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I n this nethod, plasma etching process I1s used to transfer directly the
phot or esi gk fimsKambfilnestarkd)0hdenteathtthaphaéresivematedels iy thegpenédbiaeat of the nrask
thin film 108, as. shown in FIG 1A T{;e et chi n% 9ene‘r ates. a c%rlt ah(_:lt 1gyol e
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t her ef ore® i ncl'udes reduci ng e photoreSist 30 mask erosion to enhance
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For this purpose, it has been E_lropos_ed to i_ricl ude a sivation ggs In the
reactive &uishiohghe qiFhing peuengs die graly g TEMQVEELE HOERNEILAEYeh a way
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materials r renov . _
etching method is illustrated in FIG.’S 1A-C. In this method, a plasma efching process 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 photoresist 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 pattern transfer.
Consequently, some of the damage and erosion also may be transferred to the underlying
layers leaving such undesirable patiern 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 pllotorgsist 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 in such a way that its presence selectively
reduces the etching damage and erosion of the masking mateﬁals relative to the removal rate

of the thin film materials to be etched. The passivation gas can be chosen in such a way that,
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-~ of _t'h'e.thi n filmmterials to be etched. The passivation gas can be chosen

in such a way that, 1 WO 2004/034445 PCT/ US2003/031712 an etching
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former gas to release highly reactive species by reacting wth the pol yner
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di sadvant age of the above nentioned nethods 1s that the optinmum conditions

for diffebembamkpsét s of the etching requirement usually do not coincide
U NG RITY SR A A PR A
opti m zat b9des ahdBs Etcﬁin‘@%ﬁbl%f‘%’&! Vi GOIBRY e dtERHL oRibic ¢30id 1BleRatle S SH1Gmer
etching condition that nay not be the optimum should the different ‘etthing
chemi st ri égnise gaeloarkgas highly reactive species by reacting with the polymer former gases in the
presence of an electrical discharge. Alternatively, a retardation 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 disadvantage 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 unique properties of each precursor gases may be lost due to
inter-reactions. The etching condition optimization almost always involve complex trade-offs

30  into a single etching condifion that may not be the optimum should the different etching
chemistries be separate.

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”. Tlﬁs method

separates out the etching gases and polymer former gases into two different steps, each
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A variant of the etchi ng-nmet hodol ogy is taught in U S. Patent 5,501, 893,
I ssued March 26, 1996 to Laerrrer et al., entitled "Method of
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there to use rron 10 energi es. Many etc i ng applications can benefit
from hi ghsmiﬁmehoﬂbhhg seladtivétyao gye maskidy mhteriak n‘?ghe deqeecis thart iousthighet tores i n

very small dinmension structures, for exagg dJ ti onatr oposed metgods
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of the ma gl I'n FIG 2A
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over the 15 OX uﬂmnioﬁybpiropd‘seﬂhmétﬂcﬁcﬁanﬁlhdmstkc]&ﬂ[ﬁhaskmlglsﬁhﬁde avetiprbbethear dmask
| ayer 208, as _shown in FIG _2C. The phot oreS|st mask 212 is used to
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cont ace huRe i eh Bhidk BUEL 2641 diRABE, RN DUHow S ARG Uik 568 plabhd By the

har dngsk baye na3%14Aqasloa>resims1kasas 13h I“@%\!Bcddrbv& Be haﬂm:iﬁhaayea rzdm lshowmn thBTG.
renoved | eaving the contact 216 in the 20 oxide |ayer 204, as shown in FIG

OF. The aé@aml@@bgtomsmt mask pb? Koesed lepatica theﬂsrgrdﬁwﬁ deyea 208 fecreals apatiargfas k
from whi Cgl é}%ncaﬁﬁ ﬁlr at?cﬂheeprh%%ré%étrlé}éhance %)edt s Lﬁ%ﬂ%@ ¥HN%
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et chi ng aBéintBJSthoIH 21t6h9 gfca@@m the ofidedaysab4 hﬁﬂig@ﬁdpat@ilﬂed nhra@dsiamyagm ®fa
this nethod are that, é | ntroduci ng new process steps and new toal sets

into 25 t maskesshess inlTd: 2E+ The hardmesly kethor tsaiovash eavaygthe sortaey 116 m the
thro hput he process conplexity also introduces
diff uIt é‘éegva??@él ?qﬁ"d’?‘le ﬁ%@% the Si hardmask used for dielectric
contact etch appkb@ent2esof his9bthed atdthhd, by BAvih®P afbra $ndri R SMeEOf 6% viitich
mask. In addition to transfer without |ateral CD |oss or damage the mask

pattern i htganskes patierhs (digpis and hees) tn Geandetyieg filing, theeetgh perienranae i ey

p;r;es ent | nnltlarlll%e andr}h q%rEremeXt (?r{ he et %ﬁargo z}n plfmtohthography is also muuch 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 pattem 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 pafterns 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.



30'preserved i n many etching applications.during the process of etCthg t he
etch layer. These etch |ayer patterns are usually not protected by the
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used in the damascene process the prior art. A contact 904 may be
pl aced i npalcdd&isedxbtacmd 1ayaarr909@»8emafea91@félbaﬁﬂdﬂlay&r 9132 rwhach haybe 0912,

whi ch may be of I|IQQn ni tride or SI| on c rblde pl aced over the
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dielegtri I ench
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| evel di elbegiek layeP9R. A tichelnsibp Il@zmzos@sﬂmm narbidecte silicohetitidermbpper 924

may be placed over .the trench stop | ayer 210 An antireflective |ayer (ARL)
928 nmay Bt v Fipleael ‘ilﬁ]écmﬁé’ﬁéh*\(‘}'eé‘ﬂb]@i’? stliqogpaxidendigl ec‘ﬂcr}%)fef &2hed resi st

| ayer 932 @ybgg)?acég &%Lnaﬁ‘lg(?reﬂéﬁﬁgtoﬁ in]"lgf’ el alﬂ%?ar%t-l;gﬁe :%%? { . aC% nEd from

silicon ni |ve i ndex and

hi gh exti mebided seafths teeil dielebitic 1aler 924, aAhm@émb@mist idyelvxysmmﬁy bef a
process used in the prior art to formthe stack 900 into a dual damascene
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932 may be remuer) Brchish RSROHEONThatt b begsrt@édmmh pAoN@d Reinghe | ayer
960, which is atterned to forma trench (step 1008), as shown in FIG 9C. .

The st ack staak 99einte aldpeldasthseeneghueiiteh Thatstack 9@0@%5 esubjestedio 98 stahown t o

the internedi,at.e trenc t,ch 0 1 a, in FIG
o T 2 TR AL e il SRRl e d RGOS Fhe o SR |

di el e@t ri §id oahaPiRnt Lorhaorts, Yhzh FimsSsidaegls! MheBaYst 084 afPRBistlesRd as
damage to the dual damascene structure. The internediate trench etch stop

| ayer 920 mmbelyemgyediandosubseluently @p@tﬁm@i with @ nencissisglapsr Rewhickish 964 may

also forma ne ust 968,  whi si de T. esi's ayer 160 and
oot oy PefahetsctouRia giaen Bt Ebed e aRohHENRS o BRo AR Phr bR

subj ect ed shiGede®RS 4 QEh, vABK cREST 2Ench 968 RoKD20 khe WNFRIBRSRGCh Qﬁ:th a 940
to the copper contact 904, to provide the structure shown in FIG 9E A

met al bar stoprlayen§26 (@ml@ﬂ@) sehdwp asFi® PLbvERe ¢thbingod pi}fetrem;br%émay( step
TR LR N M D S K
the considered as damage to the dual damascene structure. The intermediate trench etch
stop layer 920 may be used to reduce faceting. The etching of the trench 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 900 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 interior 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 1s repeated creating mmultiple levels of copper connects and dielectric layers.
Although the intermediate trench etch stop layer may be used to reduce
faceting, providing and etching the intermediate trench etch stop layer requires

additional processing steps, which increases processing time and costs.
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trench and via with copper 978, which is polished down to the trench
dielectric layer 30 924. The copper 978 nmay be used as a copper connect for
t he nextwloeaednssaes the process is repeated creating nmubCTpisSzoobesiels of

" copper connect .dielectric. |l ayers.. t hough t.he | rimediate trench
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whi ch increases processing tinme and costs. 4 WO 2004/034445
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frequencies increase and the distances between the conductive lines wthin
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conductive l'I'nes agai nst such 1 ncreasing coupling capacitance |evels. 10

| n gener -atapatibt@ce damels. ng capacitance in an integrated circuit is directly
proportional to the dielectrjc constant, k, of tae. mat erj.al _used to form

the dfel ectri cln gengetlsthe peunipe sapaghanss in o Etegrated cirpip s dteatly

conventi onal. I . €] I, a lelibPa EERe sk of Si 2,
whi ch haspr§P%4tlgflglg{0ﬂ1§g€géﬁéﬁar? ?cg:?, l\z‘;’goof&%é%gdoh As gwgonseaggri]ce of the -
i ncreasi NgyérsN&s ferdiabbes tiandelegsic dyendn bowguiondl dstegmtedirseits lveduct or

devices, dielectric layers fornmed of S O2 nay .not effectively ipsulate the
conduct i vigaditipradlytsep hermegiaf SOy, atuichy kag aidielaGrer gonstt o5 alaypt é&p‘f]ﬁ g
capacitance | eve I ' t . | Ag capaci tance level s
in int egr'%ﬁué;%qu(?flf%:éﬁhg ?n‘fqﬁaesﬁ{%ﬁeﬁr%dg%ﬁt %S%?lg(r:o%le%agﬁgt%% y{iﬁgcg&e&ﬁgaged in research
to deyel opniBéRiicalrdchted, dplect2Olagie featediof SIONSLRNLt dffantvely amldtdhat of
Si®2, which materials are suitable for use in formng.the dielectric

| ayers i nthiespadiaitvedings tcthe exstenixequipsdp aypidgnarissd Geu parance whi ch are
sonetines, referred to as "lowk materials," have been devel oped. In the
specificalteiV "and clainms, lowk materials are defined as materials with a

diel ectric consimbtfor 1é Rdhcd the c@gsingkapaciandd luvslom intepatial ¢iadis, the one
exanple of a lowk dielectric, 25 which has a dielectric constant of about

3.7. Thi ssepginpubistordndustiybes yomeed mssoerd to dspdep mafeial gying 2
20 dielectric constant lower than that of Si0,, 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

specification and claims, low-k materials are defined as materials with a dielectric

RN

constant k that is less than 4. Fluorosilicate glass is one example of a low-k dielectric,
25  which has 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 dielectrics include CORAL™ from Novellus of San J ose, 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™ fyom
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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Anot her interesting class of lowk materials is conpoundsincluding
organ05| |icate glass, or OSG By way of exanple, but not limtation, such
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renoved and a second patterned resist-layer 1160 is placed “over the ARL

1128, das Jhewsist fayer 8 321 remaved a@éé@ﬁ@ﬂd@@ﬁ@tﬂﬁdé«;ﬁ@ﬂt1%6b16051spéacpdlrned 15 to
t t t
D08, 5o cah MRSt WlEn GG TET, L Babie P er] BSEb ARl S

and tige usepbided triohK 16d a6t Kickched agethdBwll dRldchid & 192enpl e may be
i ncreased. Such faceting may cause the copper, which would be used to fill

in the via andBecatse R thegbpence abtheliggmngdsate freach; el siop dayer and thense of Thi s

I h. h b f. the T f I
ntior st antiiy ¢ Areb S AP 27 pClit i RO dngtfefaterodtha iy, i ©

the produghisefddoppet] WRELRNA HE Lt 4RI M thd i and tfdhembbétt&pdb@e/ﬁf and
using a lowk die ectric. Afirst contact 1204 and a second contact 1206

may be pl thesgesnd eontachhi06. dites wey pise incugase thodigension ofithediotomi efibe A
di el tr|c barrler | ayer 1212, 25 typically, but not limted to silicon
nitri o™i 1i con carbi de, may be pl aced over the

To facilitate understanding, FIG. 12A is a cross-sectional view of part of a
wafer in the p’roduction of a damascene structure without a trench stop layer and ﬁsing
a low-k dielectric. A first contact 1204 and a second contact 1206 may be placed in a
low-k dielectric layer 1208 over a wafer 1210. A dielectric barrier layer 1212,

25  typically, but not 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 over the barrier layer 1212. First 1240 and second
1244 vias may be etched into the low-k dielectric layer 1220. A bottom antireflective
coaiing (BARC) layer 1228 may be Spun over the low-k dielectric layer 1220. Sucha

