osepaiss the sk patterad danageierdded dylibd priareetdbt ai ned in

the etching step. 15 The etching gas pmixture contains etchant species and
at | east RSﬁ‘éﬁsﬁraEB"F (Fiqt}vgﬁnerg:ﬁ&quge Eepig o @wﬁsqq&}g@ tHENGHEREFI S associ at ed

wth ap L¥aLd ' [ 3 : L0 of the etching
to passi \?DZE?I F%%BIC%%gﬁgﬂ{t@,ahgﬁﬁtgﬁtgfﬁ?ﬁbtg %n%&‘%ﬁgl‘rngﬁq Fr%lgllleggb?uﬂﬁééjr? processi ng
condi3 i ons, i sTHd ¢ichiyg bad mixtwd contansieidhuat peticsum grlasesss pgsiveienl t s, such
as photoresi st selectivi t?/, etching ani sotropy and etching ratgﬁgc. The 20
el ect ri caPeeipsehas igdopbite e henglits pssociptedawidh ¢ RassErREPg b the gtcling ged
particles,is.: - Rj Ld3, 1 n%ng] -c.hi ng

ani sotr op%]/1 eﬁ'ﬁ%ﬁﬁg{ 116%3%3@3? %tncglﬁ]gqg:pr%{;ﬁcﬁ'ﬁuirogg © ﬁff’%{e{m{gg;ﬁg‘f at |ﬂg§%glr€§ﬁtgt chi ng
sequence ¢fajhdd@rodesdingreonditidnsie €thelythakced teeachisvaiboptinandpi@dgssitged until the
conpletion of the etching task. To facilitate understanding, FIG 3 is a

f1 ow charteswts, sushaspbefiorsist sdhectiviiy, etong Agisetronyand gtohweg wedrsdhfmsk is

A el e DR M S A Pl
has been i@poNighesl obirdiigl¥icH eatk ape podd@ckig hisefreieid smalll dithehsiodl a
structures. The passivation and etching sequencé can be, but may not need to be,
reiterated and adjusted until the completion of the etching task.
To facilitate understanding, FIG. 3 is a_ﬂbw chart of an embodiment of the
25 invention. ‘A photoresist mask is provided on a layer to be etched (step 304). FIG.’S
4A-F are schematic illustrations of the process. FIG. 4A shows a photoresist mask
404, which has been provided on an oxide layer 408 to be etched, which is on a
substrate. The substrate is placed in a process chamber (step 306).
FIG. 5 is a schematic view of a process chamber 500 that may be used in the
30  preferred embodiment of the invention. In this embodiment, the plasma processing
chamber 500 compﬁses confinement rings 502, an upper electrode 504, a lower
electrode 508, a gas source 510, and an exhaust pump 520. The gas source 510
comprises a passivation gas source 512, an etchant gas source 514, and an additional |

gas source 516. Within plasma processing chamber 500, the substrate wafer 580, on
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substrate. The substrate is pl aced in a process chanber (step 306). FIG 5 o
Is a schematic view of a process chanber 500 that may be used in the 30
preferred errbodi ment of the invention. In thi s enbodi nent, the plasma

processin nmber, 500 coppri.ses. conf.i n n_upper el ectrode -
Boa. *a 1 oiich B Bxktedter SoRpostans ootrre Bty el ex aretmd st Bty 520, | The
gas SOUfC?ov?érQiecﬁBHPS@??ﬁéo oﬁﬁéssd éi%bfé%uﬂs%%t&%i&ﬁﬁ |n p?zgéhlngé hant gas

source 514, and an additional gas source 516. T ocessi ng
chanber 5 Gmptrbshlﬂl(s uizshamtad claafpemg, 58 the like) far hmldum@thb ebavatectealea§®). i S

deposi t ed positioned upon the | ower_ el ectrode 508 The Iower el ectrode
508 i ncor Eaﬁaﬁa@?ra% TEPIROEASS ?awr@}?a‘a%fen‘rd} A flionoasd unmediagly

el eCt 5051 Bhhdsiic WRAAR ERbrGAR! e Be}éi&téoag 804,10 LA shBSngibst rat e

waf er 580 e reactor top I ncorporates the upper electro

di sposed com@tiahelingds@pdedti e ¢difinkd phsme beluhiedli®. S08.is Tigpliad nﬂhe
el ectrode 504, | ower electrode 508, and confinemrent rlngs 502 define the

confined Erafited Plesmiamleme by eassquscestigifhough ¢ gag Flet 543 94 kreexhansiedra vol ume
b f h
P g{%lg%gn{iﬁ%i?%%\ﬁﬁ e iofbn B¢ LoRfitkolche ﬁﬁg@ggiz&dd LA he

confi ned he c I nenent an exhaust

port by tbert@yhmmaﬁstmn@mo M@hﬁlﬁuﬁﬁmplﬂﬁ@ftﬁﬂﬁ afgugras&ﬂaﬁaﬁleoutlet for
the 10 plasma processing chanber. A first RF source 544 is electrically

conndBt edplasme peocessipehagbeet Adirst BB sourpe é%’é sépotically gerrectdgo the
el e?”'cahﬁ%g%‘f’e%{} ‘% &tﬂsé&%d'f&y‘g&g %cfs“'E ﬁﬂéﬁ%o&gtgg?%@‘gﬁ”s 552

define a osure 1Tn wh “YHe upper

el eCtrOdeeﬁQ&odm tmﬁrdwy\@rallgbsz;aémﬁ@ﬁn@érﬁslosdteslﬂemﬂaaﬂﬁoth the first RF
source 544 and the second RF source 548 may nFrl se a 15 27 MHz power :

sour ce anm@@ﬂmﬂmﬂz gsumper elEEthfdérSQﬁIEI’ddh‘b aveer ielpatrodd S0&aanecti ng RF
power to the eI r ossib difi ela 300 DEC . (Dual

Fr equencydEB?ﬁel h (?)th ﬁ’aé’g t§§7lp ‘?—'é:‘? %ﬁctﬁof%’%‘igg%é %I%fm%'r@ﬁmﬂs?a

Cal i figr ni a7 NP PoWELBDuIdE add RIERETS By & ¥bade T5ilkrat céMBinbfi@yd on. A

controller 535 is controllably connected to the first RF source 544, the
second RFcemgrideg BE@owenhw the elextiadsare pasgibls 20, medifid ﬁemﬁﬁ%[}ﬂ&.‘al ve 537

connect ed e depo 512 seco rol yalve 539
connect ed EFRENERRELAR, e BE YN Resdien CodGRlEne BE il a1
connect ed ChRforie nadchised & a ﬁﬁ&rﬁé&ﬂrﬁ&dﬁﬁ&t of B i8dsntionl &L ctrdbilePsPyi des gas
fromthe gas sources 512, 514, 516 into the plasm E ocessi ng encl osure. A

shower heats apairoliably ovimseted do thy firsieRYj asurce b 44, AR co gawrce tH8tth643 may be
e UG NRE R BT S R WS MM SRS
conbi nat i 9115 .a second control valve 539 connected to the etch gas source 514, and a third :
control valve 541 connected to the additional gas source 516. The gas inlet 543
provides gas from the gas sources 512, 514, 516 into the plasma processing enclosure. .
A showerhead may be connected to the gas inlet 543. The gés inlet 543 may be a
25 single inlet for each gas source or a different inlet for each gas source or a plurality of
inlets for each gas source or other possible combinations.
A protective layer 412 is formed on the photoresist mask 404, as shown in FIG. 4B
(step 308). It is preferred that the deposition be asymmetric so that the amount of deposition
is formed preferentially more on the masking material. It is preferred such a process is aided
30 by the line-of-sight of the location to the deposition source as well as by the selective nature of
the chosen CVD process. In other words, the deposition chemistry be chosen in such a way
. that a coating is formed preferentially on the masking materials due to differences in the
chemical inertness of the materials. As can be seen in FIG. 4B a thicker protective layer 412

is formed on the top of the photoresist mask 404 than on the oxide surface on the bottom of
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A protective layer 412 is formed on the photoresist mask 404, as shown in
FIG 4B (step 308). It is preferred that the deposition be asymmetric so
that the anount of deposition is forned preferentially nore on the masking

mater 2l sud budiSrBEPHBEE Ath SHB HCREACEARe bBoRi RGN i B ing Of - o1 ght

of the |oCa position source as we e selective nature
of the ch@sdinéNhedepastson ikidond editnindicht dhantepasng 4 ciientibsiviapgés y be
chosen in such a w%ﬁ% that a coating is forned preferentially on the

P

maski ngl- repesition (C fasess Mhishalodeppisiabin pig i&%laﬁfrféﬂlbﬂé%%wéﬁ of R
ne Sl 4 . i
for med orPpliBegd, PrfteRRl/ ik Berkosfion tEefuoll i Bhoiy B0 15 oRUlinddrel .

