-~ A METHOD FOR PLASMA ETCH NG PERFORMANCE ENHANCEMENT BACKGROUND OF THE
| NVENTION 51. Field of the Invention The invention relates to a nmethod of
obtaining a structure on a sem conductor wafer by etching through
structures defined by an etch mask using a plasma. 2. Description of the

“related art e ey alﬁf’l&i’: a plasma etcher
is usually useditm}g,gﬁr ans@éllrpzia‘%§m?oresm(t; NEs Bg‘té‘t ernFl nto a circuit

and line pattern of a desired ERANCEM®BNY/ or fil mstack (conductors or
dielectric insulators) on a Si wafer. This is achieved by etching away the
films (and fil nmstacks) under neath t he phot oresist materials in the opened
areas of the mask pattegn ( A ‘ initiated by the

chem cally active species—e e ctYarged particles (ions)
generated by eycnélagf@galme@@bﬁl c di schar ge in a reactant m xture 15
contained in a vacuum encl osure also referred to as a reactor chanber.
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the direction of Jh&idRR Jrid REkQYHt i N a manner referred to as ani sotropic
etching. At the finish of the etching sequence, the nasking materials are
renoved by st rIinpspnmrgmdtlctawaly&nQ@tbbagmp@mahomst,spﬂﬂsm@tcﬁepia waaldf usedeo | at er al
pattern of the o i nal ended . mask. hi. ng nethod i
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gener at estha fibon{aadt{ileiacks) 12demeatk ﬂmctémtcaaﬂilstd@amgés it the opbizdaressicSttheli®dsk as
shown in FIG 1B. The photaresist.is th enve d IeaV|n 95t a
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t he mask r rRged t he
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phot or esi 't patterns. For this purpose, it has been propose
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as can be .chosen such a wa its sence sel ectivel.y reduces the
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eiching mcthod 15 111ustrated in FIG.’S 1A-C. In this method, a plasma etching process is used

to transfer directly the photoresist mask pattern 104 into that of the underlying oxide dielectric
thin {ilm 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 paftern transfer.
Consequently, some of the damage and erosion also may be transferred to the underlying
layers leaving such undesirable pattern distortions such as striation, CI enlargement, etc.
The objective of the etching methodology, therefore, includes reducing the photoresist
30  mask erosion {o enhance the fidelity of the pattern transfer from the photoresist mask patterns.
For this purpose, it has been proposed to include a passivation gas in the reactive etching
mixture. This passivation gas can be chosen in such a way that its presence selectively
reduces the etching damage and erosion of the masking materials relative to the removal rate

of the thin film materials to be etched. The passivation gas can be chosen in such a way that,
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an etching retardation coating is generated on the surface of the masking
materials acting as a barrier to slow down the etching reaction. By design,
t he passivation gas is chosen in a way that it additionally beneficially
forms an etching retardation coating on vertical surfaces of the film
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conditions for different aspects of the etching requirenent usuall'y do not

coi nci de eéﬁaan?ﬁtwﬁ@o f1Hakigg dederidnendofiching apiAP iRy, pr epywidties voth thaam
precursorbcgl%@‘f;mgiﬁy be |l ost due to inter-reactions. The etching condition
optim zation al nost al ways involve conplex trade-offs 30into a single

et chtthg condi tl elso hhaslremdy beai plogoiddehapld rodoti w18 cSithinsiBherab iR
chem stries be separate. A variant of the etching nethodol ogy is
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each 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 optiimm
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 condition that may not be the optimum should the different etching
chenistries be separate.

A variant of the etching methodology is taught in U.S. Patent 5,501,893, issued March
26, 1996 to Lacrmer et al., entitled “Method of Anisotropically Etching Silicon”. This method

separates out the etching gases and polymer former gases into two different steps, each
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~consisting purely of one type of chem cals but not the other. This allows
for fast etching rate at | ow ion bonbardnent energies, since at |owion
bonbar dnent energi es, high selectivities to nasking nmaterials can be
achieved for certain spontaneous etching reactions if the activation energy

“is slightlLy_l ower r e r Lon.at the rf . the et.chin terials
than the. EMEERIRGuRat of 0% SBOELSRRNB by Soht® BR Ehisi S o s e
et chi ng PeOBRSISn bembhiendit BRdrgiddRthee kIR Wb R BbAGaRERSE Efer kel It N QELBH Alds 1y

be isotropic during the duration when the etching is proceeding, since

there i s nwskisgardataloeen pyeshieved for eontnn spdnancatestelling redolions if themctivation

occurring. Additi.opal i t hout t-he passiyatipn .inh the etchi
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obt ai n hi imddpedthingpicsestwudd vee@ssarily versytrgnairing fenbiradonstliachecehingf or
exanple. .  Additional proposed nethods includ stacked maski ng schene
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phot gresi st mask 212 ig, used to pattern the hardmask | ayer 208 to create a
pat t éPnedShERGHaleny siplineRpRlicHiogs cHEPHNEE Bpadigh 1onfpapbadmentepensy o ehgied,
as shown {nuE TouN i he, ﬂﬁ'de | ayer 204,
usi ng thell%gta%gcﬁﬁohﬁgﬁsaﬁﬁgﬁp %ﬁﬁlggﬁgﬁ%a?@%ﬂg%ﬁgtom |%i FIG 2E. The
hardmask i s t hadditenelsdpoedmaigpdsheclodind statked htaskimgtseheR®axingeolager 204,
as shown in FIG  2F. . The advant ages, of .this_ nethod are that, b}[{

havi ng a A7l PicRING reristanael the Baslmg BRtergls e dlushataddn FiG(€i24chi 1% and
i nes) toy u Ly i b j '
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The dfsadwart fyes Aphbhisistridbdl Aisplhidediovebihe hatdhadh Giveg 208WsRhOQR $SFRE EPS
and new togl . sets into 25the ?g,rocess flow, it is of higher cost and | ower

overal | throd§hpiRioresist Badk £1oH, usehio WF@%E‘B@@%@%@%Q@& fa gregfe @gatterned
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dielectric contact etch applications I's not as easli Stri as 't
phot or esi sdntamskle 216 is etched mdile tkidn l4yer 2ognsingrhapdtteondd hat@red 1a@h 11ass aor

damage t he mask patt.erEl i%o the etch layer, the lateral CD of a | ateral
pattern alPeadfShRrEdRALC; fEt hae Budmaslgypdhenvmgpored baymedhe somactIdfriader ved

i n mapy eﬁﬁﬁm CRR Leatdwang, gy bpg the process of etching the etch layer.

These etc ayer pafterns are usually not protected by the etching mask
materi al s. A dibcubshtgeods thiviscthbdss: thit, by hhimmga appt et hohaadkstignwelich
usi ng theoﬁﬁa%g}él e of a formation of a_dual damascene structure by plasm

etching. ! I PRSI Rt RRest ioslbe sRdering g fhe gfcl peydamgses Isdnugh
view of a,3hack a%Q%eol%gairméﬁron%g S*é%ﬁ%c%‘ﬁ p}hﬁﬁgﬂg}%gﬁpgl?{{??fég R 0GR e

the prior art. A contact 904 may yer over a
waf er 910dis#ivathperofltay enctBdParewhit chy imaydbdnofies placeenstapd dnddewotoob bdts HEH
carbi de, may be th'l aced, over the contact 904 to prevent the_ 5copper

di f f 4%i orthe RIQrEss Jaedl sQf|highish costiand Iy @ cverall throughst. g gddiignidee prisg ed

over the process complexity also introduces difficulties by itself. For example, the Si hardmask used
for dielectric contact etch applications is not as easily stripped as the photoresist mask.
In addition to transfer without lateral CD loss or damage the mask pattern into the efch
tayer, the lateral CD of a lateral pattern already present in the etch layer may also need to be
30 preserved in many etching applications during the process of etching the etch layer. These
etch layer patterns are usually not protected by the etching mask materials. A discussion of
this class of etching applications is given using the example of a formation of a dual

damascene siructure by plasma etching.



barrier layer 912. A trench stop layer 920 (silicon carbide or silicon
nitride) nmay be placed over via level dielectric 916. A trench | evel
silicon oxide dielectric |ayer 924 may be placed over the trench stop |ayer
920. An antireflective layer (ARL) 928 may be placed over the trench

di el ectric | ay€o f@2dtateAli patdion, F8a. 9£33 strobayetiofdYigrapl betadlopl@oeed over the
ARL 928. The ARL 928 may_ be fornmed fromsilicon nitride, SiQN, or other
material WAL H?eéHnrﬂé‘? dusd fipescrprgRecseh L fiegihostt Aokt Qyeay beent .

FIG 10 i a@edmlgg%él_@é’tﬁk I{gep% @g.féta orer 10 %mey@%@, g{ﬁg%gﬁggge grL Lo

formthe stack into dua mascene structure y be
subj ect edsiticoraritriieadr, siliden chrbéde; has ba plicad 044 thovsntha 0l eo basvehtahe | ayer 912
(step 1004). The etching of the 15via 940 may form a crust 944, which forns
si dewdl | scoppriediffupion. duwadens! pilisprsexidgdickgliidiayerdthovasy nplasulynegthent | y
repatte LEh W sl st i ATl i tern to . farma trench
(step 100 r%%g%y%ﬁgéhj}ﬁgl%%f&g%g&fﬁgquact&gggggggﬂﬁg?8%%%@I?%ﬂ§% etch

whi ch et chiggedavier efadbydadkictlones 16 A endhnéel sRidbAabriderddedielser s1op | ayer
920 (step 1012), as shown in FIG 9D. The etching of the trench 964 may

20cause paey bpplagerbovarahg wensh sindress 92 ¢ Ancapiireflrre ve lnyen@dR LIRS mahi s

faceting ymy,_be considered .a a e the .dual , dad ce structure. The
inter nedi%fi}gla?e(r%eoryghalee& Cgt%%eclglé%?er;%g‘ rﬁa@atgeé“??sféa‘gfﬁy?%&&% eti ng. The
et chig ofjatdaervier BRUARDGAS MaYe ARIOITORAY Be REMAIHTH sBR8n nWHEE SO 6B
sidewal | s. The resist layer 160 and crust may then be stripped (step 1016).

The st ackotb@omatayak Wil a bechsrebpeltieandexond gl extactionyeetfisteoh 25(step 1020),

whi ch opens t i,a.940. t he, copper contact 904 o provjde.th
Structure shov foa &ridseld ot ARR pfAEh ARL yr AT RR L ETeBBE ed over
t he coppefta&avodsio { &ifRah<bhe sREasBOWMe kfackblh nﬁiﬁ-be@ucﬁj}é%ﬁﬁo aeedn/ ayer
976 may then be used to coat the interior of the via and trench.

El ect r opl ebichgichaya b Uatpvtpiofthe barripelayerdidH stend 00 Tha diclioppiihed78,

whi ch, i i shed to. the trench di ic,l 924. T 978
may b3 usBa AT B AR B e tiraane) Dus PHLorlRE erigeges o
repeat ed GELBE feth v laht @h&ehmhs-eﬁtteﬁfeawh £0BReEdis 1ane odoskgek id ¢ | ayers.