30 - spunon 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 io have the vias filled to a uniform
height. | -



*first and second contacts 1204, 1206 to prevent the copper diffusion. A
low-k dielectric layer 1220 may be placed over the barrier layer 1212.
First 1248 ,aaghssesond 1244 vias may be etched into the%nwgimodmaheptrl c

- layer 1220. A antirefl ecti,ve t in er be n
ov)ér t he Iowﬁgéﬁg Plclf;OSFﬁ ﬁ?néﬂ\é’iﬂvo gthé aﬁcﬁﬁeﬁﬁe d)s/ to :1? -
| east pafﬂz‘sé'hwe ééﬂ etEﬁh% Vphe%re%&ﬂ,% of%caﬂ%ef@ésmr@t&eﬁﬁ&ésqzsanﬂz@ ugs in

the vias. Generally, thinner vias are filled with BARC to a hi gher dept h
t han w demdymasidmcm,ffadetmgﬂz&L §204. ibrecargme afl faggtzng andi the siwapfthe il | ed

nave t ho ghes a1 dsisadey o (ke ol TRPART: i@ sotan b BRRC 114 ¢ 1O

PCT/ LgSZOQI’yl%ﬁ gE(J: fon-tfi rfnsfaﬁe Crmd fﬁ[ﬂ;@& | PRefenVdsqMaPhe PatidssOf the wafer

after tren 1252 have etc The preserice of BARC in the
vi as creabeealofnewh&ﬂl ﬂaﬁﬁﬁaus&%ﬁro -arighatiom \mtwmdoﬁ;erfaws mipck2®G2y 1264. The

~amount. of faceting and .the size qf the éances are dependent on the height
of the BAfmnigydeaEbrElHIbe RFHERESBARPDIUSIR SEHRES- nay cause non-uni form

faceting and fencesy | ]ﬂﬁbf use
el ectro-mgration, vm%@lgﬂ Eﬁlgsﬁn ?"Rﬁftﬁ?%hégaﬁl glﬁﬁ%%i fsrréﬂrz:ll(g)ﬁj 48
reliabil |thypﬁfce§d1ﬁoweimhddmg1 smmlﬂﬂguimy cause diclezaic pdiﬁom@utummmg ug
filling and stri ppi n%éadds addi ti onal costs and conplexity to the, process

f1 owl0 I n diddeptricanatesdieh ifhoysplna fillingsdemay By é\ig?qlt:mpmﬁ‘é% %mCFPaﬁ?)wo(ﬁPr?@“ 10
di el ectrig gafeﬁ dg%'tc?gowoh%‘j?gﬁqcﬂﬁxﬂgné H:ﬂ. &gﬁcé%ﬁn%lﬁe%eﬁgﬂia o i I‘nv%ﬂt#ﬂ{ fYgnt

and mcreé% O erosio ni sns,

faceti ng.prétide Rpches e methol foretéHiNg B féadire S a layer mmaﬂeoﬁammef Mﬁame&hg]d for
-et’chi ng a feature in a |layer or a staek of layers to qbtain a hi

fidelity. ﬁ@qilty plioh 0fa ﬂaé@félrlﬁllﬁﬂ@aﬁ’ﬂéﬁfhby amreking yrageral SRth R g‘w high h

S|nultane 0 | ki ng
ater al g anrIRe PRl R SO g oS EF it oo bR J0eERE
i nt epsls t AdMEONAIEE tids aBRefibicintiRth erpboideel ghemgmathodtfer ethipglatigeryl patdready
present in the etch |layer that is not covered by the etching mask and not

pr ot ect edalsady pmsamtfm ¢hesteh laygs ibatde tl@bponryreé bydb¢ ptehige apaskiand @t prgtestadr

pat t o ns. MR nLionEe e o B CREARSERE (88 oy BB 6P

accordancmgtehottﬁ@et@m@@{s{gtegﬂ hft@nr esent |nvent|on, a net hod for etching
a feature ina layer through an etching mask is provided. A protective

| ayer is formed on exposed surfaces of the etching mask and verti cal

sidewal | s of the feature M&R@a&giﬁ%h@gﬁﬁoﬁi xture. The feature is

etch
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 prdvided. A plasma
processing chamber comprising a chamber wall forming a plasma processing chamber

3.0 enclosure, a substrate support for supporting 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 chamber enclosure, and a gas outlet for exhausting gas
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25 through the etching mask with reactive etching mxtures containing at
| east one etching chemcal and at | east one passivation chemcal. In

anot her uhoshyaeys of the invention, an apparatus for etpehiRgod@ oS under
an etch sk, .where the |la [ orted by a substrate, 1s provided. A

plasma p QELibeip n@ﬁ‘&?ﬁ?@ﬁ“}{g M@%%ﬁé“%‘“&ﬁd}%@fﬂeﬁﬂﬁIdeP‘bﬁ“#?WSéoﬂcﬁsma
processi ngn e hamRRInt3qs fcgng(%é;zﬁ'g P?ovid’cd,s YoRL E(é{ﬁ%ﬁ YRRO L AR cofHRRQL! I N9 @

substrate within the p ocessing ¢ er enclosure, a pressure
regul at or bétereen dputaatiniagpfitheplasas prucessing dhambpt asithe dgiRitRasiasgowbanber
encl osure, at | east on% ehfqtrode for providing power to the plasma
processi nBPCHSFAIEH capfEel yalyean fiypd mﬁﬁ}mibﬁaveéngh%wmeho@ag plasmat f or

but ot oPRRS ety RnkREaRl @ TR A Sk Te AR, DS BRI sofflsRn e
pl asma pr caessicdgo divdfisieron@dLi s tee sctomi @nidEdalvé) adlé BasdtiéRNoAS sour ce

and an etchant gas source are provided. A first control valve in fluid
connect i ofleCIsASHABRPHISHE A denst oncatropsarisad spmpwar medede miedig is peovikdad. and t he

depositio : . S e | l.uid connegction

bet ween t ?}elg g‘gnslﬁ'?tlr# fe%%d%lﬂé‘ e@apﬁ%g%%e%&gé@géerg éﬁﬁgﬁcﬁ%@" ropgwag%ceﬁg{ chant
gas sour ceomftfet valve\fbide deastorendépbsitibe btef eitplodldecaldeposifionpack&f the the first
control valve, the second control valve, and the at | east one el ectrode

conpt? si ngengsition gas seiec oy tbe plaswe paensstesghanber prclerabt, compuieardadalleovi ded.

Th b ' ' t bl.e code f i
Che firorcole AP BERRE TdRONE R LOGF G REP AR R ERosTiop S8 pPvrle
deposi ti ogtcHiag ght Gahi the etbﬁjr@%@%ﬁﬂ:@ﬁoﬂl%téﬂgrtﬁ@?ltaﬁnﬁ PRocBAAR BhaRfREESSI NY

chanber encl-osure, conputer readable -code for closing the second control
val ve f orendhesus, cpepyter rdabie pods for openingihesecopdeontnol vabitechor aglegds from t he

Commut or 850 Sieb S Pho§ e Aehind Bl I AU B R 6 B asit | onet
one g4 Chi pidesdsiiy dhambER Yhdl SordPutet RidMe &5 hERMidd et fabithe PRS1SALT CE tO

the plasma 15 processi ng chanber, and conputer readabl e code energizing the
at | east ‘orowide ethiasdd greaterghany? Hevaltsivndbe sbstyate domat 1¢dsbtoned3chingbtep. on t he

bstrate f t | t . et chj tep.. In anoth di t of th
resent | nvent FUOTR FRBREEEA oA AvENAn LEAIO0ROOTBIRER Gals
provi ded. gihased Rafutd HREovidle VAL 6 foAN&] in aﬁheftdgﬂayé}. %ﬁ&ﬁh&ﬁ;%ﬁéﬁ; kt 'hz

provided over the etch layer. A trench is etched, Wwhere the etc
trench 2magolprewded eves i eicloiayén rivimpchos etobed,iwlers tieeteiit sthetench he

sideywal I s _of the vias d etching.a tren t hrqugh the trench patterned
masks" The" WRRIRESF & © ﬂgﬁ?gW%%r@Fe%Flﬁe Sa"ﬂ‘(’)‘f’%@rwﬁﬁ%ef%é@["ﬁ‘ﬁ? Sﬁﬁﬁfwfsrfg‘di' nventi on
an n appagahidg atRhcleiriighdthd treAdtPatterned 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
supporting a substrate within the plasma processing chamber enclosure, a pressure.
regulator fbr reguiating 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 piasma
processing chamber and the deposition gas source. A second control valve is in fluid

connection between the gas inlet of the plasma processing chamber and the etchant gas
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under an etch nmask, wherein the layer is supported by a substrate is
provi ded. A plasnma processing chanber is provided. The plasma processing
chanber wamoiemsam 25 chanber wall forming a plasnma preceaskogesivanber
" encl 0Sur G, e URSHAR) for JHRRRITATIO LonRRGY N fsPoRBPAPL SnddLBLY the

pl asma processing c Amber enclos re, a pressure regulator or °F gul ati ng
t he pressgorgrol Ralivbeand tas AEleft 06€EstRGcC ThSREAERE cOBPises ableast §RSt One '
el ectrode for providing power to the plasma processing chanber encl osure
for sust aPIRPEREOTANS crsmpitcrgersiableimgdia. comppierdeadgblgasediacomptisespl asma

: in | . and t]et. f haust i f
Phe o asneriaGlainate SHe R AindRo oty 8%t YahEeom Rt Epaliefand an
et chapt gasp EOHCRIeH deppsidyh d@rom Mhd ddpdbiti6R BhY Purdsab g plashs fluid

connection between the gas jnlet of the plasma processing chanber and the
deposi t'i oprogessingspegber medasptsn gorapuier iwhdapdd sasleifer ¢losig thedsecawinmmatpl on

bet th i nlet of t J : ing.ch d the etchant
5°WD 20047 DA Cetiiesont AiheDE 3t 6 BeTAR et BT Y S BRI ol o
connect eds&@cetﬂi'&nfénfeiﬁlﬁm@fﬂa%a RAc¥Ringl hEmBECARsueOMd BmYfbiRadANd the at

| east one electrode. The controller conprises at |east one processor and
conput er  ewskdabdrenmgithg secind connguabre foeatdedst enewidiiag seppio psesde aonput er
readapl e code for .opening.the first coptrol valve for _at |east one

Gepodit | offcamg 8% 0B B SThi 2a° HRBHRPANOHREHE PICGHIAE A e t on gas
source to the phasid o%e??@a%%b@&ftﬁégfé‘s‘&{t' kieﬁuﬁgbeaemta& ippsabl e code
for closing the second control valve for the at |east one deposition step
t o, pr evendetaisdidlow ig e detoled dheriptioh afithegaentisn and i donpimetinh eviilithe t he

pl asma processi ng chanber encl osure, and conputer readable code for
openi ng t ¥&9¥ Fi€dntrol valve for at |east one etching step to provide
an 10 etching gas fromthe etchant gas source to the plasma processing
chanber. These and other features of the present invention will be
descibbed in nore deBRIEE INSCRIPITIONNGF AEFADRANVIMGSEr i ption of the
invention and i conjunctiaon with the follow ng figures, 15 BRLEF

DESCRI PTI ON G:{FR%EWB@&W OITF?e‘hb$t@é‘i§H?Y Vv ehesagwls. and ot ey way el by way of
exanpl e, | Aat- - ' i m i I - i . onpanyi ng
vy ngs efiah P of g ebRiphi¥ing WS oG WERP i RRBREP TN
and i n whinaherakir&er & 4iulGr elemesis laadai whiclt ews of the formation of a contact

hole feature 20 ;thfo%’gh a prior art process. FIG'S 2A-F are schematic
views of the fBimet it #e sehawmticadsvs s tae famatipr of a contact hole feature

20  through a prior art process.

FIG.'S 2ZA-F are schematic views of the formation of a contact holé 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 1s 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 is a micrograph of a plurality of high aspect ratio contact hole patterns
formed using a prior art process.
FIG.’S 8A-B are schematic views of a computer system that may be used in

practicing the invention.



t hrough another prior art process. FIG 3 is a flow chart of an I nventi ve
passivation and etch process. FIG'S 4A-F are schenatic views of the

f or mat i oRy@ho@meeAkact hole using the 25 inventive progegfys:isfasihzi s a
schematic view of a systemthat nmay be used in practicing the invention.