the.'bpttqi%ggiﬁoﬂ._z t he photoresist mask and on the sidewalls of the
photoresi st mask. In the preferred enbodinent, the deposition is done

in-situ in an lawother ehbedarents ithagpracespiggicerditiorpary belelwspd toovery thgdhickness

process, i ch.also. 0S| athi.n protective layer on the sid |l of the
ot or osih TR BARPHBRRA e Bolstlifs BLE 38k X ne § inelihe BSrIC G BhY, o o

sel ecti Vi, coatifif) on Thel8@awIL 61k etbRing khettuRIAe dhdMEtisg ploBsedadesss gh NY
conditions may be changed to vary the thickness and spatial distribution

of the prardede pvdedidheetchifgstrastaredian firtherdistastion by itheaivbeequentietehing, A

t hi cﬁgr coat &? n the. sidewal |l of the. téhhﬁ? tructur eﬁ as %?el?jﬁtchi ng

pr ocbibds HEESET of FocER e RS TgppmaL PR 101 P nomes et arer R Aifor

di storti %pﬁxtetst@s§me§%&mongrt&hs R4 padsivlionahipbd SRiRize® IR UGS $ésOf without
conditions may provide for this. Since passivation and etching are

separ at e iateefpeing widh the olchig prewsd.t i ons for passivation may be optimzed for
this result without interfering with the etching.pracess. During the
deposi €1 on,  t HOWARE B dRBOTHOR, Shalipriadip gahominio s deposiipnoss iy Rot gpeter
greater hias 12 gl "Bt deBosorl@RASItiLOBaCReTHE Libddedr ENVE mifbe Bt YRSl OF
CVvD maybe, but are not 15 limted to, CH3F, CTH2F2, C2H5F, H7F, C2H3F,
Clr-]l4, 1332h HAImiBRHo ! ,Cmmﬂﬁﬁﬂfﬂﬁa@zﬁbﬂd@zfﬁﬁma)%}ﬁ%ﬂ@ Habl4 O:Hsj ?)ldpﬁi&,e_r r edf
that these. m ¢ r al ogen. free or _have . a en_.to carban.ratio o
o gr eat S SRH:fy dr relgarh el fiare micas psegpben fief or BBle oSS,
the carb a1l . j 1 : i - on

| ayer . TRaTAERE o Rl e L B e R i oy
(or pol yarmsgateesd shdmistonforms erthinteechi®sipiant anephets calporadytirt iTha siladeeSiH,
protective | ave been nodified wt tg}eyagre ence_of = so F and H

ayer nma
conponenﬂg@ulfrﬁeu %’Z’éﬂ% agamgrifions siliep fayer Pog@ porphous silicon) qygethet o yi el d
selegtiv LMt i f f ' S8 b
occugés pﬁjéj{% g(‘r'rréérﬁti g? ?@H‘gﬁﬁ’ tg%g{&beﬁtﬂ%r\%? éﬁr}ngﬁ 1cé%{ler rran?%*?ii?%c% ?&hsu h iégfc%%f‘t he
phot or esi ssinefasid Habearpoats.blihe presenoe ofSoiber elemynts, suchde F, mppbe psadabeyieldn

bonbardnent. _The fhi nness. and etc¢h resi stanc rovi des a 25 protection
suf fi ci erfeleclve adivaly OB%%%TF%%IP%“%HSH#&B@?S 5&%‘&&5’8 deppstion; QR BIGFEPBRIY PHW

{et"-jc hi ng OJne but not the other materials, such as on the photoresist mask materials but not on SiQ;

layer, under appropriate ion bormbardment. The thinness and etch resistance provides a

25  protection sufficient to resist photoresist etch or damage and thin enough to allow etching of
the desired feature shape. Other methods, such as sputtering, may be used to deposit a
protective layer on the photoresist mask before etching. The passivation step is an
independent step in the etch process which may include different combinations of deposition
gases for different etching applications of different materials, where the deposition provides a

30 protective coating around the etching features including the masking features using possible
multistep gas switching sequences. To accomplish this step, the controller 535 may cause the
first valve 537 to allow a deposition gas from the deposition gas source 512 into the process
chamber 500, while causing the second valve 539 from preventing etching gas from the
etchant gas source 514 from entering the process _chamb er. The controlier 535 may also
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the desired feature shape. O her nethods, such as sputtering, may be used
to deposit a protective |layer on the photoresist mask before etching. The
passivation step. is an independent step in the etch process which may

i ncl ude different conbjnati 0 it : I 4di en! chi.ng
applicati S?fgméfl?ed? ?‘?’%&é‘ﬁ?ﬁéﬁa& IﬂetP? Qfsg,gﬂﬁégéié&)?ﬁesgg%g%g%@i%g 316‘? g%/al éé%gﬁs;p%p
prot ecti vey@.08kd BéhtpslRu Rthylalte behedd ©Gohal e emfirpedssatieNoackkide FR0bIGE
features using possible nultistep gas sw tching sequences. To acconplish
this steppresheedbabiasiondhe 9dsiraie,and yggeus temperaiyrsy val ve 537 to allow a
deposition gas.f .th epEsi ti as_sour ) | t. chanber
500, while caugiaﬁg?tlﬁ3?%b§%§ﬁs§Waq%&ég%a§§mFtF§ lEf)trn(]aI eﬂr’f‘{l'lss%g ]12? gﬁ%sﬁéaﬁégsan rom

t he

8t chanhirgasepSRURE Brfafed dnHBdaNéR off i ihikthocess chamber. The
controller 535 may al so 13 control the power supplied by the first and.

second RF sources 544, 548 and the exhausaplgdp 520. The controller may

al so be used—-te-—eontrol—the—vwater—pressure,——bagcksige—t ongy pressure,
the bias{on the substr_aP’ée,feré‘?@WFi oﬁ@%‘%ﬁﬁ flur ¢ MOSERETENTd | 5| 5 tabl e of
some of the paraneters|that may be us}gg-lg'bn a passiiyaht®n and 5 etching
step in 1he preferred enbodi nent of [the inventionl Table | Preferred Range
Mor e Pref @igssdolast Pr ¢B60vells Range “RideoltsBi as Yol 30geits50 volts > 100
volts > 800 volts Bi-as Energy..=50-eV—>_100-eV—>-300-—eV_Thebias may be
provi ded | Bjasdinesgng a ¢ohlednt vol t qgel¥eeeen an |dpfhe¥l ectrofle above

t he substrate—and-atower—etectrode berowthe substrate—tm the preferred
10 enbodi nent, an electrical negativity can be fornmed on the substrate -

hol di ng t hﬁebﬁfSQﬁayE@ﬁﬁﬁric@HByglaBﬁfanaﬁﬁﬂ Wiiage Bethicas af appdreleadas ) by
applying a radio frequ ) voltage supplied by an RF _power generator-.

TEi s Ihas tah@VﬂletJhﬁ eul_nstr@te:%\léwgr elpeirodsbglosy ﬂ@lsyb%ig@éﬁ'- dadhpareferesdes towar ds
o eotl carmiatma: B ghidlyy hn ArTER M SR AR b Mater

: tage. 15 It
i's, ther ef,0k&ialPARSERY Sppifing dRRsYo Rtwied)bylapplyirih RAfbBEgIFREY (RaNer gy by

controlling the RF power (and hence the RF voltage) aé)cﬁ-lled to the
supst r at e vhisagteupphledkby an RE poxierigeriezgier. b bas theredfestok dipwinghe he

h [ . k 404, f f -4316, . ' C. Etchi
ol i cati BRETRAY cheed aboBhio frat RGP oo SR el bbired Conact |

etch (hi gleReRREH byahé SletirivhiBRbatlikRGhtroN e iR aapiludeds thoRHUliage. t r ench
etch (shallow or déep), self-aligned contact etch, gate nmask open etch,
cont at  eflidh, theieford pissibler tocupnly hnd varalthelprdosdaeiney caeel by ¢oplrollisgascene
trench the RF power (and hence the RF voltage) applied to the substrate holder.
Next, the oxide layer 408 is etched through the photoresist mask 404, to form a
feature 416, as shoWn in FIG. 4C. Etching applications may include, but are not
limited to, a dielectric contact etch (high aspect ratio contact (HARC) or damascene),

20  conductor trench etch (shallow or deep), self-aligned contact etch, gate mask open
etch, contact etch, via dielectric etch, dual-damascene via etch, dual damascene trench
etch, conductor gate etch, conductor decp trench etch, conductor shallow french
isolation etch, and hardmask opening. Preferably, the etch uses a high ion energy to
provide a directional etch. The etch may remove some of the protective layer 412, as
25  shown. All of the protective layer on some of the surfaces may be removed. In this

example, the protective layer forming the side wall on the photoresist 404 has been

removed. Other parts of the protective layer may only be partially removed. In this
_example, ohly part of the protective layer 412 on the top surface of the photoresist 404

has been removed. In other embodiments, other parts of the protective layer may.be

30  partially etched way or completely etched away. To accomplish this step, the
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et‘ch, conductor gate etch, conductor deep trench etch, conductor shall ow
trench isolation etch, and hardnask opening. Preferably, the etch uses a
high ion energy to provide a directional etch. The etch nay renove sone of
~ the prot t I | on sone
of the sﬁcr ﬁla\éggll %f&gﬁé{ug%ﬁ%gﬁﬁ V?’ﬁ%\tqﬁly t@ls rﬁ’aﬁ%? 0? ?‘11% %ﬁéﬁg@ iggééﬁ I}Jtlyer

form ng tthedspabeucymgds sﬂm‘cé be2 ﬁﬂﬁﬂﬂl@&ﬁ@dﬁ&ddﬁﬁfbeﬁ&m hegl caiign@itrGecédder parts
of the protective | ayer only be Eartl ally removed. In this exanple,

only par tvadte 33etoppliopetbe PK‘P &pefromthe eighard @as W@ﬁk"d@@%‘f mttfhﬂlephot or esi st