Al though the internediate trench etch stop |ayer may be used to reduce
f acet i ng,patiemed dd fymantrenthclsiend 008k at sitcormediibt. G rdrecitacktody 't op | ayer

Coats. o stoecten aRy ST itied p TRt B4 ifivh S HEARGRuPLRBIRES Srby o Whion
have typig&a) layed@@r sfeprivesh, bt oDyl ini1on ot oficdfehish ORihettRnbno6d Ala

conductive lTines on various |ayers of a sem conducfor structure.
seni 20ndusuier past oitthe vé lowdchaleftas tayer Adtonfoee S7@ndddt facepermay by

f ies i d the di bet he conduct | i i t hi
Sthe. seniCORHGGF GRIRC HeerHTLar o ST dUR iR Rl Kb aiovel of
coupl i Ng APRGEIBINGRAF Be LY 16 rEdiidk Facehid ChdaRhiBS (haNbRGO@ImS) A¥ ng the

operation of the sem conductor device. Therefore, it has becone i nportant
to use difelremeivocrisipdlswhivhtfomnesideypabl Fhofeset layet 1 0@ kyd ¢mstuhay fhey

conduct e s agalDh SR BoELTN UL NG CaPSRLanRe exel s 101
25 {(step 1020), which opens the via 940 to the copper contact 904, to provide the
structure shown in FIG. 9E. A metal barnier layer 974 may be deposited over the
copper contact (step 1024), as shown in FIG. SF. 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 is repeated creating multiple levels of copper connects and dielectric layers.
Although the mtermediate 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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> proportional to the dielectric constant, k, of the material used to form
the dielectric |layers. As noted above, the dielectric layers in
conventional integrated circuits have traditionally been formed of Si02,

_ Which has a dielectric constant of about 4.0. As a consequence of the

i ncreasing |ing densht inkgprasdcieRas atd Adetirie MRRS wasch Hivd beedligoaguct or
devices, dielectric layers fornmed of Si02 may not effectively insulate the
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capaci t ance. In an effort to reduce t.he coupld capacitance levels in
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devel op %g&.%ﬁ L 2% 18Yi QG0 &re 200 8 HRE Stk e BOSIBN Ihd QWRhictiBaRed Bahirof Si 02,
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i nt egr at etk EnricudistorAcrigailecrcat. Fhmisidvgenat mcicabsl lewhiof howplimgsonet i nes
referred to as "lowk materials," haye been devel oped. In the specification
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conposes agdcaphbldto (BRI Fdly arsiihang opeldeiivet IneSia@@inst such incAnempenuplintger est i ng
class of lowk materials is conpounds including organosilicate glass, or
OSG. By Wélglﬂcﬁﬁ“‘éfxlﬁﬁﬁlﬁe, but not limtation, such organosilicate dielectrics
i ncl yde CORALTM._f ‘ : LEQERL A 1. 30BLipck Di anonctr”
fromHjjAppI i ed ;\F%M g??rg}g@%%!dggﬁ% gipéﬁg‘ir?lggﬂé%} 1|ng%t[gir{:i (g; HAlgtrlcs)r aTt avai | abl e from
ASM | nt eppgidranadl (Nihé dielttieic Nehdtat) land die SatatiklaisEd knfoamahé dieleetrfr om

Sum tonmp Chemi cal Anerica, Inc., Santa d ara, .Californi ﬁ‘ . and HOSPTM from
Allied Silgisss Asmatest shasteoths difesigbyesin corganes! iiestied §irels yterial s
have car hon..an i M) b 14 di x| de

ot co MaRnDRI6PRER-ALERR, ARRLAGE R URHdE, Colihy 81 HGPRACIALIE of the
mat eri al .cofsedui@hRCi1the iedsingtine Hersitsesand fopbmsing Sretiygicalihy < 3. 0. To

facilitate discussion, FIG 11A is a_ cross-sectional vjiew of part of a
waf ef5 i n semicoprueiae feGresofickchiclasetamsd pletQuaanpetfdiFetive!y ieHfe st op

| ayer anglllfga%n c@}zé Hﬁésktiig%git&ﬁtr&gﬁ%?% %9@%?8&@&&%@60%g?§%£h%&d ina

| ow k di ctric layer over A secC ontact 1106 nmay
al so be iigvdidie lowk dielectric layer 1108. A dielectric barrier |ayer
1112, typically, but not limted to, silicon nitride or silicon carbide,
may be pl aced IBwareliorglogehicgdhe wpphng gansF RASH o Sharieaiaad [icgHs: 1A | ow k
dielectrig | _ ) ' 1 1112, An

anti 1 of | Gom e R B e Rlon (P e et PR 2 Cl et i
| ayerp 1120kledvipabhanmddweedias that afy/$i0, 1Bz hmeyteilids pteandebloVerust e ARL 1128.

The patterned resist layer 1132 is patterned to provide a.via 1140, which
i s et chedomwing thadiclesiiidlagre Prtagraed gyaiits] Popumps LI pEIPSng Yteral8132 i s
renoved d.a_ se asl, St ‘ 3 [ % he ARL
1598, as USROS ThRRRg R AR T R R e bEard BB R Bk 1E AN
provi de apédigemivnldddlainii Biv-k snagdrtiftegre idefined dvambievialk wdibed éietectrc | ayer

1120. 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 Jose, California;

30 Black Diamond™ from Applied Materials of Santa Clara, California; Aurora™
available from ASM International N.V., The Netherlands; Sumika Film ® available
from Sumitomo Chemical America, Inc., Sania Clara, California, and HOSP™ from

Allied Signal of Morristown, New Jersey. Organosilicate glass materials have carbon

and hydrogen atoms incorporated into the silicon dioxide lattice which lowers the
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Because of the absence of the internediate trench etch stop layer and the
use of a lowk dielectric, faceting 1172 in this exanple may be increased.
Such faceting may cause the copper, which would be used to fill in the via
and trench, to be too close to the second contact 1106. This nmay al so
i ncrease 4981t Hersmentherdielprriperstn of the hatartii & dielectricTonstaifbi t at e

under st an 2R i cross-sectional view of part of a wafer in the
producti 0%10211%1%18&&9% @H&ﬁructure wi thout a trench stop |ayer and using a

| ow-k di el ect rire.fadlifatd Sitc@6iBE, 396, 1204 @aéssaséc%ﬁmn&pe?gﬁ% fig%fem?ﬂ be
placed in a lowk dielectric layer 1208 over a wafer A dielectric

barri er | agerodiziion Oﬁsﬁymamm struchure \mfdmuﬂammcﬁadstmmlaseﬂ dndamingia ibivdle or
silic ced ov [ nd .second. contacts 1204,
1506 S0 RETEE: vhetuaHia0d SRR T [l drareSort £ (et A 1095 ay be
pl aced ovpnot he sbaii Bhtak 8 | 4 44, vias may be
etched into t heS 0\}1\/- Kk dlae e?’[ﬁr I%)yirlh%ez%zv gdgég?%tg%%ﬁlﬁf I"'ective

coati ng (®AROyic myeer 1328 1R ytyiealgpnt 1ov Emitekdao) dieda direleeg kilicen| ayer 1220.

Such a 30s on BARC tepds to at least partially fil] the vias 1240, 1244
and for m‘"s?iptﬁﬁ {75 %HH‘CE)(F%% thepopfast {10440 nesrat %PHPS‘?T diffiisione A lvak are

filled w &1@16 a§f€9 1@2@'}1@3/@{ p%g@ﬂ Bvﬁhﬂ@b%ﬁ?%&ﬂ ?ﬁzg'gg? Lﬂtlréf? %’tl e layer rTDr € "

spr ead apart vias may I gher "t re cli pac Vi“as.
result®, i¢AREY] IS iy bé plabdd der havewtihdektar thydriiadot @ Iﬁatﬂéﬂieﬁ Qésﬁ@thEI g ht -
FIl G 128 ?{3\} ross-sectional view . of part of the wafer after trenches

1248, 125123’ 2 pasrbsplasrdpverrtne Ailed Bite el patisraeditasistaysyil 482 i eat es
fences 129%werrkA0 pAac b 0iAdbLi Al i AGRYIH n%;ggcg» ggcmghe FIPART O

faceting ‘and the |ze 0 ences are dep t he
BARC. TheTlef esiet lapanti3aiif fnnm‘zBARﬁ‘d 5baioglfnlpanayie@ 24§ 1 yeN1 L0V ik piamstfl aceting
and fences. The fences ma a_stress |l ocation, which nay cause

el ect r o- RVGF Hisi BRL WP s HW“é‘E R 11 | Wheesecomghiesist kepgr Hlﬁﬂllfh])féﬂﬁm%
reli goi 1y flial DeehEP Yl 44 MAGTLEROMHES B 1051 a%fect.+ %Ol'lg Pl ug

filling and stripping costs and. co t he process

flow. In addi tIBmusesmli:thepb&eg&: ofie trauﬁﬁ:dtht@treﬁd}rebt@h ﬁ@gs@&tﬁtﬁi he udpepm ng
10di el ectrjc lgg z Wthout plug fillings it may be difficult to

prevent a&n@% ,| ?F%Dg oft 74 ivethissampls say Be srsdiseh Byc lrfé‘éﬁﬁﬁlﬁms%s such
as facet 'cﬁgse tﬂ? p\?’ﬁﬁll%ciutl&]béuéweﬂ\fg ?ilill i 2&1(& glfata?ld%reﬁ&g qg bg B esrel % et hod

for etching a relna er or a st ayers’to ahlgh

fidelity thepicbﬁdcmﬁtaet lll%emhlis pay dles hcfareaad diisheﬁsﬂii&ktlﬁg)oﬁaﬁﬁiﬂtﬁé with
si mul t anequsly high etching ani sotropy and high selectivity to the nasking
mat et al ¥'hs wel|l as to the stop layers. 15Additionally, this invention

eeans 1o Prad iR @A GaREIE 1 24 i SRR AidiAl SLR Bl 2 (oY

pr esent in the etc ayer 'S not covere glk and not

pr ot ect edvader inniseipfodacest biya dunisegicetdubyir@wsttend £ iréichl stdy lab@Taniaispl al |
wi thout unduly | ateral CD | oss and damage to the etch layer |ateral
patt er ns 2 oy 1A Tt CONREINROARNd 2 seconrlocaitant 49@6 Mk be plasgdimg and in