FIG 6 is a m EF9gy AHH & agrgs-sectionelyviews af yptackonwhich gidugl damasaene hol e
patterns fffurxg?sd%%%ie@gs‘t he.invention. 30 FIG 7 is a mcrograph of a

plurality B aspecl{lg? ?riagp58ﬁffsﬁ%st hol e patterns forned using a prior

art process. Fp@&. B BA Pkl TRREER oF ire¥ss Qbeddn GRIRIOrQEt 15)5inem t hat
maybe used in practicing the invention. 9 WO 2004/ 034445 PCT/ US2003/ 031712

FIG's 9Adwmlglamascagestuctatect i onal views of a stack on which a dual
damascene feature is,forned usi ri.or art processes..FIlG. 10 is.a high
ovel 51 1'ow charitgr L EAJFBE cost Seebimfiyi e SparE i T REE B pprcucton af &
damascenegghhdehdstuctde Bitouts tehchsibod 187 afil A5 896 kMidlectyiceMzoRfingpart  of
a wafer in the production of a danascene structure without a trench stop

| ayer andtamsprigr @t progeds. di el ectric, according to a prior art process.
FIG's 12A-B i ,Cross-sectional,.view of part .of waf.er in the oducti on
of a da_mascenglgﬁ E@%—fﬁl@ aﬁqsﬁﬁﬁ‘fu%aﬁl&ﬁ’&f%ﬁt&g 3 %trmél?ﬁi’rﬂg'i“?‘iﬁ’_ 1w k.

di el ect ri g, A5&ehditAurd QrithGud PR stdp Ta s aﬁ&hsﬂ@%ﬁ&%ﬁc dibteSirichdcdr@ink hi gh

| evel flow chart for an exanple tor formng a dual danascene feature using
a vi a0f i r &t aredle peior Rt @rdcessl4A-E are a cross-sectional views of part of a

substrate over _into whic a . dqual damascene structure. is forned. 15 FIG
T5A 15 a phot oftGr s dgvehevel Hom oot o0 il oming ] deiminesRene
feature thﬁhr@ﬁﬁng%%ﬁfsi?&ﬁ?m@?cordi ng to the invention. FIG 15B is a top
and side perspectrve view of the dual ~damascene feature. DETAILED .
DESCRI PTI ON OFFRbEs RRCEERREDCrosiVEEDohEINTSY 2 6f fdrtofn ebsinste iomeranta whichi | | now

be described in detail V\Ath_r?fergnce to a few preferred enbodi nents
t her eof a8 dppl dpgtasegnsgimsiuicrigioqgednpanyi ng drawi ngs. In the

15 FIG. 15A is a photomicrograph of a cross-sectional view of a dual damascene
feature that has been etched according 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 efnbodiments thereof as illustrated in the accompanying drawings. In the
following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be apparent, however, to one
skilled in the art, that the present invention may be practiced without some or all of
25 these 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 infegrated with an etch process to enhance the overall etch
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 the vertical sidewalls of etching features,
during the etching progression. During this new etch sequence, a plasma chemical

process step is inifiated for a short duration before and/or after the wafer is exposed to
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" fol l ow ng description, numerous specific details are set forth in order to
provide a thorough understanding of the present invention. It wll be
appar entwohowyaiserss to one skilled in the art, that theqmesentosimeention

: b ticed withaut || .of 25 th ific details. In oth
et ancodh cNHE RifgHn hastee Srafe Sherndirin REF ot £ Bt
described,p %g%lhalt altRinGIRESE thflerd CotiHPR GEfFMEd biy HRARSI RatkhfioPr esent

invention. The said invention is a new etching method in which an in-situ

passi vat ippetectthoomsk fiom leenbich ethsimd Frefembhya thasithin conting ieothmptesiobss t o

enhance the overall etc 30 per.formance. wt ho ndul acrificing

STl oi et dn BN PR A aES PRoges PLese Rt T ROV R ot 67 D1 asirm

chemgcal po | heYR Sl nd @@.W% @ QbarbSiRALE iR GBI, RLiRRIpSt MBSk, as

wel | Sgs t@%&g@iﬁ%% s% ewal T's of "ete ?n@ Faeratur es, during tlhegztchi ng

pr ogr essiveny lokutoi mgarhdiis ofietheet] ehersteqae e asediombatsmphotdresisiahsk gr ocess step

Is initiated for a short duration pefore e waf er iinexposed
a

7 %n/or after ”1
to 10 | thatwepiseiod pepshs dopbiresas pokorstis proded by theybaraurnt RiclingRIvges,
desired ' - g?hr?a@ | I; ' ' a way
that a t%ﬁe%ﬁ(&?ns’é aﬁrrggéésﬁlﬁa _cogtﬁ ll)ﬁrl\lgéglﬁéh ?%@?re %Rét% eg?rggﬁ?hggf t%gzr% irel-to
pr ot ect . tHaBaveR kel mBeRdBlidmedke havei®sdraiin béefitat eibhing chivastetibtios of@ating i s
of a material that is conpatible with later stripping procesigf or, ease of

final0 r erevaphayisrcathondagdmasks Aliematively: the passivation RERCESTIRAY AlsQ Pg usgh

exanpl e, .a_carbaon- i tAi |l | ' nmount of
ot her el éﬁﬁﬂ?a%? W@X?\ﬁ ?Qleu@gﬁaqog Jc?(%}zlﬁceﬁaﬁ %‘Lao gr%gstl?(eg@(srlgﬂ@(ﬁ efggl lat pr ot ect ed
mask f eatdohfenides ot aRB6H feyaify the adsbpattdies Sahgedioaried by ahs pdormteicess. | n

other words, it changes the surface cenposition of the, mask pattern such
that the praedes. Bhhenlaiive/insrmess fdbeieontmgie theshbsequent firhéng feastiPiénef i ci al

et chi ng characteri st,i f * Al ternatively,
t he passﬁ%?ﬁ?ﬁ%ﬁles&%é%g@t tﬁ%}%xgﬁhé%n%gg La@@éébﬁﬁ%@ti%@ﬁe gﬂ: vva{g t‘ﬁ]ét the formation
of tf® thin copid étehifs ghd1@ix@s koM@l idhahispgeibyandn igenerd easivatiorand/ or

repairs the mask patterns damaged/ eroded by the prior etch process. The
rel ati ve sprees seastoaiot {ase thedwnefilg associatrd willh 8 pasemtion gahintge pEREY on i s

Dene ¢ 898 ik Aot e e Bk BB, At o 10
passi vat i gfhihetRREde8sinS Bordtidie, 1§ Fnelydsaricbe tP@msve bptimagopioattthgni th a
passivation gas in the etching chemstry. The ratio of the etching to
passi vat iresultspssbrae phetoresisb sejeativithi, eicipng paisetrgpy 4o elbing rafy geedBe ng
co ndié o neiéct}icsal fd%src]:ﬁl e Bg\kfgrnl(s: Egpt ggl?glﬁ e %né)r%f 'o%@c%r%%g f)grltﬂﬁes is also
~ kept high to obtain high etch rate and good etching anisotropy in small dimensional
structures. The passivation and etching sequence 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 flow chart of an embodiment of the
25 invention. A photoresist mask is provided on a layer to be etched (step 304). FIG.’S
4 A-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, whichisona
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 comprises 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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fesults, such as photoresi st selectivity,'etching anisotropy and et ching
rate etc. The 20 el ectrical discharge power is kept high and the energy of

the char gog -p@idsif&ses is also kept high to obtain highghehohid®ARd good
etching ani sotropy in small dinmensional structures. The passivation and

et chi ng s&duehthe oxids Ipeer indapopigd. irqrosiicae wronghe lowwidlasirade 80% ntheadj ust ed
til th ' : ' k it derstandi ng, FIG
T RARU SRR 508 el PRk  AREL LA RaliRiSE L gy TS,

IS provi degkcaostatid, ayhaiical REangiiaged thSHeP o3 ®bd)dind tHe. substrddwhier580.Schemat i ¢
illustrations of the process. FIG 4A shows a photoresist mask 404, which
has been phsviatd topSahinsaipgetesihe pppaglectodses (i dippased whinetiately on a

< s ScormeraebeRT Chelfatadt thesheds MEGOEReL R Hsc B 5o

pref erred gahadhde @11:1%9502 OtiretHE B iRRd pladmb RoRmeNPAdi GRNE suffiRd kb M8
processi ng chanber 500 conprises confinenment rings 502, an upper el ectrode

504, a | owenfines MesmavduBedy gas sascshifytbwugh 0 canindetdIexntausthapsiap 520. The
gas source. 51 copprjses a passiyvati as.source. 51 an, et chant gas.
Jour oo 5e 4ot s GRERF ARt e TedS B AR Find St AL SR S g
chamber 53’/%336{%“ SRS RS 35 eThe8Pan® Burhp SYPEARA %&%ﬁét for the '

PCT/ US200 2 which the oxide |ayef is deposited, Is positioned upon
t he lldwer pidsewtprocesiBgeharilee. A GuseRFabect fdtlis S@Sridatlyaoposcitdds the sui t abl e
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conf i nenerbnfinenymt 502s 5@, itheaujipee elecudderfidd, aldabotowarlcleviroB84 608 Gas i s

supplied to the _copfined asna ung_ by ga urce 0 through a gas

inlet 543 %WEssds FEath Aok e eE ot SHb SEF Lordad R Y SRS ¢ he

conf ijaement Nﬁﬂ%%}aépgolﬂ&darﬁrh fiﬂ?&’?&yeﬂ%{iﬂceﬁng&@t SERBHRlioRtsP 520. The
utle 10 pla

exhaust punp 52 ornms a gas o or the sma processi ng chanmber. A
first RF sonmacEndBF posveeltethiercdaably aepopdideed modified Exelype30e D r ode 504.

P B e o 5 A PSSk ok Bemome et 00
) 9 SO Rk LU0 oS PSS U RIR S
conpri se as dnt@Aablvzommenrsl te the fist REdoarc2 SMzheeavend Risoatee SB8S ther ent
conmbi nations of conpnecting RF power to the el ectrode are possible. A
modi ZPed EXRaushpump g2@yedirst control valve 537 connected to the deposition gas source
512, 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 gas 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). Iiis 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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) (Dual Frequency Confined) nmade by LAM Research CorporationTM of Frenont,
California maybe used in a preferred enbodi nent of the invention. A '
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an__d on th_gtegféﬂﬁg\wiﬂhs:h@ét_chh@_p@dmg@resi st mask. In the__ preferred_ -enbodi ment ,
the deposition Is done in:situ in an etch chanmber using a_chem_cal vapor

deposi tion (CVRyring Beelsposition. dhe Buasimederadiongatio phihg dgpesitian gasds pehapateh
the sidewall,of -the ist . Pref - it '
cher oy JFk 731 e BR G rEGER A8l BE P CHIP Bl 3 o B

-enbogs menffited BECPLPCEHSFAN QMM d; HQICSHRBYCHE, CHHNGI;, (HY al:Wsf 4l Sibl,ckness
and spatial distribution of the protective |ayer. For exanple, it may be
desi r abl eSi{@HNerSHGHsbhilbisarclensed thagthese ehsmisaigaigdialogen fiep er bavery pdogen to

St ruet ur agarbe o hE ARt BRE SafFoRR Bt Beufl Bmdspu il feibgfudhel 13,
of procesgiig KReaERdnaBSy Bihs IR cth eiktahhiBerphbiQurifasaisratiihe RilandSiF,

etching are separate steps, the process conditions for passivation nay be
opt i m zedwéwd be mised todfoun anwinoigheus siliner kaver (ai golyanterphives sticpiyepthscess.