404 has heen._r Q Lot ective
ayer mmyBeea FaRpai s Sl Bh S S0 PRk The TS ubBiee b A

acconpl i sfacdii RFSbeRes me54&511@@mhg@ihb@émﬁ§5ftmmﬁm9mfnbszbItds st val ve 537
to stop the flow of the deposition gas from the deposition gas source 512

into the q@ﬁwamawaﬁﬁ@bmsoﬁhe ogritradler mgs ialsg besedocbanize the Wager539 to al | ow
the etchin as,.fr.o the et ch n as sQur 514 t he process

chanber | TRRSE etor I eadis it RS sl Bos aceSmpilMeBe iebe + ' ot and
5 second b e%@USﬁi%%ﬂﬁéétch%{éﬁu@&%ﬂh&%@bh@t&ﬁbﬁdd&&tﬁkcﬁ&?&l@?&h%‘ﬁ punp 520
to acconmmobdate the etching. The controller nay al so be used to change the

vaf er  prredgueeforpacgasiispropided dureg thertthy dticqedyne fpenatgasessnaobg deonmodat e
t he chin Sin th| etch uses h ener [ to provide
2" Rt e RS ot bopn fSnisrPef-and BRESSHrubbte sk GrEeset cp. The
pol ymer f%qu rCIQﬁ%e@H”%FP%FE Qhd t@ﬂ%x méeepo%@gr f%ﬁﬁéx%@és whhiHIbRA M bons,

and hydrof 'Uor ocarbons, such as CAF6, CH4, C3F6, C3F8,
‘and CHF3. poTjnnslelapﬁltwte:s cdnstandy a@hadwdwtnhbdiafvoyd\nmg tholeiaher | ayer that is

constantly ad ed. away during the etch. Tabl is a table of

some of the pgf%lﬁ?fgﬁ SOt S o i s B S e im e elbhg pippes T

preferreg %ﬁb&ﬁm‘eﬁ%f‘tﬁ@’ﬁ%ﬂt&ﬁ 15 Table Il Preferred Range More
st Pre

Preferre erred Range Range Bias Voltage >200 volts > 300 volts
> 4005 volts Bias Energy >200 eV > 300 eWabledDO eV After the contact hole

is at | ast p:\rflglly ntr- :\rlnf cm.nati-on do_on \nhnfhr to etch

more (stlep 316). This ;Dﬁ?feﬁédgé%’é’ b I\@T%B’Eef‘?ré‘?fﬁ ﬁMPStﬁ)fefe&]@ang a
measurenment. If norejetching is des ~then t chss cyclies back to
step 308, where an additional 20 prptective_layer I s deposilted on the
phot or eqiBias Vadtige as gh@60 volis FI G 4D300Rolthi s epanpd eolid he rgqmai ni ng part

of the OW%WMW
Bias Energy >200 eV >300 eV > 400 eV

After the contact hole is at least pariially eiched, a determination is made on whether
to etch more (step 316). This may be done by a set recipe or by taking a measurement. If
L j . ‘more etching is desired, then the process cycles back to step 308, where an additional
20  protective layer 418 1s deposited on the photoresist mask, as shown in FIG. 4D. In this
example, the remaining part of the old protective layer becomes part of the new protective
layer 418. In this step, again the confroller 535 opens the first control valve 537 to provide
deposition gas and closes the second conirol valve 539 to stop the flow of the etching gas.
The controller 535 may also change other parameters to accommodate the deposition.
25 The contact hole is then further etched through the photoresist mask (step 312),
providing a deeper contact hole 416, as shown in FIG. 4E. In this step, again the controller
535 closes the first control valve 537 to stop the deposition gas and opens the second control
valve 539 to allow the filow of the etching gas. The controller 535 may also change other

parameters to accommodate the etching.
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Iayer 418. In this step, again the controller 535:opens the first control
val ve 537 to provide deposition gas and closes the second control valve
539 to stop the flow of the etching gas. The controller 535 nmay al so
change ot her pgr rs.to accomodat e .the deposition..25 The, contact hole
o U hen U t o BUBRG BTG OO P e S e Lt e 3 At ng
a deeper £QBiaLmnofOlAn bhbs. Befctdbdyilis Ryt (3 refdated Mot thin S&PHMBM PRy

controller” 535 closes the first ‘control valve 537 to stop the depositi on
gas and ofiemeyclerie repeoteddit bositfrvsitimesal Rhgs G388 may bd tepoated dotdnewf tilnesh may

etching gas. T ontroller 5 al so change other paraneters to
accommoda ‘ﬁéa?sﬁgglgﬁ%ﬁ?ﬂ?ﬁéﬁ'i%yﬁéapgﬁ%‘msy, this cycle or |oop of providing
altergating de Lbh QN [ s Shi .

5 PRIEhD 9NN teabl HRIRIRIE RS didhing ﬁ@ﬁ@érﬁ?l%@s?ﬁ @mﬁ%@@pﬁ C hi g

Preferably, this cycle Is repeated " nore than ree t . Prefer

cycl e i s pepzavethyat, ab elasin foi K&, $En®éhenfiv Srtbprodtehingis desiredpbaplestontsizens of
tines. It . be desira to.. eat .this cycle 100 tines, 5 Preferahly,
in at | ea®sl Keuippef (Rigk Bjé‘% tp w&ﬁfgﬁ’@mxe%qa%ﬁﬁgm %Q%qupkr@é, %&mwlﬁey
protectiv Fp : hddc G - F\%ﬁn ' ' Lred,
t he phot o:rmg'i%? Thﬁ?gfﬁjl}gﬁgs{tﬂrl#%peag b(e gsfn elff\ég%w%&é&%ée ttﬁéé%ggi%ggﬁ ?ratggl?b 08
w th a cofibache polcesskh@mbas5@®hown in FI G 4F. The photoresist mask may be
stri pged in the process chanber 500 or after renoval fromthe process

chanB8r 500. 1B ¢therrmadupepsAnRich step may bt afdediheiprralrpROSfarderoséng e st ep
308 for denositi lGe-fon fec gﬁ,}ésysc%?{a?%_er on the photoresi st mask. Preferably,

t he etchinhg and e deposition o e protective |ayer are done in the sane

chanber, but nRjefdreblgpie ctohirg dnfleheddposinaniof itk prévecioielager arOdbhe’inGhe gaGe by
LAM Research Corp. of Frenpnt, California maé be ada&t ed to performboth - .
t he deposfhangt.dngmpy bsidore 4t diflsrentehambery Al EpelantPBlr 2308 llé‘idglb}’aﬁl@ddone in

t he sane M G Y G e . eposiki o ) ..
qui ckly. %g%ﬁpq@e%e T&H%P%Pﬁtap\sﬁﬁ%%? L?'%g b%ha(%%gtlr%g : nasﬁét%%%&gg%%ut
are nst | édgh biegs. t Dintdithe depusitiori@iiedtet merlont e kahe shahberseifiling Hetvil@ thdJV

phot oresi st, 193 nm photoresist, _ 157 nm photoresist, EUV photoresist,
e- beam phetnosisiengnd eighdanay hedonsiggickbesi st. The 20 ol der generation of

Ponds, - subhugie Rl FRARHARE ARy RThAE el i, BhEE pot BB ISHEC, o

the requi i@ceripegétatdic b plibtoresiis sihGe, ddeaEV yhotehei¥, d38 o fhétfsktt 0 t he
et chi ng ?as m xture. These bonds are strong and require a high activation

ener gy t ol bt walphaivgesistHdY¥hotoresast, ¢-beaim phetpresisband rrag pheigressst. The ol der
Sem et o SN B SRBAR s BA S LoAd © Lo the
unsaturated C-C bonds, such as the C-C double bond and even C-C triple bonds to
provide the required 'high etching resistance, namely, chemical inertness to the etéhing
gas mixture. These bonds are strong and require a high activation energy to break and
therefore, at relatively low ion energies, the older generation photoresist can show
25 remarkably low etching rate to the etching gas mixture. The newer generation of
photoresist, including 193nm and 157nm, does not contain these unsaturated bonds
because these unsaturated bonds absorbs at the lithography exposure Wavelength,
leading to much reduced photoresist etching resistance. By providing a protective
coating on the photoresist during the etching phase, using an etching mixture
30  containing at least one passivation gas, the etching resistance of the photoresist is
much improved, even at high ion bombardment energy. The high ion bombardment
energies at which the invention may improve etching resistance of the photo resist may
be 50-2,000 eV. More preferably the ion bombardment energy may be 200-1,500 eV.
Most preferably the 10n bombardment energy is 500-1,000 V.
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photoresist, i ncl udi ng 193nm and 157nm does not contain these unsaturated
bonds because these unsaturated bonds absorbs at the |ithography exposure
wavel ength, |eading to nuch reduced photoresist etching resistance. By