2 Feat ar &y GOLOE IHAIRE o0 o URETE8F A ANGRE biIen BT ot ect Fve
| ayexs i s t)fmdfarlﬁ@rdbmcﬁ)lmsaﬂdo Sufcﬁﬂﬁﬂﬁd@fyr éxh@oxﬁ&zﬁbid@&nﬁ?%g pRIEd 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 nto the low-k dielectric layer 1220. A bottom antireflective
coating (BARC) layer 1228 may be spun over the low-k dielectric layer 1220. Such a
30 - spunon BARC tends to at least partially fill the vias 1240, 1244 and form sidewalls
and plugs m the vias. Generally, thinner vias are filled with BARC to a higher depth
than wider vias are filled. Also, more spread apart vias may be filled higher than more
closely packed vias. As aresult, it may be difficult to have the vias filled to a unjform

height.
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.vertical sidewalls of the feature with a passivation gas m xture. The
feature is etched 25through the etching mask with reactive etching m xtures
containing at | east one etching chem cal and at | east one passivation

~ chemi cal . I n anot her enbodi nent of the invention, an apparatus for
etching a |ayqﬁ‘IGJrl@gxs%rbl@s%%gb%ﬁﬂkme%%ﬁtBf‘@e'@@raﬂeﬁuéﬁ%@@m&ﬁ by a
substrate, is provid A pl asma processi ng chanber conprising a chanber

wal | for rﬂa&ﬁ@ havpba@mcmbdﬁwwmnmrﬁaﬁCmémmmmes Eneasd6 at20suppor t
for suppor i ng substr thin t I asrra ocess cha r encl osure,

a pressurddy L Sf’l“i? ﬂgégﬁ% %?(?dh 'P'f%ﬁi Sy Et”?ma“‘{dhtg ﬁli‘lﬁggrﬁ processi ng
chamber epglasw @ep&ﬁeﬂt%%he Hé?@u%'fﬁ?et}ﬁ@ﬁ@ f’lﬁHere%x%VhQr& ReifAYBAR© the plasma
processing chanber enclosure for sustaining a pl asma, a gas Inlet for

pr ovi @i nchegds niayt crush eoplsisore ﬁac@nxgwdm@xcemaﬁh@fenmhm;sbﬂ astrand a gas

out| et for exhau t| fromthe plasm p ssin chanb r enclosure is
provi ded.loplp8pHS; %11%ﬁ39§%}]§e§]69}%8“@ﬁg%ﬁ’0é¥ §mt %é@gg%W@é“afP%Y provi ded. A

first coniifliskHenerbiily df I%mﬂﬁggélﬁ@om&v&%@vﬁc@@ gas inlet of the plasm
processing ¢ er an epositron gas source and a second control valve
influid connectl onhbﬁidzmr\ptulgé’llga@andﬂteppmg atldveadditasabc Gy adessipigrighanber

and the etchant gas squrce . are prqovided. A caontroller. controllably

connect edh¢ Brackes ﬁ?wstln é«éﬂﬁl%ﬁucx}wh;%s MpKEAUSE B ISHPIAOPRIFYNNG B WRSOMERE t he at
| bl
el Oney B8R ARAeRO MR8 Il B3 maNE BRCSERO AN AOTRIMEL y EATRD) ©

code for \ﬁ@ﬁme@gub Iaee;folszroau)ycm@a@hmﬁbms/ahmasfmetaig I'Lémmrme oﬂﬂﬁ@mvbmﬁxm step
to provide a deposition gas fromthe 10deposition gas source to the plasm
processi rigorida pigspeRnBIedOd et%ﬁ@mf@mrﬁéaam@%% ack ot laygro tq epjarrrduglecond
control v, , gas
fromthe @e\éﬁ?ﬁ/ {?gﬁlﬁéag?a ?a{tjerljg rom en%j }93 h{asﬁlﬂgﬁﬁ%n%%ﬁg{)sgélgg%%%hg&ahﬁ%er

encl osur estctipgmuisetropeaddipiesdtateity o thopeaking hiterisieaondiiaont thelstapayas.f or
at | east one etching step.to provide an etching gas fromthe etching gas

sour t® t AAdditonallys Hﬁs nyspdRIEgiands tooprawise @, 2eaeic PsHediiar ctelung aditeral paiem

ener gi zi I I 250
vorts on raiEpded G Te ADPLGTELIPHE G PoRERY EP PR sk anfh6R) Slocl
enbodi menhsidficichay presaat by avenitico filler mettiol w‘lmbutf mdnlyngtcﬁaldvﬁlioﬁaﬁas cene
feature is provided. Vias are fornmed in an etch layer. A trench patterned
mask is plevisasel thaieh aper laicEhPRESFBY.. A trench is etched, where the etching
the trench 20conprises a cycle of form ng protective sidewalls over the
sidewal I s of the vias and etching a trench through the trench patterned
mask2( The mask is then st3URDEARY OF THE INVENTION

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 ctching 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 etclung a layer under
an etch maslk, where the layer is supported by a substratfe, is provided. A plasma
processing chamber comprising a chamber wall forming a plasma processing chamber

30 enclosure, a substrate support for supporting a substrate within the plasma processing
chamber 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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I n anot her mani festation of the invention an n apparatus for etching a

| ayer under an etch mask, wherein the layer is supported by a substrate is
provided. A plasna processing chanber is provided. The plasna processing
chanber conprises a 25chanber wall formng a plasma processing chanber

encl osur elfoR 18 BlsMREoHIRD eltanthsy C%Ql@%blm sipigyvided ubdepasitongas kpwrce he pl asma
processin e r S e Le ator f ul ati ng the
pressure iﬂ]r?c tﬁ %PE&QT%O%?%C%% Iior‘{gi’egh ﬁr& salr ﬁ’léffi g%escflo’éne el ectrode
for provi lﬁhtﬂgezpﬁt&%’as ﬁtﬂettdehd);M@iﬁﬂ@ !}@'@%ﬁﬁ’&ﬁ]@ﬁb&%@qﬁé d@fﬁgﬂtl%ﬁ Waesdiftke
sustaining a plasm, a gas inlet for provi ding gas into the asnma

processi n@d@ﬁﬁaﬁ%éﬁﬂt@ﬂié’ﬂbém Suidapetnectigadcovachdhe garinlekdias piamgagas from
the pias r. enclosure. A deposition source and an
etchaént 5@0%3 331%8 HB ﬁéﬁa’ﬁ&a? TPLEC LBAE Vb edy 4} ¢rato i‘e’f ¢PreTolRply

connect i %lﬂeétwaﬁtﬂehﬁst%ﬁnbm}a%ﬁe gfe stehﬁadpéo%%’ﬁvé?{}@%ﬁ?%le%gle%%ﬁ%er and the
deposition gas source. A second control valve is in connecti on

bet ween tdectgpsle compeisingfat idaet quic psomesgr ené sempyfectraddbés madie i p@veteghant gas
sour ce. AEI(]:ontro | er (:L@» controll ahly connected to the first caontrol valve,
the secont CONPFEF \ATaPE MEdA cpmBris qogﬁ’ﬂeré??éa@eéegq@dépe%tft?oﬁfﬁ? ol l er
compr | Sescalrol PATE (AR IALASRIALSAES ML ;e conput er
readabl e nedi a conpri ses conpu Sl re% | ‘e cggeemf%géﬂggle he first

cont rl V@Ipvstlf)nlgaasolilwistth@pﬂesrdmpn:s:estsnrtgﬂﬁsﬁ)epeﬁcﬂbspreovmﬁi?utar fapagetion gas
chanber encl osur e,

fromthe dggg@\r tll an gas so%ace to the_plasma processin

comput er $° fles1Eg HE eemdaenephiplyhior shechenstonn deppsiian sep toprevpe at
| east onetdg éstfr&'ﬂ fd et L.C as
sour ce fromgér)l ering tt he 615 ?rga&)\g?%%%@éféﬂg&%ﬁgm %ﬁtoggssg Ch% 1Etfelgonrput er
readabl e wo@emocompem ngdabﬂmcmb@m@ﬁ@mebemﬂwenti&rvaaie fbﬁ@tﬂéas@ne et chi ng

step to proéﬁg 10et chi.n % ﬁafromthe etchant gas source to the plasm
processi WHeEAMeFiep to providega Slchingeas i theehelipggasspuichéo theadesma i nvent i on

wi | I15be Y I n of the
e oﬁ’?iﬁeﬁ*‘?%@‘é%‘%}’%ﬁ%ﬁ SRl oL RP bR Bb hER A PR Rl
DESCRI PT It@iNra®BdeT: HElaERAwm@Sthan 250 vokben icsdbiraie lﬁMeaJﬂlda@trbﬂeSetdlhﬁglﬁtalﬁ ated by

way of exarrpli,F notg}/vva of limtation, in the figures of the
acconpanyi ng Tgs e eimentafi tha preseu dnyeatign ehethad ferrfarminger dual t o
simlar eheneidhs faiere Do &ER: E gmatic views
of the foitnation of ez; gont act Vﬁa &° (g}al%egrlgaégtc}ﬁﬁhgt%ﬁh%%ﬂ it pr ocess.
FIG'S 2mdskas provadedrmater the\etcélvlﬁye@f AI tienchdk oRhéd) rwmtre the eNlmCthe ehen f eat ure

t hr Légh anot her prior t process. FI 3 is a flow chart of an inventive
passivat i“ORPHAD %‘E)éﬁﬁe %1?{988 protective sidewalls over the sidewalls of the vias and

etching a trench through the trench patterned mask. The mask is then stripped.

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

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

25 chamber wall forming a plasma processing chamber enclosure, a substrate support for
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

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

connection between the gas inlet of the plasma processing chamber and the etchant 2as
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»FIG'S 4A-F are schematic views of the formation of a contact bole using
the 25inventive process. FIG 5 is a schematic view of a systemthat
may be used in practicing the invention. FIG 6 is a mcrograph of a
plurality of high aspect ratio contact hole patterns forned using the

" i nvent i orsouB@FIGeorttrolir & dohtolahiaphinetted tpihd fiadticoptraifvahiegthcaspaet ratio
contact hol e Patterns formed using a prior art process. FIG'S 8A-B
are scheriife! yalsgsingdithgatdenhencesicadspde o be petrofsy coaPiipgaat fepstgnact i ci ng t he
inventio .. ' - - 0SS:- L Vi f .a_stack on
whi ch a J%?ﬁsé%ndé? cdg)rkfgu{[ezé%? @e?{se%fagrfn%d& Enspﬁlgcgjtr%dg?@re ﬂ\éérd?g\%)rrg%ré%ges.