Duripg th eposi tion,..the fluori.nesto-carbon rati he, Ltioncgas
o bl orithegr g s el B€ b SR APy fifhiaRedlied RudRERE 80
used for W MR HRonpsheds €TROpresence of other elements, such as F, may be used to yield

selective activity on different material surfaces such that deposition occurs preferentiaily on

} “one but not the other materials, such as on the photoresist mask materials but not on SiO,

layer, under appropriate ion bombardment. 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 1s 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 efching gas from the

etchant gas source 514 from entering the process chamber. The controller 535 may also
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15 limted to, CH3F, CH2F2, C2H5F, C3H7F, C2H3F, CH4, C2H4, C2H6, C2HZ,
C3118, and SiH4, SI(CH3)4, Si(C2H5)4. It is preferred that these chem cals
are hal ogem2ém@s4as have a halogen to carbon ratio of memusasrisithan 2: 1.

chen st ry cPAfabEPpRPr LA b Gt apd ST RIS B TAER e Res
Si HA woulstlo benbesetrd I oty B beaRRY RN Qobihk vealer frésfre, balksie IFkAmRIRROUS

silicon) over the 20 photoresist. In addition, the protective |ayer may
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whi ch may BiacVoRigedi f f ¢80k oROMDI Nat | w060 Obitgleposijtt 0 valrses for different
etching applications. of different erials_wherg the deposition provides
a 30 prof &iss Beergpat i ng>40elnd t he et zhPgVf eat ur g3 3HeVidi ng t he maski ng
features ' 4 ' ' i . cconpl i sh
this step, the controller 535 may cause the first valve 537 to allow a
depositio f sl 2 berwedh @ntyl chanber
500, whil e@h%%ﬁegﬂg??%@%gg%gﬁgp}/dé:ﬁ{\/keﬁc%%lgﬁ]ﬁ%@n&gr eventi ng g crﬁ%g%ggs from . .
t he et chahbvgths sslmiratearsilioepatectmadertichngy thessupstode sk tbh ardfered The

troll 35. I 13 WO 2004/ 034445 PCT/ US20Q3/ 0317 trol th
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backsi de coolrng Pres t he strate, ¢ var’ ous
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in a passivation and .5 efchin t iin th referre odi. nrent of the
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bet weign arlt isptheref@kepmdssibiteto sapyaly and lveryshd tnrtanebandrdent enerngybyabsollioge bel ow

the substrate. In the preferr .
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 efch, via dielectric etch, dual-damascene via etch, dual damascene trench
etch, conductor gate etch, conductor deep trench etch, conducior shallow trench
1solation 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, only 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 parﬁaﬂy etched way or completely etched away. To accomplish this siep, the
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20

25

more etching is desired, then the process cycles back to step 308, where an additional

protective layer 418 is 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 controller 535 opens the first control valve 537 to provide

deposition gas and closes the second control valve 539 io stop the flow of the etching gas.

The controller 535 may also change other parameters to accommodate the deposition.

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 confroller

535 closes the first control valve 537 to stop the deposition gas and opens the second control

valve 539 to allow the flow of the etching gas. The controller 535 may also change other

parameters to accommodate the etching.

and
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boi ymer layer that is constantly added and etched away during the etch.
Table Il is a table of sone of the paraneters that may be used in an
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control valve 539 to stop the flow of the etching gas. The controller 535

may al sohmﬁlﬁgegt%l%ﬂ?é‘r@‘ﬁaﬁa%f’éﬁi@di@ Fedola LB avithe coripeidiold 416, apghommein
5259 °" or BAF 15 PR SShe B ERA SR e oRAR RGN0 el R,

st ep, agaftroni the peovetd ¢labiber 565 cl oses the first control valve 537 to stop
t he deposition _gas and opens the second control valve 539 to allow the
f1 owl8f the et &Ehpthgr graodumgatscantieibsice magds addsd baters stepaiifefopdepasiting a

par amet er . ggp{)) chipg. 15 WO 2004/ 034445 PCT/ US2003/ 031712
Pr ef er abl r,OE?%ﬁigg?a ycC lgﬁ%:ﬁ)hﬁ)g%%ﬁ%fmﬁ oviding alternating deposition and

etching steps PefeapgaiRdidiaidias denRERionRT eheEsBRclive 1bSare ohSid e same
repeated nore than three tines. Preferably, this cycle is repeated at

| east fi vehambesdut mavPecdpse in didipriané champlsss.edn FaelnsDEC 2300gnadaly Il be

desi rabl et at thi l€,.100. tj nmes. Pr. ef bl ' t | t t
ast oyl BeReiERETbyrySubll CBulararase e Balel oo botidhd beneffio pdyer
as shewn igoh Elefs. Giace Weakkphatibnidd\GiEh Bfcddnb th 1 sB@sich8fberd PEIRBYRRa1tHL
mask i-s stripped (step 32 to yield the oxide |ayer 408 with a contact

hol e 416, depossisowmdictch Ea e dane duikklphot or esi st nmask may be stripped in the
process chanber 500 or. after r val. . fromthe ocess ch e 0Q. 10 In
bt hor — enbbargRy o matrial ke e aBOTReGHis o iy A B fre 1o BB Red IO Hiposi 1 1 ng
a  prot echéwd deAd@fioRBf pitftorREISt, Si@SdsSdeedfASY photoresist, 193 nm photoresist,

157 nm photoresist, EUV photoresist, e-beam photoresist, and x-ray photoresist. The

20 older generation of photoresist polymer materials are designed to contained
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 etching
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 jon 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 ion bombardment energy is 500-1,000 V.
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"Preferably, the etching and the deposition of t he protective | ayer are done
in the sane chanber, but may be done in different chanbers. An Exel an, DFC
2300 madeydmwoekéMysResearch Corp. of Frenont, Californi apgeyiegdstied to

- perform both t{}e cia@ositiog and 15 etch steps. Since the deposition and
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t he 1Hventhirdfalved4d1eheiepesent PhdR thaaydie vaivesethdOhe RAditioha $hsds maElsk and a
bottom antirefl ective coati %( BARC) between the Si Q2 |ayer and the

phot or esi &iepandemntly epgdeligd briae contrpiies 230 &'or ar Bxplan pHEc2X9, 8 haslpafe prsure n
t he proces hanber 0 t ch | fr tch.has a
or esour o Gl RTRrd KosmoR o eRaii Bcexdy BRE 20TE oun 81BN Bl S03.

t he exhaugdfesdaveIRviBaDisanéhet athé bawer ke Elick gl ah bated Backisidk PressmréIvhidin i
power applied at 27 MHz is 1200 watts, and. no power at 2 MHz through the

el ect r odedlogD 4 tieaRLcrrdge of i chuekyi BierapnirellatiPSqe ebledd contepd these prosesas. of
CF4, 28 nd 12 st ngeposition of the protective layer is performed in the Exelan DFC 2300 at a pressure
of 50 millitorr, with 800 watts applied at 27 MHz and 400 watts applied at 2 MHz. The

deposition chemistry is 500 sccm of Argon and 50 scem of CH;F. 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 CH3F, 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 conftroller

30 535 would control the power and other parameters as specified above.

An etching of the S10, layer is performed in the Exelan DFC 2300 at a pressure of 40
millitorr, with 2500 watts applied at 27 MHz and 3500 watts applied at 2 MHz. The etch
chemistry is 400 sccm of Argon, 36 scem of Cy4Fg, and 30 scem of O;. The C4Fg would be a
polymer former gas, which provides polymerization during the etching. The O, would be the

17



of 02. The upper electrode 504 is placed at a-terfperature of 180 C. The |
chuck fornmed by 10 the |lower electrode 508 is placed:-at a tenperature of 10

C. A baclg) flRiosag€ zone chuck pressure of heliumis pbaggd@koiprion. A
backsi de outer zone chuck pressure is g_l aced at 15  tort. In this exanple,

t he BARC @tldngicgablsr ssaiMibqueivthedlyosine EamCaFrpeused in sighing, the flporige in thés s
th i1 516 - ovi d
oS E o BISHEE Tequt S RN AN o erl e tfind g Spbeifedr@aRi Ml 350

one gas Seipefturths 186° ChiAr ehueRisMBaded bt FRsmpRRIRIETV TP bidkalleGMeryBhy €,
so that the additional gases may be independently controlled by the

cont r ol | eshuskpressure efhchyaiaplapEet 38¢0T. A Haaksidsower jone sBugkepregsurdiisiplapedi s

used to caqal, .the .chuck. The el an .DFC 2300..all o f ok i er backsi.de

e eashr e dloip b 16 B SeaiE AR Refihy BhGsiie 1 2o S el VigeiBe REhd BE SEK 4.

pressure whiofProvideddi@iRlthd abpbglﬁoﬂ,tmbugg%ﬁ&a%itﬁohem?@aﬁ fmayHeaise@absigt | er
epositl o

535 is able to control these pressures. n of the protective
| ayer is grpobisionedhersontiellse?dd sonbiFeos3be fiest valvp 525 s ependhe Secomil vhalve$RP,

wi th 800 tts applied, at, 27 a 400 watts ljed at 2 MHz. e
deposi ti oﬁﬁ%ﬁ%}ﬁ‘?@@r v Wﬁ%ﬁb"@%ﬁ%%ﬂr %tocﬂ’ig%%oggﬁg%dcﬂﬁﬁl?ﬂai EMBIEfhe Wpper
el ect r odecdrgrollRl 855 rodld @nﬁ%@b%%&d%&%@raﬁet&?ﬁs §hdfiediabobe.aced at a
tenperature of 10 C. The backside inner zone chuck pressure of heliumis

pl acéd at 30 t bnthisTéranipde Kisitdlee BARET eteloseebrotrlifok 50 seswids.eNest, fleaced at 12
ton. In this exa , the . .depositio as squrc 12 woul rovide t he

CLOF, i SporEORGI e BORGLEE Bt (o DA S pempred for L0 Seeghils. MR SPBBFed
from the,adel L , ' ' ' bot h

! he tepoh i iLBEPlor I03.CAM GRpON0). PhENiRe BREAohTOMRRIVOMERE OOLN
537 and cpafenteldos 8¢ savdndsastep 3880 . Theheich aftth¢ feahire foriSsedommls{step 3h2 ) anid thére

flow of argon fro he additjon S source. e. contrqller 30 535 uld
control t °5'6W€r°rpé Btadkye %&?Z‘Jﬂ’é?‘gﬁ%’o’é @i‘?@é&j ‘é&el%?&@\?‘é‘JP"fAﬁ’PlE% iﬂ?\é?of
the $E2 j : | : :

R e e s R A e )
MHz. The atdcthe phbemesdt is/stiipped(Step 820). (Thefefgenin 1B examplepthe@positiamGtd0 sccm
of 02. The F6 ul d a palymer forper gas, which provides

pol yner i z-’aQ%%ﬁd&%dﬁtjpgﬁé)@F@d?ﬁ@f.fmﬂi‘fé‘f!é%mﬁ?scj be the 17 WD 2004/ 034445
PCT/ US2003/ 0317412+ e?hﬂﬂ{i&gfo?'&ﬁ?kﬁﬁ %ﬁend%'ctaﬂ‘i’;eg\}}it{eﬁ%s“ uorine from C4F6 is
used in etching, thne uorine 1n t?’n s exanple requires the presence of

oxygen t o5esmbBARC etehrgl0 skhedeppgicion el (15 @destéls+i0aeedlepbsition)-e B sdcatiche
of 180 C. A chuck.is placed at a . tenperature of 10 C. A backside inner zone

chuck0 pr essur elrofhis@iempls the ppigelee layerdppiefirrntially farmed eeths geask apd sulernlie
pressure |f,play i t%eﬁwé%pg)ﬁéfﬁﬁghﬁ}\ﬁ]?gﬁw é%%ﬂ%@ma&]@&n&éigé’ﬁms SHitie Peatliné©

514 woul d provi I's not provided during
deposi ti oihan ah tiobgtonC4Fthe \fbdtine b thex yig @rotemiye beyetiBefdrmetd gl 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 efchjng systems may be
used. |
FIG. 6 1s a photomicrograph of a SiO; 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

18



) depOsitioh. The controller 535 would close the first valve 537 and open the
second val ve 539. The controller would also control the flow of argon from
t he addi Ww@p@legass source. The controller 535 woul d coptialszeédaspawer and

- other paraneters as speci.fied abqve.. 10 In this exanpl.e, ,first _the BARC
ot o § o0 BTt g arah SigeBERES TRt the dhatactsanERTY GRMAT (Cetp OIE Bt

| ayer (st i ' ' |
et ahed o S o B S ot Rt pHOpRsls?