“providing a profbeGhiikeex Ling on the photoresist during the et chi ng
phase, using a’r'\—e'[‘c%}iﬁg%me 30 containing at |east one passivation gas,
t he etching re&ispedficexafiplebéttptinvates) Ht eichingmBi0; layer withd, 198 \whbloadsidti gh

i on bonmbardnent. energy. The high ion bonbardnent en_ergllées at which the
i nvent i orfagAadAhesias artipilerdve stz RéR (rbetweendhe SHOx laxsrand fhgphageresist

50-2, 000 _ r i . ter@N 200-1 oW
vbst . pr or s Mo FEb AR 3R b for (UL Shalb 207 6 s dIRPeRS etelfict 5Pt ng
exanps e ABARErdtih { st Dhc BARJ stviehis Dfressutd ol 10hilGtosr, Hhidh thayss sépi t h
a 193 photoresist mask and-a bottom antireflective coating (BARC) between

the Si 02 yathecontierpend s d O dag ethaustpyp 320end ke Exw raa tinpugipte@as st he

per f or mec - rEe AN atAl! AELPAREFRI ARG s O meer st Wiy ve e

by the cafédtRRIBEBb4,'5080TheCRN chBRisBXIAPSH sRIHFY 2RneWsdeRtof W@l Bscem
through the gas inlet 543. The power applied at 27 MHz is 1200 watts, and

no power afiO2 Thezunpier elgefroderid4 isplaced Badsmpoaturs0B180fKe Bhecthuck dormsdrhy i s

S04 10" piHeder deleetpde SF RilosTar 105l 100 01 PRl mg 6% fo¥Fomer
el ect r ode,ali@rd Sf HMAGFH plicedat BRE. 3 BadksRib obthr Gond Rk pedsdieiOPREZANS

chuck pressure of heliumis placed at 15 ton. A backside outer” zone chuck -
pressur e tog. ghfuedxanpleshe BARC kightihingindsinerofoe 50 sbeonBaRThecaiwoller 53 nt ai ned

for 50 seconds.. The control |er ontrols se paraneters. . The
ddi £ ondToTAL LB AEE S BET L BP0 O oG BeuSHap PEavAde SiRpRon
The addi t ARY o(gASTROMIG orh Bad Ritrdc 6B VepRBLR I Ao 4AS S FRLY OFre THE

15 third valve 541 may represent nore than one valve, so t
addi t5 onahird¥sbs 548 yndyerepicsoid pene éranlope volves sol thaidthb yddihenal @gasesmhdyeve 535.

For an Exel,an 2300, .a. back side pressure of helj | S, used t.go cool the
chuck. THEOEEERESREToNGOR Y SaBOPHE 530 FAner EaieR Ose By sk e Mivere <
Cl oser ! Gieufabeld Blooblhe e ARCEAMNEE12308 Glighd ForRhaRs PRcMdEN 1S
closer to the outer edge of the chuck. The controller 535 is able to
control tpressargwdssusetnse20 the ceypasifihechuok ahdhen puiet badkside prasywae wiskch is
performed.in the Exel an DFC 2300 at_a pressure_ .of 50 mllitorr, with 800
vatts appilPed e R T O pfpRed 35S Bl contial tieae peseiireon
chem@try is SQY.566mPbt it JRAANA | EXREnYRRE D360 S5 $:30%wd S
pl aced at a t errpg’?at ure of §806%3’QT ermf)@%&gﬁ@geg( at a enper atPEJr e o
10 C. Theof SanitKiote wiithri wasepplietdt A7 dikzand 400 wetlsiapphiédsat 3 Méld THe 30
ton. The backsi de outer ,25)%e : .
deposition chemmstry 1s 500 scem of Argon and 50 scem of CH3F. The upper electrode is
placed at a temperature of 180° C. The chuck is pléced at a temperature of 10° C, The
backside inner zone chuck pressure of helium is placed at 30 torr. The backside outer zone
25 chuck pressure is placed at 12 torr. In this example, the deposition gas source 512 would
provide the CH;F, which is not provided during the etching. The argon may be provided from
the additional gas source 516, since argon is provided during both the deposition and etching.
The controller 535 would open the first valve 537 and close the second valve 539. The
controller would also control the flow of argon from the additional gas source. The controller
30 535 would control the power and other parameters as specified above.
An etching of the Si0; layer is performed in the Exelan DFC 2300 at a pressure of 40
millitorr, with 2560 watts applied at 27 MHz and 3500 watts applied at 2 MHz. The etch
chemistry is 400 sccm of Argon, 36 scem of C4Fs, and 30 scecm of O,. The C.Fg would be a

polymer former gas, which provides polymerization during the etching. The O, would be the
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25 chuck pressure is placed at 12 ton. In this exanple, the deposition gas
source 512 would provide the CH3F, which is not provided during the
etching.” The argon may be provided from the additional gas source 516,

cont ror | Sicing et 50 AlttohB%e Al Fob B35 ihiad P RSN RerBe Worng Mo e
539. The cxaRMd Rlguaes ﬁﬁ}#réﬁeﬁéesd? o‘k‘?%ﬁnrte leniH1€ efch@Wy. The %f)?ﬁ*blédﬁ%ﬁb §¥laced at 2
he controlTer r ol g

addi ti onal gas sour ce. The 30 535 woul d control the power an

ot hfer pa(rjtax_nptsﬁls'egxfligﬂeebfzﬁcémglgb@medAha@mme?Ejgﬁ@. _&Ffjbtklsmiyennqrizﬁnz 00

per f or med i e Exe . a regsure of 40 m]j]litorr, w

et t o apiiEE DS NPl Bane AP ok o BRrkfasiS ng chudcprersie s placed

chem st ry,i 0 : K .

CAro youl i pa0a" BERTLRImAE R0 i BRARe AT B ET s i

]E Ihe et chiingot ﬂ'ﬂ&ﬁ:d}ﬁ_'dmmgdﬂldx&pbki?on, _JaTthemgﬂrTL‘ﬂ? lwittm_bt @ryggaﬂ]a_yluctﬂseuh ghnﬁimme
uorine from, is us i_n_et ching, ori | i exanpl e

requires QWQSIHPEsgﬂ?@éOBV&g?%QWOP@ g‘gﬁ%{"%g%? (‘favﬁagﬁ?@fgoﬁfﬁﬁg? seqopt valyge3Ps

placed alrg, odnbOitef RbHicus cohifi fre Mwdttibor SolliRESthifna e of 10

C. A backside inner zone chuck pressure eliumis placed at 30 tort. A

backsi de @utreliez$dewohidaionirolths power shidpitiet pdrametdrs Pspteoified abavé.hi s exanpl e,
the etchant gas source 514 woul d Erovi de the C4F6 and 02, which is not .

provi®ed duri nb thie*d it e B ehyis perfprnsd for sl cecorglgeNerathche used

during dg bt The I : | and
open the SBaagh SR msPiBisGRR it Gep 398 i BUiiniRadaE 0 Weohid Bk omids O
argon fr oivl¢ Bectetctdi for D sdcogds(sep B12R. Thehahe depuisitionl of the@btestivd thyeost r ol t he
power and ot her paraneters as specified above. 10 In this exanple, first

the BARC rerfomned forel sscards (sisp 388). Sthekrbsof thfature far 25seprnds (step 357) anddhe

protective | ay ' f . Lot h t act
ol e s cpnBoh of HsgRodtile feier 6L IR0 Qlep 205 PESGRARY Pliimel. "R AT
prot gst i vech ay@e fegurelis pérdorird fhi080 ddomiqerds 185 UHR 3OR)is cdipletidoftepi316he
feature for 25 seconds (step 312) and the deposition of the protective

| ayer f orangighe pheoteesist it drpmeddytep 329)e Jhgrederes whisexwmple, Mefdepasition(darch of

t he feat i s f f 8 312). The cycle is conpleted
(step 31?3(%)gﬂgi%ﬁ}g‘%ﬁg?@r(gisc}eslgpc?rg&g{%g?%é%é&?%sfep 320). Therefore, in this
exanpl e, the dgpemkt heBtisiR this 5089 scanéhcRicah bé strRRn3d2) cycle is perforned
for 5 cycles. Another notation for this sane sequence can be witten as: 50

sec. BARG{(teshBAR(Detshc 1Giepolrppsiben + 45(d52®csdel +dPshe. deposigem + 8@ pass eichon)

+ 80,s5ec. etc 20, 1n thi.s ex I t he pr.o i | ayer..is eferentially
forn@ion the Tebf sxaiels P RO aviEr REGHARLY Yo mp bl 2o byl
layer is §fthé kRburdbotthet tH@Eiﬁt@ﬂde $dySeiahiterdn thbakleaddisiBewlodY thE fdahife

bottom of the feature or that no protective layer is formed at all at the
bot t om ofthan pe thegtipnpof the feature or that no protective layer is formed at all at the bottom of

the feature. - , )
Different conditions may be used between cycles to more specifically tailor the
25 conditions to the process. Additional processes may be added to each cycle. Although in this
example the process chamber is an Exelan DFC 2300, other modified etching systems may be |
used.
FIG. 6 is a photomicrograph of a Si0O; layer 604, which was masked with a 193
photoresist mask to form high aspect ratio contact (HARC) etches 608, using the inventive
30  deposition of a protective layer and etch process. FIG. 7 is-a photomicrograph of a SiO; layer
704, which was masked with a 193 photoresist mask to form high aspect ratio contact
(HARC) etches 708, without using the inventive deposition of a protective layer and etch
- process. As can be seen by comparing FIG. 6 and FIG. 7, the inventive process of deposition

and etching provides the desired pattern transfer from the photoresist mask (the original mask
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"Different conditions may be used between cycles to nore specifically tail or
the 25 conditions to the process. Additional processes may be added to each -
cycle. Although in this exanple the process chanber is an Exel an DFC 2300,