FIG 10 i®ngpudigBad@¥etodt fawpehiagihofirsc@itol eslde igedidai dikelepbdi@én art to
forma dual damascene structure. 5FIG's 11A-B are cross-sectional views of
part df asigmioarovnlentieppribuugssiom Bfe depagiens swmeuse tueaiessng t hout a trench
stop layer_and usin I k dielectric ccarding to prior, art .process.
f e s o B AR M e SR fasp RS TRt e Pl cRbbel bauet s on
of a damasgenprsid AqtAil endMdpbsubn Aeh ECPEReR leRilpade FroantheWidHag: @sl oW K

di el ectric according 10t.o another prior art process. FIG 13 is a

hi gh | evedoufdedvers lsarering dre pdasneaqnpissing shamberrronlg surecangl codamésrgeatiabieeat ur e
using a via first schene, FIG's 14A-E are a.cross-sectional views of
part of acog_ﬁtggrt?’fg’lnén%t\ﬁ_%?ecloﬂg SOWicY%Vﬁ%ﬁ{élleaaﬁw_seé&%g %tflf’ EPC?H?P’@%iag f or ned.
15F1I & 154cHifig @aPh6inant 6ERGH 3R kRfccAo hOSRsRE o AR dhhewenf a dual
damascene feature that has been etched according tothe invention. FIG 15B
is a top and sThksepad sperfaateesaidhe pfestrtiendutidn dahbs dencbédmtmoe. DETAI LED
DESCRI PTI cg?laig?)e 0|_\|)!/Eir|13 h%'?lggﬁgg) d@o’ﬁ%&%@ mveniion and in conjunction with the

following figures.

15 BRIEF DESCRIPTION OF THE DRAWINGS
The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference
numerals refer to similar elements and in which:
FIG.'S 1A-C are schematic views of the formation of a contact hole feature
20 through a prior art process.
FIG.'S 2ZA-F are schematic views of the formation of a contact hole feature
through another prior art process.
FIG. 3 is a flow chart of an inventive passivation and etch process.
FIG.'S 4A-F are schematic views of the formation of a contact hole using the
25 imventive process.
FIG. 5 15 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 pattems
formed using the mvention.
30 FIG. 7 is a micrograph of a plurality of high aspect ratio contact hole patierns
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.



20The present invention will now be described in detail with reference to a
few preferred enbodi nents thereof as illustrated in the acconpanying
drawings. In the foll ow ng description, numerous specific details are set
forth in order to provide a thorough understandi ng of the present
invention. It WGTs Bé-Tappacens-sediioneaews ba sfack gkivhickd dual dheasaete t hat

t he preseget | nvent i on rrﬁ% be_ﬁgracti ced wi thout sonme or all of 25these
speci fic FAIUP ISOTPRE BIREPIGTALIACKSESS: wel | known process steps and/ or

structures havey®moip Re61A88S HoRed, 4l Bldss LEAQH SRS dopgcessarily
obscure the present in\q/]ggnti on. © lah%gﬁgﬁsﬁh%knvénti%‘n&iagqg newgetchi ng
met hod i ndwdlidetrasgenk ntrsitdra. passi vati on process i s conbi ned and integrated

with an etch pﬁé{gsi 0 enhance the overal| etch 30performance w thout
undul y sacrifi €f'frgf 1‘%1%?%%095'%‘??&06@%@%?@@%@& &rin the produpfion af 8 new
met hod, af., .4 .S : i kS { e and{.or repair
the phot o SeRLPh o @e TG TaRh sRh 0T Ruk PotiE Ik f ERUAMEPRRRSE

f eat ur es, tocuprisrgert fr@ceskchi ng progression. During this new etch sequence, a
pl asma chemical process step is initiated for a shart duration before
and/or after t ﬁ@m*%ﬁrﬁ i§ agrgsersecdionsl vigw odpatiohd el dndhempductipagifraed
durati on. Lvati rocess i.s.chaosen in ch .a way .that a
thin £ R AR RES R o RRRLETRRsfe FREE Flak R ANERRR il cct 1
maski® r ontol aloter ptichaiep@séson. Preferably, this thin coating is of a
material that is conpatible with |ater stripping process for ease of final
renoval but rmoF¥E-Och abisddipet daw eadrior reexamyie fatferiag ¢ dugbdarexsapt e, a

carbon-ri % i o%il ntaining very low to no amount of other elenents,
can be uslgeélalrll ‘ghéc}n ?Vgg%r%%tcé?%%i st mask so that protected mask features is

not easily er OHES DA -Barsubseas@ibnat e Ner RirosRsEibstrile SVAGHtMIRES, |t
changes the surface conposition of the mask pattern such that the mask
behaves |4 fheal dapaeasae stnterrasformhdvi ng certain beneficial etching
charagcteristic f.an. 10 rphous car.baon hardmask.. Alternatively, the
pacslvati on pr bicbdsMe) PPRER RS eE 3 R AR AR Ty o Fiete ERba¥Sitens on of
the thin fegatd Mgt RN Hebe cldBekacRaldigy o thakfRhtoconpensat es for and/or repairs
t he mask patterns damaged/ eroded by the prior etch process. The relative
i nertness of tWé&I.de&tis adon andside prutneshuenewealdhe fepl demesdesn feaguisenef i ci al
so as to not to alter the fine balance obtained in the etching step. 15The
etching gas m xture contains etchant species and at | east one passivation
speci es so asDEDANGED IDEEERberbyer THE PREPERAEFIERMBODBVBERES vation gas in
the etching chemstry. The ratio of the etc ng@tto passi vation conponents,
h

|
al omdf wi t h a plFhg aicpary iyenigrheill pew be sssondped andeteil vhih refeserfcerieryfewal anced

to achi eve_ppti sglng.-result such as photoresi st selegctivity,
et chi ng éﬁ?@glte?g}é;g Ogi;?gfn’%gstt@ﬁrieﬁ%asrlgqlgmg?%m%ﬁﬁgc%%agwllgidz%ﬂvm&ﬁst‘h@rege p)(;vver
is kept HogbwalpdidshertRnehigerdhs §Ri M EARGroastibeh ASorldsr @l evigert high to

obtain high etch rate and good etching ani sot(ogg/ in small" di nensi onal
st r uct ur ésorovple updassipnding ehtha peesenichvergiove queitee appardnd, hawavendy onot need

to be, r %khﬁerde};[l ?lge aar{: (éha? ‘Hle“;%%s%ﬂt }Jnr\]:teillgiorg rrrllez"iy %8 %ch%tcéé) vr\]/itﬁguttsggleegrcal Cr&_g task.

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 1s combined and integrated 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 initiated for a short duration before and/or after the wafer is exposed to
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- To facilitate understanding, FIG 3 is a flow chart of an enbodi nent of the
25i nvention. A photoresist mask is provided on a |ayer to be etched (step
304). FIGS 4A-F are schematic illustrations of the process. FIG 4A shows
a photoresi st nmask 404, which has been provided on an oxide |ayer 408 to be

~ etched, ie?&jlg%%ga&n?: If%%hl%ts @ Guratl e 'Plﬂﬂ?l%srr_ﬁé ]@asisi?aﬂﬂhﬁﬁ%gesjs s EhdAEPHESS

chanber (step Is a schematic view of a process chanmber 500

t hat nay sheh ased that atthe {Boprfefigenddoeiidsds femed of! thdwmaskyyatietn @n, hi this
enbodi nent, the plasnma processing, chanber 500 .c ri ses confinenent rings
502, an WHPEst Bf BErk Joul @@&?*Cg CrQSiEY Pépé&%b?f@éias iop coging4s ok piiatdiat 10, and

an_ex ha“%@at@é’ E@ng%%le Vi 151@1@3&;%{{&% groa%%& @g?&t&% b$ ﬁﬁaﬁeﬂ@@ﬁi b‘ﬁ%‘}dog%t_%ﬁs _source

512, an etcha as source a I onal gas source Wthin
pl asma pregassithgn tdhandsembehls t e suhpld ataboateh thi8diimonontwhirgh t he oxi de
| ayer is deposited, is positioned upon the | ower electrode 508. The | ower
el ect r ode’eBORW i9cist Poe Wt e5otheselpmapis e isdsrhocoght B etAFseErghtsm (e. g. ,

el ectrostat.ic ' b D91, QL |5 r L0g,. & bstrate
vefor S0 e EE APk Tl SR By Siad 0By Ebe R AL DB IS

di sposed Jiiayediras,at shabhg@npeOsirtRetbapbawet ofllesiskgert&b8uch hal tepgisk

el ectrode 504, |ower electrode 508, and confinenent rings 502 define the

conf i ned behawsdiked nsredoSrodmesks higng ogriain benafigial pishipgvhpisegriplicssrfdnvol une

by g source, 510 t.hrqu a. g inlet, 543 and I rem.th
conf(thed HrEharral Uiy B R el T e P P LR A al o T el s
port by tAguaxhHausthpuiford@ionldrehedhausdtingWinhoR@st patten urgas outlet for
t he 10pl asna processing chanmber. A first RF source 544 is electrically

connect edotpensrdesuiopaird/ell 1epairsolie nBeK pattersedunitericradsdiydhepgor ¢fch
el ectricall

d to the | o | ectrode 508 |1s 552 defi
2 bl asms REPEBO LR e airatrery el HEhe FhERAR FoRglea BB o octroue

504, and geherdigveraseb a6t toader HOSinRmaldis Peerdd iBekkidHg; ftey.st RF source 544
and the second RF source 548 may conprise a 1527 MHz power source and a 2

Mz Bower sourBe cighifg srsanixtersebhiatsicoignoipeeiohmetatilpst REC papalien t he

el ectrode_ ar.e possi bl A,mmdi fiLed Exel a 00 ; - F nec

Cont | nedyPRUGRIEY L ARE aet LERERC 48 Poat RAwARA Dr erub bl EEF MM 2 rmy be
used in anprefisl e redetihrehim totfassivavanbhpdneris CORid with agmﬁaﬁtyi s
controll ably connected to the first RF source 544, the second RF source

548, t he ddOdxhaueespunperBRmnsasiinebt badueed &1 acjigvpePHBINE BINGEBHIE] to t he

deposition gas source 512, a.second control valve .539. nected.to the etch
gas sour dE 8GR i PRoBhepRETER ORRk afsa T iR P B 16 i onel
gas HOUr GRcpd@ dioRarg@sowdt iekefddpiphVindese@gasf tHehatded pRakl&dsares 512,
514, 516 into the plasha processing encl osure. A showerhead may be

connect edepohighdo gaigin gk eicB4ae amy @oedsichinganissygpyrimsipdl nmssiong e i nl et
];]9 r each s%gtu%eosw % p%gsi\aat%infa];ﬁ re?crl]ﬁngi s%lqgéncfeocgn %g,cbr?it g%%’ n%?ﬂcragdeto%re, a plurality
reiterated and adjusted until the completion of the etching task.
To facilitate understanding, FIG. 3 1s a flow chart of an embodiment of the
25 invention. A photoresist mask 1s provided on a layer to be etched (step 304). FIG.”S
4A-F are schematic illustrations of the process. FIG. 4A shows a photoresist mask
404, which has been provided on an oxide layer 408 to be etched, whichison a
substrate. The substrate is placed in a process chamber (step 306).
FIG. 5 is a schematic view of a process chamber 500 that may be used in the
30 preferred embodiment of the invention. In this embodiment, the plasma processing
chamber 500 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

comiprises 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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inlets for each gas source or other possible conbinations. A
protective layer 412 is formed on the photoresist mask 404, as shown in
FIG 4B (step 308). It is preferred that the deposition be asymetric so
that the anobunt of deposition is forned preferentially nore on the masking

mat er i al . whichitlse @ridé &yeeld dspiefited, ip posigsisedioaitideldwdPblyctidie Jognahef - si ght  of
the location to the deposition source as well as by the selective nature of

the chosefweve eﬂf‘&@e@% INGHPYRHE A SHERIG Su*tsﬁéied%‘ﬁ%il% meRhadkEr{%Ery be chosen

in such I'ng

mat eri al 2&1%)’05%3'&@ ? ?}g&g%tra\%:@gm?ﬁlgt ﬁ{aﬂ%%g% ﬁ{) %\é%bgﬁgﬁa t‘?%“%erl als. As
can be seBie ieactbt ﬁpmlﬁcdrmrﬁteelthdan%e@mmclmeﬂ Tpéé@ ikBndd4teed on the top
of the photoresist mask 404 than on the oxide surface on the bottomof the

phot ot esi @woniis ledayeiteativde PG elhp bpasfelacedphidh drvewickictinds RO8,kindt he

referred enbodi ne Siti done i an e anber
oo o cHEMREFTMs SoashE PRisk Earafh ko by o i BoPhED s o ¢ n
prot ect i V@lfia¥@plamatidBmsd Wieyal souRk sthenphgt Ppesingt 54 P! Rrahhstdde
deposition uses sonme ion energy to allow for selectivity of such