Izgyer i SdctuBf adisButi 312'611)01‘ the fﬁgmal(;pme(-rs% gpicﬁﬁ%ﬂapphaﬂaneimﬂthc Idticgiécttillnaaayéea} ahow?g or
secon step 312) .an e. deposition of the protective |ayer for,
seconds (§y§ﬁ% @e@)ﬂrﬁéul A fhF Ghmtacteies .ans&“?ﬂaﬁ%é? nQACSERIAD!St T%ﬁ@r‘?té%ﬂ‘iﬁ’r e
is pekfor ' .t .

and"the pRg ool eSARIBEhe bROBRet Sld Rl BT B0 ploVeABHENSE A iPRnAMY | |

deposi t i osois ereh pr&fd8es.and etch (step 312) cycle is perfornmed for 5 cycles.
Anot her notation for this same sequence can be witten as: 50 sec. BARC

etch + 10 sec. ldgpogntipmproyides g apre gest effeetiyepradrssiban thews ol shigked ngsk.sec,
tch. 20_4 ' ecti i i 1 d
b st s BT RAERoE BRI itk Bord aMERELCTG By b O

t he mask an ure, sot e“protectiv

t hi cker oalsbpeovidgshetrnekch rebali@bi 18ssafxpbite thand dticked itk padebdie bottom of the
feature or that no protective layer Is formed at all at the bottomof the

f eat &?e. D: f f erl@adayeptodioratdisd maibaredigiseticarenémph as silieen pxidgb raléonductive
are . s ey _ i i
Smap§ Clb_el ;SL%%" {Sg&‘ie%{:‘ﬁg%&éf"gs.‘&%@t 'TEOHS% E’rpf?ofi‘tﬁ?‘gwe{ég%?r%%é“ %g‘labtf#’%oaéng%%‘% ﬁsile Sé‘?‘es

i s an ExekpioPhffid3d sikichexyilddd)l edr etk R osdsh@ ByFolyIeecnd Sadh akl G 6

is a photom crograph of a Si 2 |ayer 6§04, which was masked with a 193
phot or esi shlopnedluosing.gibromgk, mey be useddanitls eeling step,(Warethedaeposidioa®®y usi ng

the inventive. 30 deposition,of .a protegtive |ayer. and etch .pracess. FIG 7
"a phot S BPGgPR s Beadpe aSsPr G tin ol Hin Lo BufiBEREn S 103
phot gsesi st mMagktHePréfefed ShBoUiASAES thé BiveRtisD Mid BésirabldARS) sodi-dRke 708,
wi t hout using the inventive deposition of a protective |ayer and etch

process. femperenpeoidhedensyitiongpariemnyt mingd With pempyrentspf thé etchgas sitogsome

process of .deposition, and .etchi rovides the desire ttern transfe

Prom & he. PlibEBBteat eRRrEae Rt Ried enfitic L5eftiR SEbaPRaion. 'ALTRSL,
PCT/ US200 HsbhtrdBer dahld@inisthees AbWAYS 1t ofid £4US aéplérel 88foré Andthat gﬁ% e
contacts are nore circular. On the other hand, the prior art nethod of an

etch wit hagludedt. he deposition of a protective |ayer for the photoresist
ol Btric 1 ay ot U S em Bl P doneFl BB ol iR FE Rk ol es
and whi ch pievidQtto FCARINRPhBcestng BAMbECIN the deposition step and the deposition gas
' from the deposition gas source is not provided to the plasma processing chamber during the
- 1 etching step. This méy be done by not providing a component of the etching gas or deposition
gas. For example, oxygen or an oxygen containing gas is a key etching component to an
25 etching gas. Even though C4F; is als.o used in the etchant gas, etching cannot be accomplished
by C4F; 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 C4F; 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 etch 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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5 layer on the sidewalls of the photoresist and feature may al so prevent
striation, that is found in sone etch processes. The invention provides a

mor e cos{yefobfeidsye process than the use of a stacked mpglyus26d3RsE13 he.
production of a stacked photoresist mask is nore conplicated. The invention

may al soolpy Suiethsetelostens Jerpddion) bias afewqﬂé%ﬂgmg)ﬂyeﬂg'g stepappyPedugher il nask
process.O&g&iﬁfhghégﬁg&ighﬂé@&dﬁéched may be a dielectric layer (such as
X1 de),

silicon a conductive “’layer (such as netal and silicon or other
type of sem cop@uwidiog s sepagite deftaitibintdp dndyils presaneh ofithe iljrhacfnnérts pes/idnd

silicon oxynitride). For etching a conductor |ayer, halogens, such as
chl ori ne, palymerzaten dyring thestele stepaljowethgsseof e W@néfﬁrﬁt‘g{gﬂ&m fordighes t he

deposition jay. .contai.n c i cal sed to deposit a Grich thin filmor a
thin ?i I nﬁpfglgﬁggﬁtﬁﬁﬁ%%%fa%%ﬂmf%g PBef erred enbodi ment of the invention,
it is desirablBykhgtingpasivatiof Afses GOIPQEIENE Sithind, tds BoRISIE td Q& 1ATrar € not
. mxed with conponents of the etch gas, since some mxing decreases the

ef fi ci encipneheigissiwighat Yepsepitlle gegstnsi amdslamgaeiobtheelghingmesk. As a resul t,

the controller ould tine e gas.flaows so,that, one gas s depleted before
anot her ggéd’l%&ng‘ga&aﬁ“& cfeﬁwaﬁpgﬁé?l%‘% Qg e e %t ﬁtﬁ]&eg gas from
t he et chi §g, 98¢ uSiAREfrits pRivatiBh Aeps Pofiie ahd tabk pRoIBHIINAGASEI NY Chanmber

during the depositron step and the deposition gas fromthe deposition gas
‘sour 8 i soptotizpd by chieating fartesapples anagsivotios shengcelminbene thatforms 2 he et chi ng

step. Thi e do not. pr.ovi di co ent_of the etchi gas or
deposi t | obprigaed TP bl foptin YRaro el Y SR CBEBRtwer A BALHES . key
et chi ng coumReHeidin@hd@RtR4ANNAsGa8 theﬁﬁ?dha%éé%ﬁ@e%iaﬁ@ tﬁﬁlﬁhﬁ%ﬂiﬁ@d n
the etchant gas, etching cannot be aceonplished by F6 w T hout oxygen in
t hi's exanplating.Sé ddiionpliy thelpasgivetigmerenustracondityape nsuchras pressurg andas duri ng
the deposition step is.a t hod of. not providin he etchj.n during the
Hoposi 11 ofPSREHOgyEHY PF P O SPPHH HB BRI RRSPABRE cRRES ol oo
prefeered NG r%,gg%i {HiQPely 0cess is a non-etching or negligently
etchlﬁgg a%&‘ir]r%'gstﬂ{(C(]:[)n rising Iegs than 10% 30 of the |ayer to be etched) for
form ng t he prbhereforsdydasingrigdepSnddnt pasibptien andetchpasevatiomsfepsbe, but is
not limted to, CVD deposition or sputtering, since CVD and sputtering are
not used PHOSFSSBEERPAEIONS.FUPhES GRPGRIMIE IOV GRPTFE MR PSR EY he pol yrrer
former i t : Jfﬁ?ﬁd 184 i i ded during

t he etchngéog%éﬁk%é%éﬁﬁgb%g&?g&%%gﬂg? erﬁgﬁggnbetﬁjvggﬁl&ﬁ?gh%gposi tion step
and t he etalditiineor each bi@p tapreoidehamepticongberating ehd thepinidedgach. i s present
19 WO 2004/ 034445 PCT/ US2003/ 031712 only durjng the etch step. In )
addi £Pon, bi asoﬁl’iﬁé?er%ﬁi’ﬁ?srfﬁ’*‘??fgoé%‘&w Taxge Hﬁ%ﬁi ﬁéaﬁilar%ﬁewmls?%\ﬂr the ctohing

directiongly cfe&agmi&g.' 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 wall areas formed in one processing
step can be released to interfere with the subsequent steps.

It may also be destrable 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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"Providing a separate deposition step and the presence of the polyner forner
to provide polynerization during the etch step allows the use of higher
ener gy e@&@%&ﬁﬁ ‘for higher 5 etching rate and bet t e c3RiSRfISPHS

- etching. "By Keepl ng passivation gases in an etching mxture, It 1S possible
to use hi ghiect ofithis ietverwgidmteninnixogtof shemiselsbabyasndwodliferentrstepdawhigb of t he
et chi ng mask ditionally, anisotropic etching can be achi eved during the
duration 64 {4gEadetpRpP Omé%ﬁf). By using separate passivation steps, profile
and mask pr ot et 4n.165Be REsirkB1qRkiHE A6ChibN spiQaShadhe SfrotxaWREE, @
passi.vation chemcal m xture that forns a harder and nore durable coating
t han pr oduaerhllyg the cehedisiog ofithet agotricabpoves itilocan) gleadrical disgbarporeaofs et chi ng

and retardati on gases in the discharge .can degrade the.quality of the
coat| G- RERNIETLS 15pect othgsbaizsat Oh CERERPS T ICUAPARORET Such as
pressur e 0fircf ARG Ru@binRlte, iy BEikBlehobe dule Qo QRIS Afipbd irdigpREd | €5 Of

t he passivation coating suc t he conposition, thicknhess. Therefore,
by havi ngoiire epaatahtonditsis\ oitlicanoassing tichalpassich as itepredsersof iy gasessi ng
conditions, such as tenperature, power, ﬁres yre,_ ion gr}fzrg , and

processi ngiiyaEeand thejenapsrayesiihe wefey sehsHateo| the Fre ditesrns sishT 8@Yopt i mal
condi tiong_for I gl Qb ptim zed
etch: 20 i’fﬁ%reaﬁﬁéﬁﬁég@n{e;o%{ﬁg@e{g%ﬁggég%?ég}%dﬁ%nlﬁeggg useg%gg%g%ﬁpgr gases
duri ng botust hecleingbsé@ralaintest yihstisg Qreh pArcesxemdittorsfto baokdigedi nert gas
woul d be neon. In an enmbodi ment of the invention, the chanber wal] areas,
whi ch may quisktyzdlowsifhea fastes sclng tipsngraliops thepipcess conditigng todregemicfar t i cl es

sust ai ned by.t he.e ri di ke o}

Soss bl o SHtTHEbERED SRhay RRIPL Ok s R RRY DT RGRRe SR aB8  o
this is t@geefidla® Hahe alcehidd] cogpasiikédiysem thhrisebibebntrotand areas so as
to avoid the so-called "nenory" effect, by which the chem cal,£ elenents
cont ai ned simchrdnizectbaranid chingingoftheppeessing conditiogs. The prapyter isgecdicocessi ng
step n be rel eased to.interfear i g - al so be
desi rabl e® ‘H%?O“i‘rﬁﬁncgsafér fedyeie icﬁeaﬂéeégtrlﬁi %8%92%3’#@%@%‘3&%@“?@ e 30
processi NQ@ekhaoPedridus devides Hﬁl@vﬂﬁlg\/tﬁé plugdiRy bf coliéti@achankevingkabi | ity tine,
denoting the tine to establish a constant desired flow and the tine to

est abl i sh prenepiieg ehamtlyence of the said gas at the processing chanber, is

nmade to be ver hort..so that the transiti . I as mxture
conposi tion t Fhe REpisig ssm iy cplgite Loqiss gg‘rh;ffeﬁéaﬂsﬂc%%@%go 2004/ 034445
PCT/ US20034 @3 elskep maPic6@ibried a bdMes of SiffefenBy@hthgisedpar - m xi ng of chenmi cal s

between two different steps, which
20

Trench Etch Example

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 exalhple. FIG. 14A is

25 a cross-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 the substrate 1410. A dielectric barrier Jayer
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 patterned
mask 1428 is formed over the substrate (step 1312).
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can degrade the performance. It may al so be desirable that the el ectrical
system and the control network controlling the conversion of the

el ectricglo ﬂﬁ\%g_ 4Bt0 an electrical discharge reacts 5 gy, fask Whth
respect to the changes of the discharge conditions and power requirénents.
Furt her nore, The ey £otEd layen 18120 ds aubfiestedtoquirakh ptcbivaclgd 3ahdThe abi | i ze
other t external, conditions of the processi ng chanber, such as the pressure
of the gadon® 'ei%th?%CI%L%l‘ﬁ?E%?ﬁ)tE? ﬁt]gﬂ% %fe(ieflmfﬁiggmpg?ctgv&agxer gedie’since the
two di ff efi@hitali! SRBe VWit pla8RE abRAitRn! (3cf 4 306Y A et Pind ih i ,
condi.tions to accommodat e each stepgglo rgug? be char?ge 1séever m{l?ﬁrrlggl?