2 5o T oy e A RAARRORBR fpa Ryl B ol Rl KRS B

hi gh aspegie gritfriagt raeRb@6f an( dHARGIthSIt e SeoBition W5 b p@tédﬁ&ei@&e@ fér tHE phABresist
deposition of a protective |ayer and etch process. FIG 7 is a
phot oni cr egisaph distortiosp e prgimel miemswiviich inepparet kelbe wiglecteic laysr as shown

ph i k t.o f hi gh; i HA 70
i Chout - uBY HF T e it oes S Bther il nf SRAGE polAXHiNE’ ThG Bediesiive
process. AyeLENtHeSi&SRNs BYthe ?[{E@fésm afid featufe ARG aksb Prevént StHSHON VGRS M8nd in

process of "deposition and etching provides the desired pattern transfer
from t he phoe erchgiretesseask (the original mask 18 patterns are arrays of

circular holes). in that the.contacts ar re circular. On the other hand,
Che br cor art - RbeRmieage BvidER R niite fod e equisay el Moot ot Aetcked mpsk
| ayer for g ﬂﬁ?} ' iz i f s cHHOal: ; ,
which is gl?)lggr e tB%ﬁt% iﬁgfgliStg%eb?ﬁ)?iogorlg%%ggsggﬁsﬂﬁ%m(ﬁhﬁ%;?g%ﬁgT?rlgrme‘%?lﬁlgggu ar

shape of tle pecondabtitchoichsesahisiatbsscdxpesserinn astadkpd abisk pradess.pr ot ective 5
| ayer .on the si

evwal | s of th hqt oresj st. gand feature .may al so preyent
striaPion, thatT%feia'a%fm qtshed sipbect ‘Sﬁi“’ﬁﬁf’& 65 (05 #181iFoR @RdPbA CBP%‘W’HES a

nore cost | ¥ Pl PSEESI _ ; &q&% ' B
producti 0}13‘?’%% &ghgt acg%g pholtlégﬁi?gioglgﬁrg‘@s%%figén%?% co P?gz‘t& ggla%#%%fgé\i}g%ta? on
may al sosipicor niteddaid slicoatoxdynitéda)l For eithing asopdpéndeaydrizalogensi suckasl nask
proocess. 10 The ]| ayer tq be etched may be a dielectric |ayer (such as
silicon ofhgEyS, EBRAIOIHES, Il‘flé){/g? uged ja theeiching siep.aneers the dprsigion sayer
type of SSSB@%’L@'%&?&@SM 8 adholiith SRS ':?;Eiﬁﬁ oféﬂﬁﬂﬁﬁﬁ cotilailifigQ; i tri de and
silicon oxynitride). For etching a conductor |ayer, halogens; such as

chl ongne, fl uofh e preferréd anbedimeneyf the inveetb, it it Hesimblhthagsosieogs thevher e t he
deposition may contain chem cals used to deposit a Crich thin filmor a
thin fil nPeBReRENS pighereposition gas ae nof Brxsd Wb eompenchis e the eichgas. SR EPHA,

it is desjrahl ' .k it ot
i xed wi 1 s aes BB Ancy B naC BERARRRLR Rhodfith AEPATH pLRRLO3% Flduf

ef fi ci encihedfonfraMemdhoaldspathateas flewe so tHadonagd ieldagiictpd befesanotBergas ésul t
the controller should tinme the gas flows so that one gas is depleted before
anot her g&@dqu added. 20 In the preferred enbodi ment, the etchant gas from
t he ching ga | - Dr Ol SR - ' nber
duri 28 t he dep?ﬁ% ﬁ}%itt%%gg%(ggﬁg‘gnddn ]tg'%gmcfgeg%éa}n?g%sn@ogrgi& "If%ﬁé %ﬁ%&g%%%g ?‘[g?on gas
sour ce i spRYiddartethesesnioprobesibahamber deRgihd\depobitioh tepdindi the dégiRition gas

from the deposition gas source is not provided to the plasma processing chamber during the

3 etching step. This may be done by not providing a component of the etching gas or deposition

gas. For exaﬁlple, oXygen or an oxygen containing gas is a key etching component to an

25 etching gas. Even though C4Fs 1s also used in the etchant gas, etching cannot be accomplished

| by C4Fs without oxygen in this example. So not providing oxygen or an oxygen containing

gas during the deposition step is a method of not providing the etching gas during the
deposition step, even if C4Fs is provided during deposition. It is also preferred that the
deposition process is a non-etching or negligently etching at most (comprising less than 10%

30 of the layer to be etched) for forming the protective coating. Such a deposition process may
be, but is not limited to, CVD deposition or sputtering, since CVD and sputtering are not used
for etching. If the deposition gas is the same as the polymer former in the efch step, then the
deposition gas may be provided during the etch step. In such a case, one difference between

the deposition step and the etch step is that an etching component of the etch gas is present
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etching step. This may be done by not providing a conponent of the etching
gas or deposition gas. For exanple, oxygen or an oxygen cont-aining gas is
a key etching conponent to an 25 etching gas. Even though CaF6 is al so used
in the etchant . . chi : | F6,wW, t hout oxygen
n s gty FAENT doaRRgh U5 AAG RIS e et el ribigRr O OO
during thﬁodﬂgﬂﬁhﬁhﬁﬁo@ﬂeﬂﬂﬁﬁgji nmet hod of not providing the etching gas
during the deposition step, even if CAF6 is provided during deposition. It
i s al so pref erkretiditgt sapaeate denssidionisten apd dicagssense of the pobaadrifenayto provide

negligently etchi.ng at. St . (,C [ Si | ess.t-han 10% 30, 0of .the_| r to be
ot ehedy gty il Bt R Aty b SRR sheidl Senbieshin o Bler 1oy
be, bat i SR roké Hd Bélick @aisEMYidleRRBEL i O or sputtering, since CVD and
sputtering are not used for etching. If the deposition gas is the sane as
the pol yner foBysecning paselvetioheaseely, antdidnng metuge aspedsiie passerhighebe

provi ded during. the.etch step...In such case e difference between the
deposi ti dﬁn&leégleaH&ath[ngm&chle%lgﬁroisgntaﬂgfla@ﬁgée?fgﬁ? ﬁ%hjcr’&rfﬂﬁs%e‘nt_ of the etch
gas i s prgagnbnatly, SniSGtkopidbching clhilBe Sitdved d@Rng tHeiAsshid d1Qhe e power
during the etch sfep may be higher to provide'the directional etching. .
rr ovi di pagstqo.sﬁjlo'amag .eepamtc)r piiﬂ(ilm!.’mlsst?]ﬁ%, anfﬁlf] hm: madslﬂomno{l rc]:al‘nl:ze pol ]}/rrﬁr 1;] or mer
0 provide . polynerizatio uri e etc e 0 e use of . higher
ener i) etemtinhiged BHEesEn{og FErmER ot passaion el ryafite ok EsE opi o

etching. BYikeaRLe eeﬁﬁie%aﬁﬁgﬂ%ﬁ?ﬁoﬁukéu Wmﬁéteﬁshggﬂi%ff&;ﬁ hd inkeg- POSSi bl e

to use higher 10n energies w unaccept abl e érosion an anmage of the
et chi ng nmesd&ion ofidthtingoamdl retardagion getes apthe ditchign gaw degrbde e lgueligrd{dher i ng t he
duration of the, etchi step.. By using separate passivation steps, profile
and mask ‘iﬂaBP%cf‘ﬁ. 0 Qﬁf’ﬂg%ﬂaﬂ){%ﬁ%f@gﬁﬁg&eﬁmgwg@ POPISSSUES G, a

. passi vati b ahai bediih bt durabl.e coating
than pro ucg%gbg’n %ﬂ’:ﬁaﬁg m chrﬂfggers{ﬁ%greop?ﬁ%g?m}% - %Ig%tf;otn?ég%ﬁ%r et chi ng
and t®t argehiaothegampesitionfthekdesschar ge can degrade the quality of the

coating. Additionally, the passivation chem stry conditions, such as
pressure and CHHeleH P&&P‘Gﬁ,g “i‘%%@feflhi"‘}sé‘rvéfép’%@ ¢R-RASSEVALRR St¥PBpert i es of

t he passi i 4 ithan  thickness. Therefore,
by hiav; ngt P RdeLBLaa o, doettin i pARE Mekhton ALRTERF - | Cccasi ng
condi ti ongpcatial gasesi wapbe Aldependepidyperntrofleé satikdeto provideaptigyl and

processi ng gases, may be independently . controlled varied to provide optinal

condi t i or@ngswnéawa%h g fq)prﬁmfiia&@paw%?&tqom%@ldc%@ﬂtﬁgmaﬁagan opti m zed
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and deposition. An example of another inert gas would be neon.