5deposi t i @em the confined p&f{ﬂﬁ@WO@ﬁb@ﬂH@@h&e C*Dltfelemeotes&ﬂ@@dmmmm may be
changed to t hi ckn i bution the. protective
| ayer . Foqo%ﬁ%ﬁﬁleéﬁmfslt pw&g%gg gﬁ %%(ﬁ ﬁﬂrﬁlslakﬁaﬁﬂ‘étﬁ el 3P ng on the
si deyl | Iﬂﬁsrﬁi‘ﬁro@éﬁhigﬂﬂlaﬁ%é#cA‘ffr&q{ﬁ%tﬁ@%@lﬁ bidgicRnpsaasicdesnrr in order
to protect the etching structure fromfurther distortion by the subsequent

et chi ng. upptOvlactireds Bi4. of sqeood BSsiongeddids clnectnsalﬁmgorm@vd thethf dowdrthi s.  Si nce
passi vatign and ching,are separate steps, th racess nditions for
passi vat i t??t% 5@% E‘U&ﬂ%}?f‘rz”@ﬁ%f %ﬁe@angwater\ﬁﬁ’[sﬁ’ﬁd{wf ‘Ehe ering with the
et chi ng WRERSSent rings S0PULE Rfp é&%&%@@%o&%&m& mef Eté@t&éd%%dg%@ar bon ratio

of the deposition gas is not greater than 2:1. Exanpl es of deposition
cheni st ridspashdt Batiythe éirag Rétkohiore 5@4[311[1&19'6 zbﬂepnd)ﬁf samtee 168 niyldomiprize at o,

CH3F, CH 1-1517, C3H/F F, C- -.16, C2H2, C31-18, and
siF1 i 7&'—'%%2&’0"%‘?“(8@?% PH&}%?:% BoEF @?‘%“équ ﬁﬁ enf ngfnsio%fal s are
hal ogen fao%ﬁe&rngh@vﬁo@eﬁlaltmaecme% boniviat Aqnmlﬁ&pzfaa%@m%bh@n 2: 1.
Wthout being II'mted by theory, it is believed that the carbon based

cheni st r yDuat hreqaendyi Gongnedy meds st BAM ResmapiidUspomtibofl d)iiali/xemonﬂ,' he sil ane
woul d be to form an, .anor phous silicon | r. ol ynor ilicon
over the g%ﬁd]a’tl%?’é%:i)gt“edl H aéHgF mbf’ﬂ%“?ﬁ’it 8? é’&lpéﬁéﬂlpg Y “ﬁ’é&% been :
modi fi ed l%&hralta@wo@ﬁ@ae&mhe wms&ﬂge L€ UG RE schh@e 9&@%&906 of

other elenents, such as F, may be used to yield selective acti'vity on
di f £26r entexirats pialp 507 § &mesowuﬂwai\maﬁmd:@pc@lt«td orthodepossioprgaf evwenti al |y on

but the oth h < phot ot g5 terial
but ot on2st o R ar T Rers 5 op B L e B BeR BARER S St REMER nnoss. and

etch resighaRBCR Vi d8seded RPMRLAGH AN g%@fs&m%@% e gz%slhﬁak spgiot or esi st
etch or damage and thin enough to allowtching of

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). It is preferred that the deposition be asymumetric 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 materjals 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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- the desired feature shape. O her nethods, such as sputtering, may be used
to deposit a protective |layer on the photoresist mask before etching. The
passivation step is an independent step in the etch process which may

i nclude different conbinations of deposition gases for different etching

appl i cat insoddreslbifhakant onabesiialfis oMY shdibresitepas th a ReRwedes a
30protective coating around the etching features including the masking

f eat ures eu@pd@lqmsibﬁ Bepositionts denepngdy isap elchichgnbagquseedhemizl yerwnml i sh
this st e

honosit 1 Bt QT etheRel R SBhe e b M nere8binelniT ol ide Bul O per

500, whi ﬁofé?éé?s’t.ngietfé}@blg@l‘i@d%oéﬁﬁbf{%sé%%nfeﬁ&%ﬁr@y@fﬁllo@»ﬂfe@%@l@étﬂ@tyﬂﬂ%uél{ om
the etchant gas source 514 fromentering the process chanber

cont ol | dep&Bfommay al so control the power supplied by the first and second

RF sources 544, haust 0. The con trol]er S0 be

used to controp® gﬁ WQ‘P%‘PWBFE @@F%Cesﬁ%ng%qc@émﬁé”%yo W@D?drt(%/?m%w%'ﬂlﬁlé“eﬁ? as
on the 5%&&&%@%%15@%%9%{ %%r&i%im%rlﬁﬁéﬁr?& example, it may b8Bb&rabld 8 f&mnl gbl € of
sonme of t arameters that rmay be used in a passivation and 5etching step
in the plﬂatlefﬂrceeltu@’rdnoﬂhlem&i@pvaﬂfofﬂ’meet:nlnngstﬁ*ucmmes Tathk etdhingRrefeds dekpRamge Mor e

Preferred Range Most, Preferred Rang Ita e >50 volts > 100 volts
>300 vol pgdeBltcgngqfélll'&pt&B@g gw@li%@%&ﬁ% 1stort1 by the subsequent efching.

10 variation of processing conditions may provide for this. Since passivation and etching are
separate steps, the process conditions for passivation may be optimized for this result without
interfering with the etching process.

During the deposition, the fluonne-to-carbon ratio of the deposition gas is not greater
than 2:1. Examples of deposition chemistries that may be used for CVD may be, but are not

15 limited to, CHsF, CHoF,, CoHsF, CiH5F, CoHsF, CHa, CoHa, CoHg, CH;, C3Hs, and SiH,,
Si{CHa)s, Si(C;Hs)s. It is preferred that these chemicals are halogen free or have a halogen to
carbon ratio of no greater than 2:1. Without being limited by theory, it is believed that the
carbon based chemistry forms a thin etch resistant amorphous carbon layer. The silane Sikly
would be used to form an amorphous silicon layer {or polyamorphous silicon) over the

20 photoresist. In addition, the protective layer may have been modified with the presence of
some F and H components. The presence of other elements, such as F, may be used to yield
selective activity on different material surfaces such that deposition occurs preferentially on
one but not the other materials, such as on the photoresist mask materials but not on S10;
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 elching features including the masking features using possible
multistep gas switching sequences. To accomplish this step, the controller 535 may cause the
first valve 537 to allow a deposition gas from the deposition gas source 512 into the process
chamber 500, while causing the second valve 539 from preventing etching gas from the

etchant gas source 514 from entering the process chamber. The controller 535 may also
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> 300 eV The bias may be provided by placing a constant voltage between an
upper el ectrode above the substrate and a | ower el ectrode bel ow t he
substrate. In the preferred 10enbodi nent, an electrical negativity can be
formed on the substrate holding the wafer materials (thereby applying a

bi as to tdsatighthempwsy suphed bhicairbadsesenddiie sueqsrey vt trdibe stlypst anpy
an RF po ratof.. . Thi . eGt. ' t il

charged pat i aerolier e feBSde P okt FebORe BBRTL LIRE.
det er m neglefyird, ie: iheed tHeGabstRggahd vidonseanpératutad by the anplitude of the
RF voltage. 15It is, therefore, possible to supply and vary the ion

bonbar dnent enE#dg1 e @blstaf 6pmp af thetpararietgre Weat DR UsethEed P VRIOR 814 age)
appligd to t.he substrate. holder, .. xt. the oxide |ayer 408 is etched
Chrougn (AetBRsEs LR eraSk SBhaciment bl i e 416 as shown in Fl G
4C. Etching applications may include, buttgpernot limted to, a dielectric
contact etch (high aspect ratio contact (HARC) or_ damascene), 20conduct or
trench dtch (shal | ow drPrdfsep) Rapgs f | MirgRedemeht apMost Risfertgdt e lmask open
etch, contact etch, vila dielectric ¢tch, dual-danhgcene via etch, dual
damascene trench etch,| conductor gaf &%88%h, condu?ﬁﬁ?gedeep trench etch,
conduct orgERRINQYE TTrenclyygsation etefyg Rid har dpaskoQBgRi ng. |Preferably,
the etch uses a High ilon energy to provide a diregtional etch. [The etch may
renove s|oBgsBhelghe prategtdwe | ayer [41R0 45 25shojwn308lelV of thel protective
| ayer on_sone of the surfaces nay.-be | t he

protective layer formng the side wall on thé phot or esi st 404, has been

d. f . i ' d.
i R e A O P e S e
of the phooRt @ Sibsd ahds IBealdceiday Belowlthe pitiattee M d prefened ot her parts

of the protective layer may be 30partially etched way or conpletely etched
away 10 To skohpents pn plepisical rggativifecan be formed on the substrate holding the wafér

materials (thereby applying a bias to the wafer) by applying a radio frequency (RF)

voltage supplied by an RF power generator . This has the effect of drawing the
positively charged particles towards the electrically biased substrate at an energy
determined by the electrical negativity controlied by the amplitude of the RF voltage.