Al | owi ng {stepH 332dc Ebe cyadasirepiesied 1l the coh afi fecichysiepkB4nlThaywefemeda f ast er

| ti d al h it ta b i ed i gnifi tl
patwess spipliind she i SaBhOEERGrRas of litsons mopn MG grelerapbe sy ai o0
be desi r ablRhlpcaNte B 5t at [EQMRUE Bhlcg RISy Efe?éﬁﬁlp,athe ien@Plien bggontr ol

~and synchroni ze the rapi'd changi-ng of the processing conditlons.

conput er issepestad atdeast Gveames. clbisimhdeed that thhb graatgninmbder eftyolze allewsl
synchronize with a.pre-defermned.time. delays of various .devices providing
Che bl ur afof fiungt Sl 16 he e st 7ok qucls,Aioudas 1 acriastan 1o teneing

deposi ti og, B ARHEP T &S R i ' 414 he
et chi ng stSEE% co?rprl s?%ﬁsﬁlégs&o g{;t%%lea?gﬁw@gﬁ%%gﬁé;%ggéﬁggﬁl rench

Et ch1@&xangitee ilkd fotecdive $ayar tM5GHhak beeml ddpbsivedc Ireferdbly, tindepwaitiph of ity f or mi ng
a dual damascene. feature usic[l‘ig a viégf' rst schene. First a plurality of
vias are RTBIERBYE [ayFRls apdepinopiotHie-ofhwgld piasinasioreytion vhich inghishe net hod
descri bed, i, & ' : I [ Cl.OSSp j.onal view of
part of - arapdienPlRh 9 ol IRE fh el 6 mhiid o iR MR AN BREL LR ecn ©
formed. Ahésidetvatle of Getvidsd Mosa pebfaalsigribo depevitiac ol 4Q6rfamyrelitiopligggd in a

| ow- k. dielectric |ayer 1408 over .the substrate 1410. A dielectric barrier
| ayer 14%ovhigh gasedhe depasited pgteckivedayeards coniormalemgamng o prssess eqiali con
car bk ge, Eﬁ,x _ V. : 1L e ts 1404, 1406 to
pr evg%t tt e cg%pogir@lg?‘% %s‘?%llrﬁsttggflg%éﬁ §%?%eg'l g%? %?@9&%?@?9%%% was pl aced

over the fhaédss alsol ceyminslshdR dirdotivail rdfdOalanethasiemnsichid4dn Ndsigedhave been
etched into the lowk dielectric |ayer 1420. Partjal_pl u%s 1448 maybe
formed atSt¢lHBg BHERWIFBE. Wrsach/3 manyes il theand elfertgf applymgihe gepasition st ep. 1 n

{ ench patberety vidl s ribER ol Ol B8 B8R BB ritel e ol ) | °2;

deposition on the horizontal surface that may impedes progression of the trench

20  etching process. It is therefore preferred that the deposition process also is of
sufficiently high ion energy so as to effect a selective sidewall protection, meaning that
a protective coating selectively forms only on the vertical profile sidewall but not the
herizontal 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 bui not reactive towards the mask layer. FIG. 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 directiona] anisotropic etch.

30 - After the trench is partially etched, if the etching is to continue (step 1324) the

| process cycles back up to step 1316 wheré 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 F1G. 14 E. The cycle is continued until the trench is etched to the desired
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" WD 2004/ 034445 PCT/ US2003/ 031712 The lowk dielectric layer 1420 is
subjected to a trench etch cycle 1314. The trench etch cycle 1314 conpri ses

the stepgoShofd@R@si ting a protective layer on the sidepglius:0b0ihe via

- Wth a plasna, depgsiti (step 1316) and. etching, through the nmask (step
1312) . ngprﬂ?@@ @45@%&@ rapmng PR loyer ppbmaplels Sidned (8p4) . In a

preferredBEzS?a_nbodi ment, the trench etch cycle is repeated at | east one

time. More preferably, the trench etch cycle is repeated at |east three

ti mes. Mbst [Fléé embhbdliygent hevides sidbwell protegtivhao pievenichesingd Tt needhsir five

times. It is believed that the greater nunber of cycles allows for thinner

si dewal | < highpiigigmrsieat fHoetingananbe gimnated) |Apihosisr Pl may kegissd ton i n
e _ pee . ' S & oart
of 't Ho s R8T FRGRGEAT Ty Bbielfty, HiRiav, B0t SRBORFEDIQIR b PR Ly

Preferablay plupe deposition of the protective layer is an isotropic
- line-of -sight _plasma deposition,. which in this enbodinment fornms a thicker
| ayer on the Regib&urface of the mask and a thinner layer on the sidewalls

f the vias. f he. deposi i onmi s_ of . i on type,
"n whi ch casdhchgoREs cEhPRle o B PR Cobll™ BBsPuPi ol o V™
possess efindiscdife feitbfdun@nsa 08 firfiendthdd. aviavatd fidtetbhal ificiBwaolal $5tkp aces.

Preferably, the deposition process also contains such directional renoval
mechthi sm304uchn this exgmplss ap prgigl pleedhionmedr Asghotaresistritgnch patéamm mask sanner

br ot et VBTRESPYSighe Horh Do L2y SR SR eive oG T i BT e Befiben
deposi ti 8513(% HebfediGhé 2081 Ryersnt iREShdibrREistMYsK. TREE&Sa PAsOFLRak efenof the

trlench 20 etching process. It is therefore preferred that the deposition
process aiteps may lof added té ppenemuch ynitrmegdidtolayerser gy so as to effect a

I ti i d I . Ot [ ' t hat tecti t .
sel ect i vel y T ohnepafigh 8fihe bR Tt ob Semels & B i ieh 8 i phrfarmed in
hor i gont ahe ke MFE 2900 arSUERGRSIED hilBtoft MiBUODIWatlsAphed & JOVELREG A

t
protective coating can formed on the horizontal top surfaces of the mask
pattern siattseapphied 262 b B deposition chémistry isé)esserbfi Argoudd scmahf,, ahd 00i t

L e 5 S SLICHE L ST BBl SRS VRl Lol
after the ghiRrfire®red? 0d The %aéﬁsﬁ&ﬂnéﬂ}!’oﬁli:' Gﬂléﬁfiﬁeﬁﬁfe'%f(h%fi@rﬁ is pB20I at I%Otﬁﬁhce’r

all of the via sidewall is etched away.. In the preferred enbodi nent,

et chi ng iBhebavkghie bwier smerapycldpreentré trpdhcednit 3 btoropThis stephs c8fiedbtiefor #he
tregz@ IS Eal{;téi ally etched, if the etching is to continue (step 1324) the
pro s &YEPES- back up to step 1316 where another protective |ayer 1460 is
deposited, WhkgRiAGR! IF FPEAE iROThE ChiA D! BiESYBLISmIdY ih ke Mkden DRE SiWMR 1 0
FIG 14D. More etching of the trench 1s performed (step 1320) to further
deepen t hepressancbf 80458]itcas with 800 watts applied at 27 MHz and 0 watts applied at 2 MHz.

The etch chemistry is 200 sccm of Argon, 60 scecm of CFa, 20 scem CHF3, and 10 scem of O,

| The CF4 would be a polymer former gas, which provides 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 trench 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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‘shown in FIG 14 E The cycle is continued until the trench is etched to
the desired 22 WD 2004/ 03444- PCT/US2003/ 031712 depth (step 1324). Then

t he remaiwi Bg4fsfuscti ve layer and mask is stripped (steRrdd3dseziBi s
enbodi ment provi des. sidewal | protection tq prevent facetin e need for

: 1, . Th
a hi gh pl kg tieachy plehing: durafom, whije figywinrertical sifages gre W@%b%fgﬁ thptrgnelny be

used to 5..pf; epi : t I ] . Lo S :

embodi mer? et sy P CRE P Glch E VR Gl ol o GURY s Rredivgn 4 e
‘i nvent i orhigh idinérRrgiea iR aliosprefeede e benelivsuthprehenies 26 WFRAC oI, @adskbRd USi NY
avia first method. Vias are first etched into the Coral (step 10 1304). In
thi s exanydsrlayg sglectividies plohe pishing exagpleaths 860w 28 ddz RFmemeh ppavidestn2fask

is forne er ot r ro{ste 2). An. anti.yefl ective | ayer ar
ot her 1 ayar &G p0RB Bk shAUE: RSB Tl b R g P R B e
mask. | n susithareheh @tchf propétied &hnicid-8BSchity afRcBAHS depdhdemgNeeUch

I nternedi ate | agers. A d’ep05| tion of the protective |ayer on’'sidewal |l s of

the via (step TBadypastiqueriitbhe protective layer (step 184@) ia pebmoedidon4asecangds. e¥exiy e
of .80 ml)itorr, .w.th O yatts | i at...27. Mz .and fts lied at 2
o, he G ySrt isintidnr 1 Frore B 13P0N T eptiicn stheotreie Thky ey
seem of Cf36) The tHEMEHin e bk e (S&P@o@yﬁﬁy% 16hehRARSHAULE 6f fifned Wifich The
chuck is placed at a tenperature of 20" C. ~“The "backside inner zone chuck
presdr e povides atrentls cighaf33004. 15 torn. The backsi de outer zone chuck
pressure is pl t.15 torn. Thi tep is carrjed out for . 45 20 seconds.
An etching of ?ﬁﬁéﬁ‘e@ %W&Wﬁ@gﬁﬂiﬁiﬁ* ‘?Séysg?nqr'éd }S‘SWf%LrarF{%‘G{ damasqenedeaiuss,
DFC 2300 - b \ ' ' ;

and 0 vt o 1B RERERHESSRorde W thE bhbile, PLG DD aEh b AEDpbiye ST bE
sccm of (k4 du@tiasesnerEHE8prearidiad DS Gleseewhed ihto thEWBorflHdyesd GO8L hetremcﬁdlsym_
fornmer gas; j ch. prqvides, pol ynerization durjipg the etching. 25 The 02
woul d be 5%%%3@&@@ 2 Simoa {ig SXATAPIE Kl Yot s p Rertiel BRECROPIg i8¥d | n

o)

enabl L et SR, SRt i B L PO R TP R TR
chuck is wtihéethed] althdughpenadlamount o2BcdingA 5S16andyheckeen.nBhs micrograph alsl
S o b B bt e R B b e 1
Lt o 0! P AR G BESpEEBAIAboqSytel s it chaly o1
as the controller 535. FIG. 8 A shows one possible physical form of a computer system
20  that may be used for the controller 535. Of course, the computer system may have -
many physical forms ranging from an integrated circuit, a printed circuit board, and a
small handheld deviée 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 diagram for computer system 800. Attached 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 weli known in the art, ROM acts to transfer data and instructions uni-
directionally to the CPU and RAM is used typically to transfer data and instructions in
* abi-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
coupled bi-directionally to CPU 822, it provides additional data storage capacity and
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"to provi-de sidewal|l protection on the trench sidewall surface to effect  a
vertical trench profile in an anisotropic etching manner. It shoul d be
not ed t hato febpotmench vertical surfaces are being cont paumssiogosyyened up

-during the trench, efching.:duration h e needs to b r ot ect .qurin 23
VD 2004 GBS POHSEIOL S SDPPIEr FHARIE SR RSP RGO o P Mt | ot he
via vert '8@@'111%}455 A68%0 Hofe ﬁraglfaﬁfé, 881 Qne thd ke 4118 Bypidllsh REoridare oMrenced,
since trench and sid

via vertica ewal |'s are quite different. Mediumto -
hi gh i on storegeginedivan Esueh soa hard disk) thdt iseldven didn prioatly storegeerlt wédbas trench
~profi.l e, mask, an under | ayer selectivities. Ln et chi ng _exanpl e, the
B Oow 2onppREisbRt e gHodhon rotgged i fxed A SAE BB TS Even
hi ghes iqnp_en S | JHERSNGE A9Vt mEASrEinl §6hory24such trench
etchi%g p@%%é?%%gﬁoéa%&%%%@rencﬁ@%?&gg%ect rapi%o der}gndency, etc. The
deposi t i qrerpdvabledigk 8l 4 atay\skelthy form(cftaep ol Bk Gpripatqraedidableadediar 45 seconds.

Next, the trench is etched for 30 seconds (step 1320). The deposition of
the prot edeseried bl@¥- (step 1316) and the etching of the trench (step 308)

maybe repeat 0, ' i ' L en ch of 3300
A FIG 15A ie(gpa g%%%ﬂ‘%%@%‘é@ﬁ%‘%&é’ﬁ??%?gm&’%‘é”f’?@’%?‘“"@?ﬁﬁ%’ %t;f; dual
damascenegiffiay 804 keybedrd 82, rhase 3¢2 afbshealbo880.nM genctdheancnpuifeputFl G 158

is a top and side perspective, view of the dual damagscene feature. Vias
15041Qr e deavideaday be an ¢fe vidse displayss diack balks, mice, keyRauds picioghongss o et ched

into the Cor,al |ayer,. Since this dj ' | ug, no .
plug is itﬂu‘i]gs?ﬁg ﬁdéipiaygbé?rﬁg?ceﬁgégg% ll'sb{r?ggﬂ 5 ce&@ﬁgfgﬁtgﬁ%%ﬁaﬁ%m?hegpl ug is
not needegy|Eh8tyMiss, dofkelor Bt redhnlzefspbivhtbiried icbdurgloratigel | amount  of

faceting 1516 maybe seen. The m crograph also shows that fencing in this
exanpl e hasnheen. GPUHSR optigrallyimainhd spupted e adother «ampHisAfed. FIG 'S 8A and

813 illustrate a combuter system 8 0, ,which | Ixt: f \,ng as the
control | eﬁﬁfeﬁ‘%@mlﬁﬂﬁtmgﬁn%tWSé&uSg?ﬁamg‘gggﬁ IB*GEE ﬁ% ?/%(?gg\}f 1&?%?%}2%1%%0@[],[ er -
syst e, 20ud-Bak, iRYcoRtentbifgd fHaf tHeTPTE Akt 9bdetVe iBBImalbn GM 8@ netwigrkeonput er
system may have many physical fornms ranging froman integrated circuit, a

printed comrmight obipat thforamdion to Bxrmictwark il theicaurse i perfopning the Aeye- super

ter. . Co 00, i ncl ud it ' . 804,
houbi ng. ttobedmeelipE HumeriSirepited prifgiuhSlts 8 fre BB 514
is aco rrpf&%; @xé&@&%&%@ upBA CPO 81968 by dxeaits bobr Aadtdotiosiihchs e Intefietconput er

system 80 FIG 8B iS5 an exanple of "a bl ock diagramfor conputer system
800. At t amheajirotios ydthemeote 8PU thatsharesh gertiparafdegproressifigsy st ens.