In an embodiment of the invention, the chamber wall areas, which may contact
the plasma (a mixture of chemicals and charged particles sustained by the electrical
discharge), are made to be as small as possible and to be maintained at elevated

25 temperatures. The object of this is to minimize the total deposition on the chamber
wall areas so as to avoid the so-called “memory” effect, by which the chemical
elements contained in the coating of the chamber walt areas formed in one processing
step can be released to interfere with the subsequent steps.

It may also be desirable that the gas travel time from the precursor source to the

30  processing chamber is made to be very short. The gas flow stability time, denoting the
time to establish a constant desired flow and the time to establish complete absence of
the said gas at the processing chamber, is made to be very short so that the transition

from one stable gas mixture composition to the next can be made to be very fast. The
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and deposition. An exanple of another inert gas would be neon. In an

enbodi nent of the invention, the chanber wall areas, which may contact - the
pl asma (a m xture of chemicals and charged particles sustained by the
electrical ., discharge), are made. to be as snall as possible and to be

mai nt ai ne@PI&Ft R af Bpvorl nmrarins fchemippls beljeepiwe diifeirat stepsy Whighni ni ze

t he total ) ﬁﬂ%ﬁg hanmber wall areas so as to avoid the

so-cal | edcg?ng%é%/qﬁgp?@%t, § which the chem cal elenents contained in the
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‘released to interfere with the subsequent steps. It _may_ al so be desirable
that the gemrollingthe conygsiop gftherrdechicelprwdintosgedectienl disghargoresetscessi ng
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very .short so that the transition fromone stable gas m xture conposition
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the contr gk ré}RheaKarze Alinbet bf tRfes16c8OPNMRIItRIMR o BfconliBo®h&Edchistpl power
into an electrical discharge reacts 5 very fast with respect to the

chand®s oinushee ehanghagvgeal diorvdi Allomengsveh puwess qoadiiions tebe shanged t hernore, it

desirabl e to, _be abl i ckl d stabili t t. ext |
Cond ¢ 1 onduisRAle v Bes Beleh gl e a3 2 nefes ptdionbrberpeg s "
mxture aggoif@nilEpRekat stefs Bfoptitfzd@kE f%te? WREViaaAe,. Thderd RendyWsdli fferent

'steps may “be repeated a |'arge nunber o i mes process conditions to
accommodabe desichlesipdiave @ centedl compathnreyesystemahaflis eblews comrdlamiing such

process conditions.to b hange ui ckly all f a faster, cycling tine
na al | ove e ibe S clmett 4o Wopsearpebions. o vacimrys BvRen st aps
to opfsi M 2&ERednmMEBRo? Mdinfuidalchineed ART §hSlirBnizk wilfPy pl dfernPieadfat rabl e to
~ have a central conputerized systemthat i's able to control and synchroni ze

t he rapi ddelpngf vagiovs devieesproddigithgplomibity of eonditiofimhacgasputler is used to
15 send conmands f.or bthe requi red changes and synchronize with a
pre- det er RI47E8R8 TAE™MYSE| ays of various devices providing the plurality of

condi tion Cha’iﬁ@%eﬁ&iﬁd?ﬁstﬂf R&FesthPGec \RERESHf difibRnfePRBLtHE §hep May
conprise a series of different coating steps. The etching step may
conpri se atchimpisep mby cirhpresearderies ahdiffgrest eplung 2@ps.
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Trench Btch Bxample

FIG. 13 is a high level flow chart for an example for forming a dual damascene
feature using a via first scheme. First a plurality of vias are formed (step 1304). The
vias may be formed using the method described in the previous example. FIG. 14A is

25  across-sectional view of part of a substrate 1410 over which a trench pattern mask
1428 has been formed. A first contact 1404 and a second contact 1406 may be placed
in a low-k dielectric layer 1408 over tﬁe substrate 1410. A dielectric barrier layer
1412, typically, but not limited to silicon nitride or silicon carbide, may be placed over
the first and second contacts 1404, 1406 to prevent the copper diffusion. A low-k

30  dielectric layer 1420 was placed over the barrier layer 1412, First 1440 and second
1444 vias have been etched into the low-k dielectric layer 1420. Partial plugs 1448
may be formed at the bottom of the vias (step 1308). This is an optional step. In some
embodiments, this step of forming a partial plug would be omitted. A trench patteméd'

mask 1428 is formed over the substrate (step 1312).
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Trench Etch Exanple FIG 13 is a high level flow chart for an exanple for
form ng a dual damascene feature using a via first schene. First a '
plurality of vias are forned (step 1304). The vias nmaybe formed using the

et hod d [ in th L evi Je. FIG 14A is 25 - ti I
T o R B S ESTB S S e Do S5
b f ' t : : b I d
con o T ok SATBFon IR, 690  SRoql FAPAR HRBRCE o o

in alow ectric |ayer “1408 over t Adiel ectric
barrier |sidesvalls bdiize vinyyiticaplhgma daposition (dtepri 3 K6} ahd exhingahough thel eskor
silicon carbide be pl aced over, the first and second_contacts 1404,
1406 to gFepdat2k @%‘aﬁ f?ﬂeﬁﬁeggﬁﬂe}ﬁhe 20q o ihg otely (gfer 1844 T2 pesfared 420 was

pl aceg ov. : ' 1y ' alo B 4 yias have
been sejt ch'c%tic}3 Oltd%?lg t’ﬁﬁeé tF%‘ﬁi‘ E% icg%ié?:stzr? P éé't{déﬁ;é%a%ﬁg%ﬁﬁﬁaﬁoﬁgﬁ regﬁjréggig’ t]%‘348 may
be for nedreiich et dyoletiomepehtel htlest d8ed Sinef NBABprefefdbly théiréth@pdh &Rf St ep.
In sone enbodinents, this step of formng a partial plug would be omtted.

A trench ipFpeaicd&d leagtlive imeg I is bebigvied dhad dlg stepisr Bumhenodciclesallows 312) . 21

The | ow | ' .04 1 ' e . etch cle 1314.
The tr e'nkfgﬂﬁg%%% ts!:df gvlalcia1 gﬁcgﬁaépﬁl rgrdp{rv?tg%g&{ ﬁéies tq g%‘g'lr%ftgéggeggﬂqnnlﬁ tgx%P%t ective
| ayer on dndgedied gueding. BIG.118 ivharosk-bittidnkl AsW @8R @S thelsabstiasd £p101316) and
etching through the mask (step 1312). The cycle is repeated until the end
of tHe etadter therptectyaiayen 52 hay bgendepepisde Msefaiahbmthe depesitioreofitheet ch cycl e

i's repeated at |gast. | ne... More. ferably, .the .trench etch cycle is
r epeat ed BROtervE Y %‘%ﬁg gg??}“ﬁgn%lmﬁwlgogt ‘f‘%‘? @E%IPQ%F ‘?Siqcf?é‘v%hﬂc&ﬂﬂﬁhlét ch cycle is .
repeat ed epibddansit foiMea thitlks laykt od the b6 4@ HRE of HRImAskand heRbAE: 1BV  Of
cycles allows for thinner sidewalls to be applied with each cycle,

al | owi ng thepsidawelisiotthe insi Mdsbprsfanehly.dheldennsitioads phe snifacg restia typtB is a

cross-sectiqnal view of rt of the substrate 1410 10 after the protective
hyer 1493 THah g e poRRidnbionidiafalay (oo R iRans Peestses ¢

prot est i RickAX@lonithe &Sp dsSAYIT BRI silldvrAl Rirfasbd PreRhr AT BLEI8HRSIbLON, which in
this enbodinment fornms a thicker |layer on the top surface of the nmask and a
t hi nner |pageass also conf@insisdelwdirgctiond rerheval meshanibmi sushab emadssigtedt he
deposition.i.s of a surface reaction_.type, i i.ch case the deposited

o btect | Vi B seteRHbh A8 ShT SR el B oy s Bt bt Sy Tae SpiERRoss on t he
top as Welrhedds id i08idl dpastbbtiveohidztsn thEveftRbPAlYwall 88 (€ RARIHHIOBr ndT OCESS

al so contains such directional renmoval mechanism such as ion assisted
et chi ng dlepegition enitheghorizentalishfage thahmey imhedestpiegrassionedfitectrerwh appl yi ng t he

deposition. .process i.s.t el d rqtegtive coating on.the yertical
i denial | Sirech i ibertlpresrettd thaf i dePoRUgh PERES RIS Bhe ol sur f ace
that may J,FRELRE MERHERSRER LR 8 &feck § 8T16Rive sidewall protection, meaning that

a protective coating éelectively forms only on the vertical profile sidewall but not the

horizontal etching front surfaces of the dielectric layer to be.etched. A protective
coating can formed on the horizontal top surfaces of the mask pattern since the
25  chemistry is carefully selected in such a way that it is reactive towards the dielectric
layer but not reactive towards the mask layer. FI1G. 14C is a cross-sectional view of
part of the substrate 1410 after the step of etching the trench through the mask (step
1320). Some or all of the via sidewall is etched away.. In the preferred embodiment,
the etching is a high ion energy directional anisotropic etch. |
30 After the trench 1s partially etched, if the etching is to continue (step 1324) the
process cycles back up to step 1316 where another protective layer 1460 is deposited,
- which again forms protective sidewalls in the vias, as shown in FIG. 14D. More
etching of the trench is performed (step 1320) to further deepen the trench 1456, as

shown in FIG. 14 E. The cycle is continued until the trench is etched to the desired
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20 etching- process. It is therefore preferred that the deposition process
also is of sufficiently high ion energy so as to effect a selective
sidewal | protection, neaning that a protective coating selectively forns