15 1t is, therefore, possible to supply and vary the ion bombardment energy by controlling
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, conductor shallow trench
isolation etch, and hardmask opening. Preferably, the etch uses a high ion energy to
provide a directional etch. The etch may remove some of the protective layer 412, as

25 shown. All of the protective layer on some of the surfaces may be removed. In this
example, the protective layer forming the side wall on the photoresist 404 has been
removed. Other parts of the protective layer may only be partially removed. In this
example, 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 partially etched way or completely etched away. To accomplish this step, the
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- controller 535 may cause the first valve 537 to stop the flow of the
deposition gas fromthe deposition gas source 512 into the process chanber
500, whil e causing the second valve 539 to allow the etching gas fromthe
etchant gas source 514 to flow into the process chanber. The controller 535
may changenirbBerBsahapeHpt itRdirlWalveesh s sibp andnds o€ anrdicphsisaus£es.m44, 548
and change the setting of the exhaust punp 520 to accommdate t he et ching.
The cont ribé Heposiion i soube S Uba the pedrasigdiativer HT, ehilsressug e sbewklsi de
pressure, r ratu cconmmpdat e t etchi n ocess

& oot nivatG oS bEERRR R R ofe AEROTER B 08 & Gtk Ponal etch, a
pol ynmer f05dmE cRaSbdrS mé @Mﬁtﬂﬁ&'r 6 hiag cltxzﬂ)%e %ﬁ&;ﬁbweﬂaﬁp;mydmﬁe ﬁfyt Akd gases
may be, for 10exanpl e, hydrocarbons,” fluorocarbons,” and hydrof | uorocarbons,
such %s G4td 1@&@51,110@—53@ SMEQGha@Mﬂle@@Eﬁg oﬁleéBe;xhamdpﬁhpISEGto These pol yner

fornmer gases wo d forma ner |ayer t | ded and et ched
away du?laﬁﬁorf’ﬁ’é’ 'éﬁe etn?”ngp%li‘éﬁ?lﬁmlqe ’é"‘a}éa{ggﬁif;é‘ 10sC eot*‘gf”ﬁge par anet er s

that may Aﬂ&sﬁl%egadl&c@rf}r&g&@' zngl\m@ﬁ@éﬁm@&tﬁ;@@wﬂ&%&ﬁﬁ{ﬁ%&ﬂ@&% nt of the
i nventio 15Table Il =~ Preferred Range More Preferred Range Mst Preferred

Range Bi q:&odﬁst t dgec HAOEGick ofep mses BEOeneodit Bny#OBovalk tislilBrdsnaEatehgy >200 eV >
300 eV polymer former gas is provided during the etch. The polymer former gases may be, for
10 example, hydrocarbons, fluorocarbons, and hydrofluorocarbons, such as C4Fs, CiFg,
CH,F, CHF,, CHa, CiFg, C3Fg, and CHF;. These polymer former gases would form a
polymer layer that is constantly added and etched away during the etch.
Table Il is a table of some of the parameters that may be used in an etching process in

the preferred embodiment of the invention.

15 Table II
Preferred Range | More Preferred Most Preferred
Range Range
Bias Voltage >200 volts > 300 volts > 400 volts
Bias Energy >200 eV > 300 eV > 400 eV

After the contact hole is at least partially etched, a determination is made on whether
to etch more (step 316). This may be done by a set recipe or by taking a measurement. If
more etching is desired, then the process cycles back to step 308, where an additional

20 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 to stop the flow of the elching gas.
The controller 535 may also change other parameters to accommodate the deposition.

25 The contact hole is then further etched through the photoresist mask (step 312),
providing a deeper contact hole 416, as shown in FIG. 4E. In this step, again the controller
535 closes the first control valve 537 to stop the deposition gas and opens the second control
valve 539 to allow the flow of the etching gas. The controlier 535 may also change other

parameters to accommodate the etching.



> 400 eV After the contact hole is at least partially etched, a
determ nation is nade on whether to etch nore (step 316). This may be done
by a set recipe or by taking a neasurenent. If nore etching is desired,
then the process cycles back to step 308, where an additional 20protective
| ayer 418 is duplssitiladhissyelper optodpesidng mterkatingslopheiinn iand Ficing4Bps in
this exanple, the remining part,of .the old protective |ayer.becqnme; rt
of the neRPBrkRE GaT pipor HTabLY is Rel s Fafe R ik PGy AT oD,
opens t hapfkichsik iCRPEAEY aMBhsY Bive Bhek O TRISQYEIE S HaRASHEHANIGRAs 8NEmEL 08 Syt he
second control valve 539 to stop the flow of the etching gas. The

control | e BSGahimie @bso tohapde 0@ hewes.par aneters to accommodat e t he

deposjition. 25Th nt.act, hole is then further etched through the
hot of 51 o1 matRICreyn ShISF: B B3 ar g s U e ORRIE AN 5416 s shown
n PG dFockld Bic & $BwnaHHA. JRCWIRRYEMIRE AT LRSS IR fiditsigont L o

val ve 53 0 stop’ the deposition gas and opens the second éontrol valve 539
to al | owrhiwk if bopped (stdpe3 28 ohielyl thasxidtwecoblt wahlaeon&3bhetay 6) sahokange
ot her paranmeters to acconunodate the etching. Preferably, this

cycl e or HGeof of MpPBPESIFYMRE Wan B sHipPed Polbe PIAsFssHmhes AP gr eie penpyal

r epeat ed d@ﬁ?ﬂt ahongehdsgherably, this cycle is repeated nore than three
tinmes. eferably, this cycle is repeated at least five times. This cycle

may We repeat dd otaz endbodimdnitdyas etchistdpayaipiee aiisd bafore step 308 peadepbiitig aycl e
100 times. SPreferably, in at |east the last cycle, the etching step
conpl et eljolgstivedaydwaihe Aotpresisemeskie | ayer, as shown in FIG 4E. Wen no

further etchi i j - 0 i LSStk t: to
yield the oxi deciiytr Uibgibale BSIpLaRbabr PR AR LR bl 10
phot or esicgimbas kuintayy be dsid inplifetehtchalibep! QaeBselahdpe 2360 thade bafiisav

renoval fromthe process chanmber 500. 10l n ot her enbodi nents, an etch step

oy be adeRrBbfer: o FERnaBe ipriepioy be phtpted iorRsr & kaih fie/dapogon ped
hot i St K co: t i ‘ . h
Dot Bt i B3 since e AP SRR REABIEH Ao AN R GRRNS bR plTC

chanber s.deposifxehaneicibhiay 23@0neaaieklsy LAM Research Corp. of Frenont,
California my be adapted to perform both the deposition and 15etch steps.
Si nce t h&xaamowiafingicras fathnphatercgshsaskmenmchlsebWiraphel Imigdia thy bet ween

e, SepoT PR AR by e SR LSS onRralel 19,50 MRl o,
of phot onegingt phatiebisa FU W eBpold¥isphob RReshdbresidd dand P phenasisst 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 tmproved, even at high ion bombardment energy. The high 1on 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 eV.
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- 157 nm phot oresi st, EUV photoresist, e-beam photoresist, and x-ray

phot oresi st. The 200l der generation of photoresist polyner materials are
designed to contai ned unsaturated C- C bonds, such as the C C doubl e bond
and even C-C triple bonds to provide the required high etching resistance,
- nanmely, chem cals didleiid #eamld 0 the etching gas mxture. These bonds are
strong and require a high activation energy to break and therefore, at
relatively | ow ﬁwl%@r@%@()f'ﬂlhém@mﬁelﬂ, fgeeielhing ﬁ@rﬂp%@fdﬁlé@iiéiﬁ pheiorBw

25 kabl : t the gt
qoner ar i sk HERIPRLAGERER et Brrtilg STt B 10 s DT s vt
t hese unsgaiur adegdn baREs m@,@moﬁ lﬂfb%ﬁoé@§€lﬁdfﬁlﬂirgdobﬁﬂfﬂ1§ ﬁckb%@araﬁnﬁater 56 a

| i t hography exposure wavel ength, |eading to nuch reduced phot or esi st
et chiSng MYsREteteicie peﬂynmdovl”im Eh@Ré? q@frlbh@catprmuwosfthlﬁgnldirtonh‘e'hphannawwest

during t t hi hi 30cq t
one. pass ittt o et HatAPh ey Padh brisRoaDand Hedhoinete plurat He Sos il
i nproved 54@@1% Abwi @E}.hb&ﬁ Jo0srid Ten waAERAY no ‘;;B@rehatgzrmmh%rgh grdment

energi es at which the invention may i nprove etching resistance of the photo
resi st nmejeched&05®, 008 &k etmmerpzsejrw’éﬂﬂ seoinhd Argon Hidrdoamdreii, sneiZgsccmay
be 200 1, Most .pref.erabl ion bonbard 0-1, 000
oV, i 298k e pEE0E SO plackat AR E AR el BF Ot n TG RYehfHTBIE Bplor
et Chmng Qheslogv?er e?c%ﬁBdé"‘j@ﬁsgca%g@aPQEéh SsthSlof TSk, %gac"{’(sﬁ@trz}lrfé?k ne chuck
antireflective coating (BA bet ween the Sl 02 layer and t ot or esi st
mask, us mesaureE»féﬂehumDFﬁiaQ@Dﬂ f5apnt Rebakeide satec hamdbauck Qessurn 13 plecepraddéss
chanber 500, _a_5BARC cg # rformed. The BARC etch h,gg a pressure of 110
mllitor FOH\MLHW ‘?W @ W?tﬁ]@%ﬁ‘ﬂt F 59 pefad%0 ect‘%@mélﬁ st punp
520 and h

e S0 e Pyl MR e Rt P SRETE pRARY By or Bl
The et ch BAR@iesdir. yTlesaddbrakgamsofircAsg 6 mayGepresaitmafre Cad onargds édhr&c Chheof 02.

The upper electraode 504 is placed at a tenpera ure of .180 C. The chuck
forned byliibyHEe Péhérawﬁr@erwba’@ms%npee r‘}fPlHE’e‘iS‘t tihe pidhiflenaleptca iy BP0 €. A

backsi de lﬁ %ﬁdéﬁ’l %oﬁﬁ & RS BS SHE o1 5@? FoMd Sx8hRoee Aoolz R&é?{'s,lde ﬁrpfsure
backsi de o pressure Is placed at 15 ton. In'this exanple,
t he BARCoéhe]humss mdrlb aomietl:le tlorckS s ébehadDFTRA0¢ et woldren im3h bedaideo! s

t hese paraneters ddi ti onal ga rce 6 may be used to prqvi de
gases foPTERECBRRE ?8 Ser el i H};ﬂ%&%a@%w egt%s%kﬁ@spreéws ¢ ¥¥or e

than Onecﬂﬁﬁatt%ocﬁ Giter |ona{&1{'ﬁkyq4h¥%0§%%ﬂﬁés E@Qmﬂ@%@ it fifest Pﬁgsaﬂ%k)e/ t he

val ve, so t e addi gases may ependent[y contro
cont2a0ol | er 535\ dEmrsitam dbiked protddb€e 2300i1s perfoackd i e Facka i@ 2300 at a pressure

of 50 millitorr, with 800 watts applied at 27 MHz and 400 waits applied at 2 MHz. The

deposition chemistry is 500 scem of Argon and 50 sccm of CH;3F. The upper electrode 1s
placed at a temperature of 180° C. The chuck is placed 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 CHsI, 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 controlier
30 535 would control the power and other parameters as specified above.
An etching of the Si0; layer is performed in the Exelan DFC 2300 at a pressure of 40
mullitorr, 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 C4Fg, and 30 sccm of Q. The C4Fg would be a

polymer former gas, which provides polymerization during the etching. The O would be the
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of heliumis used to cool the chuck. The Exelan DFC 2300 allows for an

i nner backside pressure, which is closer to the center of the chuck and an
out er backsi de pressure which is closer to the outer edge of the chuck. The
controller 535 is able to control these pressures. 20A deposition of the

pr ot ect i ehingyenbles gper Albhonell thafludrencExeh bl OFCs@BAG cting thy Sserirren oliis 50

i1t , ith 800 tt |i.ed at 27 d 400 tt ied at 2 MHz.
The depo€ktTbls TeRarFabt 1 QB aboLER b N i Bo B G Rod Blicrhat o
upper el ?&%ﬁé?glﬁ%'é §f Plpeeda ahy ig ??g@cﬁ Qttaqléﬁlggahﬂ'ggf fo° dha hygke *r&nﬁg%cﬁféed. at

a tenperature of 10 C. The bac I nner zone chuck pressure o rumis
pl aced ath&k pressurd behdhimoksipleedat & torornfe b2 Fsiiu oktgpresscnekipsespliradeplaadd 12
ton-. In this exanple, the deposition gas source 512 woul d provide the