7 ooghecr 5 B pbn SR E b e S PRSI AR, T
random acgess.. BRSRIck Wit boRpetef-RAHa18 nédiAEHaY have computer code thereon
for performing various computer-implemented 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 (P1.Ds) and ROM and RAM devices. Examples of computer code
inctude 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 In a

[
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30 (ROM. As is well known in the art, ROM acts to transfer data and
instructions uni- directionally to the CPU and RAMis used typically to

t ransf er wifbqq@idss NStructions in a bi-directional manperuBesniizt hese
types of menories may include any suitable _type of the conmputer-readable
medi a deszrichwavhandigpresctingadedrance gbmsirgotigns shat g feeable bYia ect i onal | y
to CPU 822; it provides additional data storage capacity and 24 WO -
2004/ 034BE9C&LET/ US2003/ 031712 may al so include any of the

.conput er - r ead P e RFintetfRndak besh dabived ibituad disskerd@3fefonyd be used - to
store prograns, data, and the like and is t%ficatl a sefondary st or age.
nedi um ( subbdimsends, Hzard angi dliciations peimuisliciend HbAtYHE GaRER %M‘i@@! It will

be appreciated that the j.nformation retaine it Ri i i 826 may, in
appr 8pri &alewihiyl §?qﬁ@&ﬂhégpﬁ5?%%g@S?ﬂﬂiﬁgﬂﬁgwé&?astﬁ%ﬁggggblr ual menory
in menor - Infilig BAmBmBdS A tikses 61 thk paddyniof t he |
conputer¥F§§'% ?Eﬁ%ﬁﬁﬁﬂyﬁ%ggicrgbed be|OML_C§%P§EZ naypepg?;o coupled to a

vari ety efventipnt Tids theutfoxtaviendss] thatibe fallowitg sppandedeiaimsds Wapetei® nouse

812 and eakers _830. In general,, an i npyt/.0 t .1 i v. be any of:

vi deo di§$ﬂ5@§$2§ﬁﬁgkmﬁﬁﬂg ?dﬁ?@“?%R@§8§§Fﬂ¥¥%ﬁ$8W8% 8%§é%ﬁ§%%@ﬁg%ensi¥ive

diSp'ays1h%ﬁ€@§ﬂﬂ9§&i&ﬁggofﬁﬁgﬁféﬁjﬁﬁﬁﬁﬁhjC or paper tape readers,
styl'uses, or h ng

tabl et s, vol C writing recognizers, bionetrics readers, or
ot hegp computers. CPU 822 optionally may be coupled to anot her conputer or
t el econmuni cati ons network using network interface 840. Wth such a network
15 interface, it is contenplated that the CPU m ght receive information .
fromthe network, or mght output information to the netwark in the course
of performng the above- described nethod steps. Furthernore, method

enbodi rents of the present .invention nay execute solely upon CPU 822 or
‘may execute over a network such as the Internet in conjunction with a
renote CPU that shares a portion of the processing. 20 In addition,

enbodi ments of the present invention further relate to conputer storage
products with a conputer-readabl e nediumthat have conputer code thereon
for perforning various conputer-inplenented operations. .The nedi a and
conputer code may be those specially designed and constructed for the

pur poses of the present invention, or they nay be of the kind well known
and avail able to those having skill in 25 the conputer software arts.
Exanpl es of conputer-readable nedia include, but are not limted to:
magneti ¢ nedia such as hard di sks, floppy disks, and nagnetic tape; optical
medi a such as CD- ROVMs and hol ographi c.devi ces; magneto-optical media such
as -
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floptical disks; and hardware devices that are specially configured to
store and execute program code, such as application-specific integrated
circuits (ASICs), programmable 30 | ogic devices (PLDs) and ROM and RAM

devi ces. Exanpl es of conputer code include nmachine code, such as produced
by a conpiler, and files containing higher |evel code that are executed by
a conputer using an interpreter. Conputer readable nedia nay al so be
conputer code transmtted by a conp@ieslMsta signal enbodied in a 25 WO
2004/ 034445 PCT/ US2003/031712 carrier wave and representing a sequence of

i nstructi onsWhifdf clapeeddtecut abl e by a processor. Wiile this invention has

been descr i bed i ny LAtk Bf 9N Matedh 814 E i SIEROT BRI Smaliner & ar e

al terations, pernutations stitute“equi ents, 5 fall within
t he scope ofcondprisingnvention. It should al so be noted that there are many

alternative ways of inplenenting the nethods and a ratuses of the present
Cnvention, 1t 1s {PREPERGTUSTITESHAMRE OhENPONES B Ty BB S 20T ai s be

i nterpreted @gical §8&WAISHE 1 featiHCRitR RSN HIBA Bas ROt FhéRRSforBMg the
substitute equivalents as fall within® the true spirit and scope of the

present i nvameleelive cpatimsis acommpplishighaging 8 selpetiveshienisal vapopdenosiion. f or
etching a feat.ure in..a layer through anp i LSLhg..fagrmng a
ahlul?, ﬁo&mg Il.heeg(l‘B%Ctl\éF CSO&ng on ex%(%%%? Phluel’Pa(e%FC tﬁe G{\CB rﬁg&sg%@ gertlc .

pr ot ective c‘%a ose ces 1 nNg nmas verti cal

si dewal | s ofsidefallf efihd featwe] fut aopes the\battomrof glesfeniuxd; uné, wherein form ng
the protective coating is acconplished using a selective chem cal vapor

deposi tion, whi ¢thing e fanue Hrevghtthe giehingdnaskgvighreadtbsLehing MEHPEs of t he
et ch mask a%@nﬁéﬁ-ﬁ%% %tﬁ}%vaﬁ‘é %f%%%%h&ﬁicﬁl%dfﬁﬁﬁwoﬁe g?écé}]\(aﬁgﬁ cHélEithl? bot t om of

the feature; an ture through the ing mask wth reactive
et chi ng m xtwireesin thecatlangcongprises perviding A ien bémbgdohetdnesdy ofimeatdr | east one

passi vation chem.cal, wherein the efching.c ri ses providi an ion
bonbar dment %ﬁ?ﬁm@r‘@gf Egrt_rﬁ%ﬂ%?a%@@hl@l%&@fa o1 ?Sngfﬁg%?&bst rate,
wher ei n t he yiay&h thefeiiteis @tc_ﬁéd‘&hg ih BSingle WPEY Riring ihefol@atpthe 1s etched
only in the single layer during the formng the protective coating and
et chi ng t he pretagtivesoatiadndi atchimgthe deatitiegwheteinghe fasmiing e protective

coating and etching are performed in a sequentially alternating fashion at least four

times.

2. The method, as recited in claim 1, wherein the etching chemical contains a

polymer former and an etch enabler.

3. The method, as recited in any of claims 1 to 2, wherein the forming the
protective coating and etching are performed in a common plasma processing

chamber.
4, The method, as recited in any of claims 1 to 3, wherein the forming the
protective coating uses a non-directional deposition and the etching step uses a

directional etching.

5. The method, as recited in any of claims 1 to 4, wherein the forming the

protective coating is a non-etching or a negligibly etching deposition.
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coating and etching are perforned in a sequentially alternating fashion at
| east four tinmes. 2. The nethod, as recited in claim1, wherein the
etching chem cal contains a polymer fornmer and an etch enabler. 3. The
met hod, as recited in any of clains 1 to 2, wherein the formng the
protective coating and etching are perfornmed in a common pl asma processi ng
chanber. 4. The nethod, as recited in any of clains 1 to 3, wherein the
form ng the 6.protEgtmtBod; 08 dogd USRS of chdms dits SCivhebiml thelepashd dhon and t he
etching step uses a directional etching. 5. The nethod, as.recited in any
of clains 1 Rreteativegeating is selsated Siom sideashene ofchemiqal vapoE dapasiipnandg
non-etching:%ﬁwgwﬁggligibly et chi ng deposition. 27 6. The nethod, as
recited in any of Selains 1 to 5, wherein the formng the protective
coating is selected fromat |east one of chem cal vapor deposition and

sputtering. 7. The nmethod, as.recited dn.any of clainms 1 to. 6, erein the
ohehi ng mask' i s cheTRs B PR AT RS SRR o7 ShSrInBAE B sHERE & The

net hod, as reidr@sht nsRNY3 G & RIWP gdhetflioh, Wherein the protective coating
is formed preferentially on the exposed areas of the etching nmask and the

vertical sidewalls of the features. 9. The nethod, as recited in any of
clainms 1 to @8, rel hvatio ] Xt . ymeri zi ng
agent that 1% morBeapane s RERS b AT SHtRs 10 T h el ThE BRI AR PO 21 o
10. The et Hofhrmas prefatiittdlyl oh thoyxsised hrehd'df tBe tohig vk mad thedieftied | onal
energetic ionps are %gggﬁto preferentially prevent deposition from
accurul at i ngldsvalinef the dgatyisht al surfaces of the |ayer during the step of
the formation of protective coating by activating a renoval nechani sm of
the coating on selectively the surface of the layer. 11. The nethod, as
recited in &y ofThensithel, 3s tevitédin adyerf elanmp & $s Bywbdrem thapassivationgas i s a

as

hydr of | uorocarpon with F. C rati.o of |less.than 2:1. 12. Th t.hod,
eci ted 1 n SR eliesrpqbngriate Sens FRF s o cBagicodfactif o F Pdss, vat f on
chem cal i s ehanh®hatihgafdidls,. CH2F2, C2H5F, C2H4F2, C3H7F, C3H6F2, C2H3F,
CH4, C2H6, C2H4, C3H8, C2H2.

10.  The method, as recited in any of claims 8 to 9, wherein directional energetic

ions are used to preferentially prevent deposition from accumulating at the

horizontal surfaces of the layer during the stép of the formation of protective coating

by activating a removal mechanism of the coating on selectively the surface of the

layer.

11.  The method, as recited in any of claims 1 to 10, wherein passivation gas

mixture is a hydrofluorocarbon with F:C ratio of less than 2:1.

12. The method, as recited in any of claims 1 to 11, wherein at least one of the
passivation chemical is one of the CHsF, CHyF,, C;HsF, C;HyF,, CsH4F, CsHgF,,
G HaF, CHy, CoHg, C2Hy, C3Hy, CH.

13.  The method, as recited in any of claims 1 to 12, wherein the passivation gas

mixture is a mixture of Ar and CI;3F.