-only on the,verti prpfile sidewal | but not th rizontal etching front
sur f aces ‘%P 0 %éepdfl éeﬂ%c? ‘?nctlflf A pgg?& ‘{egﬁ%e& ?ﬂ‘in}?ﬁhﬁlsé@w (5%Bat i ng can
fornmed om3pRe horizontal top surfaces of the nmask pattern since the 25 '

chemstry is carefully selected in such a way that it is reactive towards
t he di el ect riThis papetinirant prevides sidewnll pratestionds praveninfasdtingayide neéd @r 14C i s

: - t | ' t of the. trate 1410 aft t t f
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high ion energy difectional anisotropic etch. 30 After t rench is
partiall yallgploged, if the etching is to continue (step 1324) the process

- cycl es- back to step 1316 where another protective layer 1460 is

~deposi t ed, again fornms protective sidewalls in the vias, as shown in

FIG 14D, Morg , Sleiicigai letorf%letiﬁ%]ﬁfbn'r %daﬁ[lfwfag%ﬁs Q&h@@tﬂjﬁg&)a dufyy furt her

deepen the trench 1456, as shown In F 14 E e cycle 1s conti nued
until t helamaseate festuet wierh vie firdtendlked. r €ths Atk fispétbhddsinrpthd 82431 (stépen t he -

remai ni n rotective |layer and pask.is stripped (step 1328). This.
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enbodi nepllacediytwedntheasrel lapdrlang thigshotblesispaaskl Tn audpecist] wrsaehe of the
i nvention, a Coral TM |l ayer is etched to forma dual danascene feature
using a vepsmaske sdded dQorap syeh miermediale layeished into the Coral (step 10

1304). In this . k- s . .St _trenc
pattern mask 14 Sopanich ofle BRicetOb B el ik YulIb T8l R oelbFhaln
| ayers or thé Beelah AYRT 33 00athepresplurag@ohaili@en withel00av:als appiarl at@7dvizand 0
photoresi st mask. In such a case, varjous etch steps may be added to open

such i nt evafisciPplied ped &z Therispesition sheraistry peofh semcafi Argonafscemntis iad all | s
o e v APl BRALRE Ao g ML B TR g
appl i ed atteipMdture Bii20UEP Tht backRideHaitrsohy cnfckGREssBRUTheRhmAS fRIBed 0] SStogm
H2, and 60 sccmof CF4. The upper electrode is placed at a tenperature of
25 C. Thdhethaeksifig opflengens chick pressppismieasdeat 45 toxp This viee ipearkisd aut fonAsr
zone,chuck pressure of heliumis placed at 15 ton
An etching of trenches into the Coral ™ layer is performed in the Ekelan DFC 2300 at
a pressure of 80 millitorr, with 800 watts applied at 27 MHz and 0 watts applied at 2 MIHz.
| ) The etch chemistry is 200 sccm of Argon, 60 sccm of CF4, 20 sccm CHF3, and 10 scem of Os.
The CF4 would be a polymer former gas, which j)rovides polymerization during the etching.
25  The O; would be the etching enabler gas. Although the fluorine from CF; is used in etching,
the fluorine in this example requires the presence of oxygen to enable etching. The upper
electrode is placed at a temperature of 25° C. A chuck is placed at a temperature of 20° C. A
backside inner zone chuck pressure of helium is placed at 15 torr. A backside outer zone
chuck pressure is placed at 15 torr.
30 The trt_anch etching gas should contain at least one of the polymer former gas
component as well as at least one etching gas component. The polymer former gas is needed
to provide sidewall protection on the trench sidewall surface to effect a vertical trench profile

in an anisotropic etching manner. It should be noted that the trench vertical surfaces are being

continuously opened up during the trench etching duration hence needs to be protected during
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The backsi de outer zone chuck pressure is placed at 15 ton. This step is
carried out for 45 20 seconds. An etching of trenches into the Coral T™M

| ayer is performed in the Exel an DFC 2300 at a pressure of 80 millitorr,
with 800 watts applied at, 27 Mz and 0 watts applied at_2 . The etch
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needs to be protected during 23 thée trench etching duration, while the via
vertial mvﬁa&eyeaﬂeetdpeﬁém%éf ore the trench etching is com*renced si nce

t h d | |1 te diff t dj t h
o 2N v S TS AR sl ot st ReshasCTion of sl dawsaens ptire
mask and qunaebhay ShafiR6idivd fol RS ex: 1& hﬁl@tl%@ 9g t@ﬁ(%@élﬁe R&ﬁﬁec%%ww%m*z

RF power provides > 200 5 cv of ion bonmbardnment energy. her 1on -
energy i sthpdeaﬂldahmscteméwdmg \ipolt (4tse abhmthtothn(bnﬁhayardﬁﬁm AItndmchQSlz is

D Phe: pracdrramge Lo i 358 ? Gis e bk ooy & Bt SLEBRGO PRER ¢ ho
trengd i spelehed, Qirana‘gld?tgﬁl?%g'&é% ;réztﬁé RIuE] n ﬁé& 'ﬂ% /b ah@?r:%% are

protective layer (step 1 e etc trench (step
maybe r epeéil ﬁ:dm@dmlﬂtmegh eﬁnﬂallmﬁmunw;ﬁ fatetib@ lﬁﬂémajfdﬁa seed.r Emcini@bgdaplhfils3300

A FIG 15Ais phot om cr ograph .of _a cr, sseC|onaI vi ew of, a dual
danms cenSPEE it Sncinen s SXER {3? hap bratel ffeantbbreﬁﬂ“eede%&#ﬁvea |G 15B

is a top and g %@&@ﬁﬁgﬁg@a&% mlﬂsut%%bge %p” , ¥ %ﬂi@aﬂl@ﬂr%ﬁl Vi as

1504 are etched into t ayer 12 Is also etched
i nt o t he gsahatordtayier 535 FiKe SMhﬁlmmmapbesﬂclethpmcallfsm af pesthpwter Pistegn  NO

plug is in 15t vias, ,so that an_additional step of renoving the plug is
not #Hbeddhat nﬁﬁeb‘?/‘ilﬁdafﬂﬂm?rcéh‘“éhﬁeér5§5 i lcputs ey the gomBYIERBtR Jataxgpm anount of

exampl o WAL el Fraf Pl ol RORARD AR o PERM LR bi i, 10 (11 S

small handheld device up to a huge super computer Computer system 800 includes a

monitor 802, a display 804, a housing 806, a disk drive 808, a keyboard 810, and a

- mouse 812. Disk 814 is a computer-readable medium used to transfer data to and
25 from computer system 800. |
FIG. 8B is an example of a block diagfam for computer system 800. Atiached to

system bus 820 are a wide variety of subsystems. Processor(s) 822 (also referred to as
central processing units or CPUs) are coupled to storage devices, including memory
824. Memory 824 includes random access memory (RAM) and read-only memory

30 (ROM). As is well known in the art, ROM acis to transfer data and instructions uni-
directionally to the CPU and RAM is used typically to transfer data and instructions in
a bi-directional manner. Both of these types of memories may include any suitable
type of the computer-readable media described below. A fixed disk 826 is also
eoupled bi-directionally to CPU 822; it provides additional data storage capacity and
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"FIG'S 8A and 8B illustrate a conputer system 800, which is suitable for
using as the controller 535. FIG 8A shows one possible physical formof a
conputer system 20 that nay be used for the controller 535. OF course, the

Tl Bl PP s AR SRR TR,
SUpet, £ OBl SRR S OL S, S i gy gy 3o ol 507,

i s a conprgfemetdalisecinmd hund diskdthatds slosues flen peiatzay soraged 12Gilf bom conput er
- system 800. FIG_ 8B 1s_an exanple of a bl ock di ag;i m far conputer system
800. At t appregiated thaythe ivpmraiion sefampd wathiy Eeed/dsk 844/ MgY, 10 FHRLPRPAIS

P ' 322 | f : I ' CPUs
ar o Gouplctieey b ptpabled i FREER it er AR TRORIIR R 1202 el ntes

random aggassabRMEY 3 [RAM t8 the foaf o6 ahyofthavénipBer-tdadhhle nislia s wel | known
in the art, ROMacts to transfer data and instructions uni- directionally

- to the CHescathgdReMW.s used typically to transfer data and instructions in

bi - di i . h of .t hese. ' ipcl ud
Surtanl oty R R2E AES s A seea ki Bt BE el TR R TR LOC L° BN ok
826 is algiayuapkeshdaid 80, afubOSEY dnd dpealeh 8RR In geherdl, auiimiRf/oadsi t i onal

dat a storage ‘capacity and 24 may al so include any of the conputer-readable
medi @ desierichethylsl ay. of Fidealdigpleys, tradebalisymive, ads, Bi@PRhPedgr anms, data,

d the like and.is typicall d t or.age- nedi h har d
sy ¢ hdpnistariEuE PRy T aes SET Rk, mit iR B PR L EANEY 35 Thar ¢ ne
i .nf or mat N el ALBedviics B Rafdiviilg Hcokn 838, BiBMhetricd radRERE bltiee 5 cases, be

i ncorporated in’standard fashion as virtual nenory in memory 824.