Cl - 13F, #hi<ipT-siobis syropica 8 delianhgrsshwce d ehivnyld PrREIAs o hetvepd 5. phsdi ded
f t he- it 516 i Le j i . th th
Henos! 11 SPl P 8 A% GEUEAGLE o R RE TR Aol LY dF B Al lglg0f 1 L Ne

and cl oséepdrgticaechindcontilolier S30wollielase ierfirkd wilvakdi chdadea thostcond vithes§9.ow
of argon fromthe additional gas source. The controller 30535 would control
the powerdbgsanselharvad alse canioldie Spwef piged fwppilhe addifiospkessguise- the Si02

|ayer is parnmad Jdd b Bl AR REC, 2300 Al AcREANaERE A M 11T on-,

with 2508 s applied a an S apptre WMHz. The etch

chenipstry is 4Q@hisecsmpit, As0mR.BARCSEATs pérfdpifl foasulsddnge eNeaf the2. The
C4F6 woul d be a polynmer former gas, whic rovi des pol ymerization during

t he et chidpppsititieoNihe peniedivisdayen Estepe? @ iwpronapd & 1@asgcondst AdugHhe pentact

fluorine, from CAFG i d in_etchin the fluorine.iLn this.exanpl.e

Fequt r os npla® R RSt S F DL st Bl aH PG SR ArBls B AT oce 1 s
pl.aced apedoinedtidRi a0 BEcnds (st§0308). Ahe bietlof ik BAtaser ab sdcdndb RS 1) and@thel O
C. A backside inner zone chuck pressure of heliumis placed at 30 ton. A

backsi de depfséioryefifée pratedtivedess ford G sseqda ddep BHD i repeatisd four tihgss Aefanlpl e,

the .ettha S r 51/ d provide the F whi is.n

or ovrded et FASGE subbplBaet R oA ThBRE T by Bt Bley
during dep@8idpiforesibes S@MHEOStGY 3735 THaWI e, Gh BES etdifple th8 ey aitydr @@p and
open the second val ve 539. The controller would al so control the flow of
argon fr 38¥xane eicdd(stapohiad) cpls ispruformed firé @elesr ol | er 535 woul d control the

power and ot her parangters .speci fied above. Ln_f.his exanple, first the
BARC etch i POy o paroeD SBE e orE o S wh%labci ti on of the

protecti ¥g sb@PARCE@P+ 308dc. dspaidor W@?st@cf. clcd -5 €6 a8l SepddRtidn) H dBsec OtIRACT
hole is etched for 25 seconds (step 312 Then the deposition of the

profctive | ajethis sxasenledhmpepteaiive loyes squnlgrentigte fpravg)on thpmask end gflew s
R X e N T e A
E 2 tee:‘o eglt1 ggaﬂ dnsthB 86#6h E¢hd RatuBoSBeOmHsolcstiePlagdids forthal &l £ thehtRAPbet ed
the feature.
Different conditions may be used between cycles to more specifically tailor the
25 conditions to the process. Additional processes may be added to each cycle. Although in this
example the process chamber is an Exelan DFC 2300, other modified etching systems may be
used.
FIG. 6 1s a photomicrograph of a Si0; 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 Si0; 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 imask (the original mask
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. and the photoresist is stripped (step 320). Therefore, in this exanple, the
deposition (step 308) and etch (step 312) cycle is perfornmed for 5 cycles.
Anot her notation for this sane sequence can be witten as: 50 sec. BARC
etch + 10 sec. deposition + 4x(25 sec. etch + 10 sec. deposition) + 80 sec.
et ch. 201 partclihSar@%AAN & ciliiBr RIS §E taY el BYEBELsIafe RORI SFANET @l tfe bREPRLLON
the mask and sidewalls of the feature, so that the protective layer Is

t hi cker othetpher aeskethorto Sindddkalkitisow fhe dvpofigat uf @proetive hayeh éor llod pramvietist he

feature or that no protective layer is fornmed at all _at,. the_bottom of the
foaturo. PIFFOH ROTEOROE HF 8ﬂ§‘“f‘|’é%j/’tt8’élsu‘§é‘8£ bRkt Wy Bp éigetlw%a@' as shown
speci fi cajl ¥,.t.al L L . Litil. O ses
oy be sotperibisdirekil RGN LoRiS hbiRe pREWBIAGERS: .cbIL DR RIAIEEOCD
an Exgl anlapgiGi2(3e0)deatalienf e ghbthedisetehiengremay elss provgnierasedthat is foukd @ 6

is a photonicrograph of a 8i02 |ayer 604, which was masked with a 193
phot or esi SMHEHSR PEYFSEH © hi gh aspect ratio contact (HARC) etches 608,

FIC 7 15 o pholbm S oo Bonet Tl o PLOHRE YRS RTINS oL SRRLERRRE

193 phot ogigsd sk paddictibo of HRacked ghoRSHEL makRId RorwhRlicaletiARGY i1Blahies méys,
W thout using the inventive deposition of a protective |ayer and etch
process. ®§0 pEYidfebadisepichicsubhpdessiegresatha ayierkey mask pradges. i nventi ve
process of depgsitic tghing provides, th LL att.ernn transt.er
fr om?ﬁhe phot o?égliagéa ptr(rﬁ)rs%%t%eﬁén or |egai ﬁglegﬁrarlésliye%sgg lfc%sr ﬁgc%% E’eﬁlg?)r gﬁgn fetve

circul ar hebeshct 4 hbal addnslicoant aetics type® f BBhRofddctdibRbr a Bardnligk 04yRe(subRBd,
the prior art nmethod of an etch without the deposition of a protective

| ayer f orsitipen piedeomslsiiliconoxymissde. Hpsetehing aropfuctardaysy flegansack 63 ns,

which is are i.n the dielectric |ayer, as .sho th re...rrequl ar
ehape of {HEEGAgbPeed Padh e dil, PEne AR o BBE NP Srel R Bih FYe
5l ayer oncdi@nshslavilsise®fo ddpesiph ot-aEiesisiinnbea igaiuheofRiniag S prevent
striation, that is found in sonme etch processes. The 1 nvention

provifles a nor B begreferebenbabmpricddbsinvhaion, Hds dewrable thalsiomaaddherask,

since the, b SONGH 3% Ofc A BhASKERAIPLALEN S (SRSl JTAE L GRTRL kERL S The
i nvention r‘r%}g/ ERY prOV|p3e Beetet “er e esult 8 a1 8ss expens§ PRAN 4
stacked nasknpaeaeses thtQThaeddyghatdghacpireRadpsatioDemdeith pless i L5 4 AxeR,
(such as silicon oxide), a conductive |layer (such as netal and silicon or
ot her typdespngelisrsbowd sy by gaotoys F@ﬂ}@ﬁﬁ@gqsaﬁ/é@plﬁt%bﬁfoa% aGGIEdA i tri de
and sili Cé)({l e8xyni tride). For etching a conductor |ayer, hal ogens, such as
chl ori ne, (%ubrine, or brom ne, nmay be used in the etching step, where the

depogpti on mayncoBhaBrehaibansnt SRGtdRnHERMEHh i &clihg as fouicd ishat or  a
thin filmcontaining Si. 15In the preferred enbodi nent of the invention, it
i s desir apiogided a9 theghesnes proerssing chamber during the deposition step and the deposition gas

from the deposition gas source is not provided to the plasma processing chamber during the
etching step. This may 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 C4Fs is also used in the etchant gas, etching cannot be accomplished
by Cy4Fs 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% 1s provided during deposition. It is also preferred that the
deposition process 1s 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 imited 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 1s that an etching component of the etch gas is present
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conponents of the deposition gas are not m xed with conponents of the etch
gas, since sone m xing decreases the efficiency of having a separate
deposition and etch process. As a result, the controller should time the
gas flows so that one gas is depleted before another gas is added. 20In the
pr ef er r e@nbhiradigHBALCIchistp. di efdien.daas Favemdires @F&W@%@ﬁy bpligher fos not
provi ded to .the pl.asr r si ng chanber during the deposition step and

t he depoé???g%ﬁﬁégﬁigﬁﬁgfﬁ%ﬁg%position gas source is not provided to the
pl asma procesgirggid BraBdiddpagitibh Stef b iHRGredeBe offthk HolBier RO LIS REpRY deot
provi ding a conponent of the etching gas or deposition gas. For exanple,
oxygen omohmaieaten doong Biersldsigaslovs the Renyoldugivr sgerey visbimgniony for higher

25et in%t as. Even Hp%u h F6 uﬁ.also used in the etchant gas, etching
cannot b éhﬂ%ﬁ#%?%%%é B%u PR T'H88E oxygen in this exanple. So not

provi di ng OXYWCéHpirfgggééﬁyﬂ%h £Q8 i1 RicRG RSl 19s pORiLIEeRARE higde, step is
a nethod of not” providing the etching gas during the deposition step, even
i f CAF6 iien prepgicsadihgut wgeapésddsérosion and damsgeadisbe pickingme#t. t hat t he