14.  The method, as recited in any of claims 1 to 13, wherein the ion energy
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13. The nmethod, as recited in any of clains 1 to 12, wherein the
passivation gas mxture is a mxture of Ar and CH3F. 14. The nethod, as
recited in any of clains 1 to 13, wherein the ion energy 28 provided in
the passivation step is greater than 100 electron volts. 15. The nethod, as
recited in any of clains 1 to 14, wherein at |east one of the etching
chemcals is C4F6. 16. The nethod as recited in any of clains 1 to 15,

wherein at |gasidedrethofpaishatiolbtep icgusveihas 108 edchat vélbe di scharge is one
of the 2MHz, 27MHz and 60MHz. 17. The nethod, as recited in any of clains
1 to 16, wherein the RF discharge frequencies consist of a conbination a

| ower frequepgy iT‘hérﬂ@thb?,%%ﬁieﬁi&%ﬁ%ﬁmsJllgcofl%\%eéﬁpat%h‘é{ (?%;Of@iﬁgher

frequency in the range o nh appar at us etching a
si ngl e | ayeretemugcheamcas <hCshask, wherein the single layer is supported by
a substrate, conprising: a plasma processing chanber, conprising: a chanber
wall formng a plasma processing chanber encl osure; a substrate support

for supporting a Bheaktihod s Wcit& i ffBlaghiiMto P5,OFRSSH ADlcaRt B BF thencl osur e;
a pressure regulator_ for regulating the pressure in the plasma processing

chanber enc| B feguengies pgegsior Higalisharge ivene gfghe PMbla ATMEIZreddOMEZt he pl asma
processi ng chanber enclosure for sustaining a plasma; a gas inlet for

provi ding gas into the plasna processi ng chanber enclosure; and a gas

outl et for elhausThengethad, dsrevitet! eap! afulEmpriacdsswhereththaBErdischagkosure; a

deposi tion S source; . an etchant_ gas soupce; a first contr alve in
frord connedrayRmge qissiit D i lobet FrBiepra e e Cb AL hanber

and the depol%liél\@ﬁz@ﬁ&aﬁ&lﬂér(}ﬂghe@fré &&@Fiﬁﬂﬁfré@e ofabNa1 i dwzgl connecti on
between the gas inlet of the “plas processi ng chanber and the etchant gas

source; 29 a controller controllably connected to the first control valve,
t he second
18.  An apparatus for etching a single layer under an etch mask, wherein the

single layer is supported by a substrate, comprising:
a plasma processing chamber, comprising:
a chamber wall forming a plasma processing chamber enclosure;
a substrate support for supporting 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 chamber
enclosure; and
a gas outlet for exhausting gas from the plasma processing chamber
enclosure;
a deposition gas source;
an etchant gas source;
a first control valve in fluid connection between the gas inlet of the plasma
processing chamber and the deposition gas source;
a second control valve in fluid connection between the gas inlet of the

plasma processing chamber and the etchant gas source;
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control valve, and the at |east one el ectrode, conprising: at |east one
processor; and conputer readable nmedia, conprising: conputer readable code
for opening the first control valve for at |east one deposition step to
provi de a deposition gas fromthe deposition gas source to the plasma
processi ng chanber encl osure; conputer readable code for closing the second
control valve for the at |east one deposition step to prevent etching gas

fromthe et chant Pamidlier eatrolladnt@mkerd egthe TestpbassEvapreptRseédid chamber
encl osur e; ut er readabl e, code for opening .the second control valve for

at | east oné’oé rehyahye. apdheraplegstope gleck %P@‘P?Pﬁﬂn%as fromthe etchant gas

source to the plasm aqq%g@(ﬁéﬁ&egg@ qr; conputer readable code energizing
the at | east one electr provide a bias of greater than 250 volts on

the substrate for the c@tnplummad@bienmmcmgpnsngp, and conputer readabl e
code for performng the at |eas s tion.st d at st one
etching step in an al ternatcioﬁﬁ’“#eé??ﬁ%ﬁlﬁl BPW%‘&‘[%;’%&&P“??W@E 8. The
apparatus, a [daSiCdric@ipbditis ﬁeﬁnolﬁov&waueﬁd e R ifnehe de?o@tﬁﬁﬁgééatl on gas
sour ce; and a third control valve in fluid connectlon bet ween the gas inlet

of the pl asrﬁaurf:pﬁ@&@s%asn@mm@gcmerﬁ@clpaggu vation gas source, wherein
the third control valve oﬁl%‘il 943(1?19' %ﬂ&é)fb?%f%tsﬁm% tﬁeosew:‘?d @91[91105 oL,

wherein the conputer readabﬁ reagabl e

code for opdbi thy adichitiond deprmtfanl stapatb \peeviet ett;llnﬁg @hs fr@asﬂhe adanegaﬁmag:est ep to
provi de pa55| vatiqQn g@s fromthe pa55| vation gas source to the plasma
processi ng dFoamgRiering P%ﬁ‘%ﬁ%ﬁ%ﬁ‘%% hangher gpelpfie; a | ayer under an etch

mask, wherein the layer is coﬁ%b;{%i‘%%ﬁl@go fo?oéé&ﬁﬁ%ﬁ%ts onQ%Ht"rblséa'ngé a

pl asma processing chamber, conprising: a c orm ng a plasm
processi ng dheathenst emitdsng sipp teaprouids tn atobing gas drom fheretehantaas sourge &
substrate wi_ t hi.n the plasma m&gocesm ng chamber enclosure; a pressure

regul at or f &P€ PRYHT BEOFRSME-EaMPTssure in the plasm

computer readable code energizing the at least one electrode
to provide a bias of greater than 250 volts on the substrate for the at least one etching
step; and

computer readable code for performing the at least one
deposition step and at least one etching step in an alternating fashion for a plurality

of times.

19. The apparatus, as recited in claim 18, further comprising:

a passivation gas source; and

a third control valve in fluid connection between the gas inlet of the plasma
processing chamber and the passivation gas source, wherein the third control valve
is controllably connected to the controller,

wherein the computer readable media further comprises computer readable
code for opening a third control valve for the at least one etching step to provide

passivation gas from the passivation gas source to the plasma processing chamber.

20.  An apparatus for etching a layer under an etch mask, wherein the layer is
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processi ng chanber enclosure; at |east one electrode for providing power to
the plasna processing chanber enclosure for sustaining a plasnma; a gas
inlet for providing gas into the plasma processing chanber enclosure; and
a gas outlet for exhausting gas fromthe plasnma processi ng chanber

encl osure; a deposition gas source; an etchant gas source; a first control
valve in fluid connection between the gas inlet of the plasnma processing

chanber and dupportiei9si dubstrutg@asmpeiihge;, a second control valve in fluid
connection between the gas inlet of the plasma processing chanber and the
etchant gas sour GPlANERIALGSSINE Sparpbsfs FUNPIEING connected to the first

control valve, the secoidmbeORiii %m%%ﬁ‘éaﬁggr&%@tﬁgﬁﬁf erffRuft ect rode,

conprising: at |east one processor; ter rea medi a,

conpri sing: conputer ramtbistitesupds thosupppring agubdtatd witkin thoplkisoé val ve for
at | east one deeposi tion step to provide a deposition gas fromthe

deposi tion gRECCsEpyFham eBe?cﬁ%suﬁef’asna processi ng chamber encl osure; conputer

readabl e code for cl Osdﬁ}%sﬁféQe%ﬂﬁt@ﬁfer@%'lﬂitﬁigtH@bM@suréfﬂrthéBfﬁsﬁfh | east one
deposition step to prevent etching gas fromthe etchant gas source from

enteri ng t hePrpfessingchanges sadlomitshanber encl osure; conputer readabl e code
f i th tral . I t
or opening the secong, fe?ig‘c orntQ ele‘éﬁ*t)?éfg)ﬁﬁﬁ’%vgisﬂl% hgxﬁéxrto?l?eeplg%ﬁeiggfbggs%%p 0

provi de an etching gas fromthe é urce to
processi ng chamibearencheate 3dr sugminites plaemdabl e code for perform ng the at

e TP L B LS RPASB B | 0
20, wherein hhgagbchant gas source conprises an etching gas component
source and a polyner fornmer gas conponent. 22. The nethod, as recited in
any of claim 1l to 17, agaepueilet forexhhustimg gas froml the plaswia pioesdizgyerambgher ei n
t he featureekaogh%ped only in the single layer during the form ng
a deposition gas source;
an etchant gas source;
a first control valve in fluid connection between the gas inlet of the plasma
processing chamber and the deposition gas source;
a second control valve in fluid connection between the gas inlet of the
plasma processing chamber and the etchant gas source;
a controller controllably connected to the first control valve, the second
control valve, and the at least one electrode, comprising:
at least one processor; and
computer readable media, comprising:
computer readable code for opening the first control valve for
at least one deposition step to provide a deposition gas from the deposition gas
source to the plasma processing chamber enclosure;
computer readable code for closing the second control valve
for the at least one deposition step to prevent etching gas from the etchant gas source
from entering the plasma processing chamber enclosure;
computer readable code for opening the second control valve

for at least one etching step to provide an etching gas from the etchant gas source to

the plasma processing chamber; and
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the protective coating and etching the feature. 23. The nethod, as recited
inany of clains 1 to 17 and 22, wherein the formng the protective
coating provides no protective coating on a bottomof the feature. 24. The
met hod, as recited in any of clains 1 to 17 and 22 to 23, wherein the etch
mask is a photoresist mask, and wherein the form ng a protective coating
forms a protective coating that is nore etch resistant than the etch nmask
25. The nethod, as recited dommiaireadaile coalbefor iperfbimeing dievt hgast die prot ecti ve
coating for a protectiyve coating of anorphous carbon. .26, The nethod, as
recited in cleRpsiionsteard & lrast pre siehing sigP ithan YicpatngifgbionBaarhgali%r ms a
protective cgalipdg of pol yanorphous silicon. 27. The nethod, as recited in
claim 24, wherein the formng the protective coating forms a pseudo

har dmask and wherein the formng the protective coating provides no
protective coating on a bottomof the feature. 28. The nethod, for etching
a feature in a layer, as recited in any of clains 1 to 17 and 22 to 27,
further conl.si rittie dppartusPasvicéised in claive 20q whicreip tiwtchanpgdskowet chi ng nask,
wherein the etching mask is a trench patterned nas% over the |ayer,

wher ei n t he QOBHFIFEAT dehyng gasgampononizgurce aad ApplYET former gas qo8PanRtany of
clains 1 to 17 and 22 to 28, wherein the formng the protective sidewalls
uses a gas mixt urgeGRGhSd,dk AekiRl i SRS B 10 2 whefdiPfhe 1578 Eon 3, CAF6,
CAF8 as the polyner forner and at | éast one of CF4, C2F6,” and NF3 as the
et chi ng gas.sigde laYére wiettefrote featune dcételead dnly irthe singlel layerduring the fornging 22 to
29, wherein the formng the.protective sidewalls uses a m xture contai ning
ora and . Gepropel L keRing B BEIMINR ST 30, “Wherain the OFd to HD
gas flowratiois in the range of 0.6:1 to 1.4:1 by volune flow rate. 32.
The met hod, 23s r efictresthod) a8 Rycited ircardd df®lalms ¢ td 17 and 22 Avliedeid the fip@igi n t he
etch layer is a lowk dielectric material. 33. The nethgg, %% recited in
cl ai m 28, ¢ BiOKCH K CQAER PRYY e REQIEEH ¥ GoRtipg 2 bpRemot the fsgfutfask is a
trench plasma etching through the trench patterned mask and wherein the
via hol es arg notyifishdiRel, Wk tdditdd isdyl Irickiimb 1%b 1Y 8hd 7B4EI3 alheRih ®e tO the
start of the trench plasma etching process. 34. The nethod, as recited in
cl ai m 28, whetshanssktihe photohisisg nable ahd aithgrean thigrfoungihg a protective coating forms

a protective coating that is more etch resistant than the etch mask.

25.  The method, as recited in claim 24, wherein the forming the protective

coating forms a protective coating of amorphous carbon.

26.  The method, as recited in claim 24, wherein the forming the protective

coating forms a protective coating of polyamorphous silicon.

27.  The method, as recited in claim 24, wherein the forming the protective
coating forms a pseudo hardmask and wherein the forming the protective coating

provides no protective coating on a bottom of the feature.

28.  The method, for etching a feature in a layer, as recited in any of claims 1 to
17 and 22 to 27, further comprising:

forming vias in the layer;

providing the etching mask, wherein the etching mask is a trench patterned

mask over the layer, wherein the feature is a trench.
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the etching mask is a trench plasma etching through the trench patterned
mask and wherein the via holes are filled with a filler naterial to no
nore than 50% of the via hole height prior to the start of .the trench
pl asma etching process. 33

29.  The method, as recited in any of claims 1 to 17 and 22 to 28, wherein the
forming the protective sidewalls uses a gas mixture containing at least one of Hy,
CHsF, CH,F,, CHF3, C4Fg, C4F3 as the polymer former and at least one of CF,,
CyFs, and NF; as the etching gas.

30. The method, as recited in any of claims 1 to 17 and 22 to 29, wherein the

forming the protective sidewalls uses a mixture containing CF4 and Hy.

31.  The method as recited in claim 30, wherein the CF4 to H2 gas flow ratio is in

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

32.  The method, as recited in any of claims 1 to 17 and 22 to 31, wherein the

etch layer is a low-k dielectric material.

33.  The method, as recited in claim 28, wherein the etching the feature through
the etching mask is a trench plasma etching through the trench patterned mask and
wherein the via holes are not filled with a sacrificial filler material prior to the start

of the trench plasma etching process.

34. The method, as recited in claim 28, wherein the etching the feature through
the etching mask is a trench plasma etching through the trench patterned mask and
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.
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