Renmovabl eodipsier® IZPU&92 vplenaliendydermoupled by arsitharieempytas@rer - r eadabl e nmedi a
descri bed below. CPU 822 nmay be al so caoupl.ed vari ety of 1nput/output
devi ces, telgeNmBENICAHAE W@%&S“ﬁwﬁﬁ%{%ﬂ%ﬁ‘fe é@uﬁgﬁgﬁ&ﬁ&?@@égker s 830. In
genefal , .iﬁ@rfa%%ifg g%@lﬁblatécpthgl%é EPURYHR FecBiv¥ iRbrmtiisieRofl thE hathork,! I ack

ball's, mce, m crophones, touch-sensitive displays, transducer
card readenmsighhagpetinformatipapdhe hetperk settie ceyrse obpdréngimg thelabo¥e, voi ce or

e g ool 0 S e o Ead Sl e FRBRL LR P 22
I T R e s b et
m ght outipwbnjuattsmwithanemotet CRU thet sherks a portine of hermsecaséinger f or mi ng- t he
ab0v266 In addition, embodiments of the present invention further relate to computer
| storage products with a cdmputer—readable medium that have computer code thereon
for performing various computer-irnplemented operations. The media and computer
) code may be those specially designed and constructed for the purposes of the present
invention, or they may be of the kind well known and available to those having skill in
25 the computer software arts. Examples of computer-readable media include, but are not
limited to: magnetic media such as hard disks, floppy disks, and magnetic tape; optical
media such as CD-ROMs and holographic devices; magneto-optical media such as
floptical disks; and hardware devices that are specially configured to store and execute
program code, such as application-specific integrated circuits (ASICs), programmable
30 logic devices (PLDs) and ROM and RAM devices. Examples of computer code
include machine code, such as produced by a compiler, and files containing higher

level code that are executed by a computer using an interpreter. Computer readable

media may also be computer code transmitted by a computer data signal embodied ma

b
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. di sks;

descri bed descri bed nmethod steps. Furthernore, nethod enbodi nents of the
present invention may execute solely upon CPU 822 or nmay execute over a
network such as the Internet in conjunction with a renote CPU that shares
a portion of the processing. 20 In addition, enbodinents of the present

i nvent i ovarfier whee andoieptesertisgacnmeanse of BstuCiyas Hiab AleEXeCHRbls by a
conputer-readable medi um t hat have conputer code thereon for performng
vari ous BB¥BWPEr-i npl enented operations. The media and conputer code may
be those Spec'V@l%l'lé’th%ﬁbélﬂ%ﬁIﬁ@ge&ﬂfb%éﬁ%tlﬁ@erﬁﬁrofbé%rﬂlﬁéﬁﬁé& of the present
i nvention ey may be of the kind well known and avail able to those -
havi ng skinbbdinten®s thdneareaitpatiens, peﬁrﬂ%@samdsﬂubmm&yalﬁnts which

ter- dabl di | ud t di
CuchSas. Rl MBS SCEaBHYS HhERion. dhabgmet be o BRI e AL i o Such as
CD-RCNB fl I

B G R e B S or e and

y configured to store and
execut e ipreagbanTtdoterefcrediterdedah the flllovnrgs Wnﬂ@d:clamselmlate&fptetﬂdrasw ts
(ASICs), pro rannable 30 | ogic devices (PLDs), and E evi ces.
Exanpl es iegtu ﬁ@?h alisgrtions, Rermuistings [@é e W% E@d\ﬁ’ by a
conpi |l er nd f| vel code that are. executed by a
conputert%i?% % ‘ﬂ%ggn%ﬁﬂ%ﬁ%%?bﬁeadable medi a may al so be
conpggt er code transnltted by a conputer data signal enbodied in a 25
carrier wave and representing a sequence of instructions that are
execut abl e by a processor. Wiile.this invention has been described in
ternmsof several preferred enbodinents, there are alterations, :
pernutations, and substitute eqU|vaIents which 5 fall within the scope of
this invention. It should also be noted that there are many al ternative '
~ways of inplenenting the methods and apparatuses of the present invention.
It is therefore intended that the foll owi ng appended cl ai ns be .i nterpreted
as including all such alterations, pernutations, and substitute

equi valents as fall within the true spirit and scope of the present
invention. to { 26 CLAIMS Wiat is clained is: 1. A nethod for formng a
dual damascene feature, conprising: formng vias in an etch |ayer
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providing a trench patterned nmask over the etch layer; etching a trench,
wherein the etching the trench conprises a cycle of: formng protective
sidewal I s over the sidewalls of the vias; and etching a trench through the
trench patterned nmask; and stripping the mask. 2. The nethod as recited in
claim1l1, wherein the trench cycle is repeated at least three tinmes. 3. The
nmethod as recited in claiml, wherein the trench etch cycle is repeated at

| east five tinmes. 4. The nethod, as CEAIMS&d in any of clainms 1 to 3,
wherein the @ﬁéningQQQS._protective sidewal I s and etching are perforned in
a comon pl adiE 5608 Ig chamber. 5. The nethod, as recited in any of
clainms 1 to 4, wherein the formng the protective sidewalls uses a

non-di rectional deposition and the etching step uses a directional

etching. 6. The nbtmiabiod s foroung @dudl damascend feahuae.reomprisi®gs, wherein the
wafer is bonbard&p q%‘gnqrgg%#%di%gs wWith ionic energy greater than 100 ev
during the form an{ e %?8t cti &% dewal I's. 7. The nethod, as recited in
any of clainms 1 tgobidinghesr&ich paf€médmaiingvet fite: et¢hi Riacti ve sidewal ls is a
non-etching or a negligibly etching deposition. 27 8. The nethod, as
recited in any ofCteliing ggrench, BVhPl,fe“i‘/\)%ére gthe trepghgorgprispea c¥ioelect i ve
sidewal | s uses a gas m I W . nCHRE, CH2F2,
CHF3, CAF6, CAF8 as trr?gﬁ%g{g?ﬁg@%%rﬁn%?&gﬁ V‘gﬁ ﬁ?%’élg‘?gésﬁgeﬁgfzwcm, ECZFG, and
NF3 as the etching gagchifg aTieschthtdughl theasench patterded maslngyndf clains 1 to 8,
wherein the form ng t.he pro%ective sidewal I s uses a m xture containing CF4
and H2. 10. The PRI e Pi ted in claim9, wherein the CF4 to H2 gas
flowratiois in the range of 0.6:1 to 1.4:1 by volune flowrate. 11. The
met hod, as recited in any of clains 1 to 10, wherein the formng the
protective sidewalliesnethod as weitediinfolaim latvhersis thedrrach pydnisirersaled\ad frgpt

deposi tion qﬂgmt%ﬂgttering. 12. The nmethod, as recited in any of clains 1
to 11, whereln the et ch |l ayer is a lowk dielectric materi al

3. The method as recited in claim 1, wherein the trench etch cycle is repeated at

least five times.

4. The method, as recited in any of claims 1 to 3, wherein the forming the
protective sidewalls and etching are performed in a common plasma processing

chamber.

5. The method, as recited in any of claims 1 to 4, wherein the forming the
protective sidewalls uses a non-directional deposition and the etching step uses a

directional etching.
6. The method, as recited in any of claims 1 to 5, wherein the wafer is -
bombarded by energetic ions with ionic energy greater than 100 ev during the

forming the protective sidewalls.

7. The method, as recited in any of claims 1 to 6, wherein the forming the

protective sidewalls is a non-etching or a negligibly etching deposition.

27



13. The method, as recited in any of clains 1 to 12, wherein the via holes
are not filled with a sacrificial filler material prior to the start of
the trench plasma etching process. 14. The nethod, as recited in any of
claims 1 to 13, wherein the via holes are filled with a filler material to
no nore than 50% of the via hole height prior to the start of the trench
pl asma etching process. 15. A sem conductor fornmed by the nethod of any of
clains 1 to 84. Thke mAthodppacdted sn oy ofpdaifrerintorig whireimthat fiathiog tteny of

clains 1 to 14, .28, . . .
protective sidewalls uses a gas mixture containing at least one of Hp, CH;F, CHyFa,

CHF;, C4F¢, C4F5 as the polymer former and at least one of CF4, C;F¢, and NF; as
the etching gas.

9, The method, as recited in any of claims 1 to 8, wherein the forming the

protective sidewalls uses a mixture containing CF4 and H;.

10. The method as recited in claim 9, wherein the CFy4 to H, gas flow ratio is in

the range of 0.6:1 to 1.4:1 by volume flow rate.

11.  The method, as recited in any of claims 1 to 10, wherein the forming the

protective sidewalls is selected from at least one of chemical vapor deposition and

sputtering.

12. The method, as recited in any of claims 1 to 11, wherein the etch layer is a

low-k dielectric material.

13.  The method, as recited in any of claims 1 to 12, wherein the via holes are not
filled with a sacrificial filler material prior to the start of the trench plasma etching

process.
14.  The method, as recited in any of claims 1 to 13, wherein the via holes are
filled with a filler material to no more than 50% of the via hole height prior to the
start of the trench plasma etching process.

15. A semiconductor formed by the method of any of claims 1 to 14.

16.  An apparatus for performing the method of any of claims 1 to 14.
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