(Doort <RI GEET: i i Ba5he e Ryt AR P e RBng ¢ e
protecti ﬁgeggcgarﬁgagg scpdfdle FasSOROSH été&?g?ﬂ&ﬁﬁmﬁ?ﬂpﬁ%@ctigﬂkm{ §e not limted

to, CvD si"tion” or sputtering, sin CVD and sputtering are not used for
et chitng. opfintitre WWeguebngofor gasnpls, 4 essivaine centited npiahyretrat faamser in t he

etch step, then the de ition gas be provided during.the etch step. In
such a cg@ ler g DpEE akélrggﬁfé’@atb‘& g&@éﬂr Beddlé‘g%%?‘fﬁné‘ﬁ nuxpe. sige it h st ep

i s that I : i y ; o th

|s that ag,ghsRr e&hﬁ@mg_@t@%@ar%gg%aﬁ{ R e alg® cBf 838 8ke 0 %%@%m e

etch step. I'n addition, bias po uring the ep na hi gher to
provi de tchetimd. r&dditionaly, éteqhassigation chemidbryowinditiogs,auske pap@t@raapbsi ti on step
and the presence of the | yner former to provide polynerization during the
etch st eﬁoawn&agoweab(r}@f‘eﬁﬁ?reﬁﬁa RBYERRGHroaERAT? ﬁgthecmgﬂmonrﬁoaﬂ%% 5et chi ng

rat g sand Jpat £set%xe@9§n§8%ifi8ﬂitﬁicﬁﬁ€s i ng. By keepi ng passivation gases in

an etching mxture, it IS possible to use higher ion energies without
unaccept abl e déiwesifore, anHadagagiepafdeth@sa etomadnesikpasitditivn eteps | v,

ani sotropi c etching.can be achi eved during the duration of the etching
step. By PIRGCRYNZEPHNUNS, FLEAS PPIHUED BPYEL BrSFHEcloR it s¥idr ot ecti on can

be 10optim g, i J L.cal mxture
that for @B%%gﬁ%%%%sﬁp’gﬁ? Er%rrngg%g %Wélgg%lﬁgaﬁﬁaﬁq%?ﬁgﬁggﬁg an et ching

m xt ur e, cendidend foe ehait Bep togaotvidenn optietcHicogtianend &t epittaizednatcgases i n the
di scharge can degrade the quality of the coating. Additionally, the .
passiVati on chERFISOPY SEBRUT TG 2 EMdRDAEC b%"@s?é&F’éf%r&ﬁ?"é&ﬁ%&g?@tt%ﬁ?h%y
be tal | ongdabf ARl T Ekfific BE ARRALIic: Bl §BAIRRIRLYAL I on coating 15such as

t he conposition, ness. ore, by having independent
passi vat i on aiidartmibogmssit vhtheonvesitiepsthp chanbsiwgl sread vhicnmay sowthctas
tenperature, power, pressure, ion energy, and processing gases, may be

i ndepend&Mgsien BV PLFhrisalsigd shargrdpaisies Tastaings oy ticglectfiesl each step -

it ﬁsfreg‘d’i gﬁcga{r}éggﬁﬁﬁgﬂﬁc‘gcdm%% R3320 o 108h4 B Eeeﬂqaﬁ}tgiﬂ%d %ﬁe@%ﬁ‘?&d inert gases
y be used as carrier gases during bo he et chi ng
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 whicly 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 desirable that the gas travel time from the precursor source to the
30 processing chamber is made to be very short. The gas flow stability time, denoting the
time to establish a constant desired flow and the time to establish compleie absence of

the said gas at the processing charnber, is made to be very short so that the transition

from one stable gas mixture composition to the next can be made to be very fast. The
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-and deposition. An exanple of another inert gas would be neon. In an
enbodi nent of the invention, the chanber wall areas, which may contact the
plasma (a m xture of chemi cals and charged particles sustained by the

el ectrical discharge), are nmade to be as snmall as possible and to be
mai nt ai neg.; £ 3 ner. r _ i IS, inimze

t he total glc)fng)toogliut%:ég%]%gaﬁ%?igg%%g%@gr&&%(f%ﬁ% ggis\&gg tﬁé difgér%%/tosfegg’?whgfcgo- cal |l ed
"menory" efd égtkadehiie phifeimahbe chem cal el ements contained in the coating of
the chanber wall areas forned in one processing step can be released to
interfere withlthey ggdiedermbledha hae clgairicnd gysens end dedosirpnsiteotkhat t he gas
travel tine. fr C-Ur source, to the 30processi,ng chanber is made
to be yerg’lons Oél(ri)’gg {h?ﬁcgﬁgfggﬂ??)g{\;}\}ese % rfcla% }%cilw?riu_rlrté),an éer?ort"i’a?lgls_ fEEE RS o

est abki shvayaenstigitessiesid @ chdn@vs eMbe BRehdrbdBorid@iRshabbbwby conpl et e
absence of the said gas at the processing chanber, is nmade to be very short
so that ttequiremarist Forhenmons. ohvasdeabhlle jabe abir tugeicklympesdctandstabdizehe next
can be madge t e very fast. .The obj.ect, of this is.to avoid.inter-mXxing
o chem carst D frebF Lk RE pr PGt e Sk ok e QP AE e

per f or Mngexture and thh terfiiYatdle thewsteshiabhie, Khrk ddevLhifeldnt &ahs SYpt em and
the control network controlling the conversion of the electrical power into
an el ect r beedpedticd elanggoumbantidindasgrycchasindiiay to espevbodate ¢dob stdpanges of

t he di.sch diti d . j ts. .Furth , It
o 1ol gL BEAEEE OB ATER] o EHATGR. AACPCEr eI i28: Ot HET LRk  or na

condi ti 0nauiemytam%u@rfep@%t'epgy&ilf&g@aferandsa%@s% Bo€eRCERBHES BivelRBcgas
m xture and the tenperature of the wafer substrate. Since the two different

st eps maysigeificepdabeitveen stapsfe optimidereadh step medividnaltye sEhecefod, itimmsalto
accommodaj e ,each, st 10nust . be chan several .tinmes. Allqwi ng such process
Condi 11 ones A6 BB A dRBE L Ry PUET AR TR Gis abEo cORTITABIL] o and

allows th £onek L t YAl hanbhd d ) eps to
ot 2. B T R o R b e e o

have 1a cestndalongonpistier the edjugyd teangehatd synchibbheetvdticomerdsteramuabdstyne hr oni ze

t he rapi d, ghangi ng. of .t he processing .conditions.. The conputer is used to
I5senq: coffAS ToiP Ut AR re g G e HE R ke B P JARZS ThE a

pre- det er giRedilsl JRnfbel ays of various devices providing the plurality of
condi tion changes in the processing chanber. The deposition step may
conpri se a sefThedemfsitainfstagromt covaiscrgesteptdifffivat esatingstppst €pemay conpri se

a series of different etchin t eps,..20 )
etching step may comprise agselgies (?fS chft%rent etching steps.
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Trench Etch Examnle

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

25 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
1 a low-k dielectric layer 1408 over the substrate 1410. A dielectric barrier layer
1412, typically, but not limited to silicon nitride or silicon carbide, may be placed over
the first and second contacts 1404, 14006 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 omiitted. A trench patterned

mask 1428 1s formed over the substrate (step 1312).
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Trench Etch Exanpl e FIG 13 is a high level flow chart for an exanple
for formng a dual damascene feature using a via first schene. First a
plurality of vias are forned (step 1304). The vias nay be formed using the
met hod described in the previous exanple. FIG 14A is 25a cross-sectional
vi ew of part To lawdudsteratcdaykd 14200y enbjedied to atrenchretth Qatet 1B d. Mhsk 1428 has
been fornmed. A fi rslt g?nt act .1484 and ? second contact 1406 nmay be pl aced
in a | owlPRCTUER E¥t'Rilc 11 SRRISPR B Stpe PT HFROSH B RIS %REET OR BF el ect ri ¢
barrier L; -V REGal ] fJu 4 hid] r
silicon (g:l%ﬁ?%%,@%gy‘}l%gﬁtgl%ﬂ%gl agil\(}%cr)ﬁt? anHEPﬁ@A%@i ?;tgll(l:lg gﬂ% %tglégga Sg404,
1406 to tgyvEdt2)t Aheoyppes rededtédasitiv the oidl bk et3b itq) B3 I d pysirelid20 was
pl aced over the barrier |layer 1412. First_ 1440 and second 1444 vias have
been Jet c FEgofliGs e tep )elypxsics rencater &Y kepstorpdimephorepreisrabds the4s nay be
formed at__the.; - i 3 }.S 1. I tep. In
some. enbaHEArD b R €lophat K1aR bRl ber ol AL E B RER KERENOR 6.

trench paftepsnetianmesd iié2ddss lifiobsdrSeotar tHeheestuhainiag of (El@RIb3L2) . The
|l ow-k dielectric |ayer 1420 is subjected to a trench etch cycle 1314. The-

trench efarhinper @deals ©dwpppliskvitheachieypls, Bowisg ey & Tedectionpp dinsdng ve | ayer

on the sid | f .t | bt i QSi t] tep 13 nd

et chi ng ¢ %‘?%%Ilglﬁg% ﬁagegrlrﬁkly@t%%u{%ﬁggg'@ﬂgn%ﬁ eo?g?&g{)@gts@nﬁﬁa%ﬁﬁlﬁt he end
of tie ewfd s beRedidRAhyerllA5ALRIRES HERAitBETDAGEARN! the ldbgositi@nsihet ch cycl e
IS repeated at |east one tine. Mdre preferably, the trench etch cycle is

r epeat edpeticdtivgdayer g aeispiropie lingvbEsigpipiesnapeRpsitionewhichis igt ch cycle is

repeated at least five times, |t i el ieved that the greater .number of
Cyol o5 aPPERLTRE R IR et e 15 yE4EE ot MRlpaR AnT B TRRREJRRERRS Toui ng
for a regichiclisniitRnciangvrdreRABEE thd @GRkl is &f £3urkdBrdastién type,
cross-sectional view of part of the substrate 1410 10after the protective

| ayer 14bpwhigh deethedispesictd omicivedsienis sppfatmal.qagnasig o@assss eqvel prot ect i ve

| ayer. i s ,an i sotrapic |inesyofsight plas deposi ti o ich in this

erad nefiteiriseeh 2% fip ok &1 Pa & s SR dhe IHeShalk ana’a
thinner bayess D5 EdRaink senalitestictal fdaevdl aschdhsh, ReRbelabkyste§ he deposition
is of a surface reaction ty in which case the deposited protective |ayer

e! . .,
i s conf oetehing arsaniterpg & wggés@,m@qﬂnat the BeheEeah @6 sapraming Wee deppsitisnwel | as

the sidewal | surfaces, Preferably. t depasi t1 0 rogess..also contains
Such di r BRePBARe ERDY RIORITH Bt ondfie RERER S RaBTSRES R uRRe 670

sput t eri fgposktbrSeiCthedoMBONEY sukBad thih@ap Bhp &fck @edgrédsicngditd fehchhe deposition
process is to yield a protective coating on the vertical sidewall surface

wi t 201 i t elcbingpraessdefos theradereareleried thet ihzslepasitianpioges dseds ofmy i npedes

progression of .the.trench 20etching progess, |t is therefore preferred that
Phe depostireBhay Pl ol res °F b Qi tsPt PaF R Yoo Bk T el mBsEL °F o
effect aa ?ﬂit@&we\&aﬁhg@m@ddww@mm? Bn R Ao prbfle salcRAbREhbMBeCOAt i Ng
selectively forns onlg_ on the vertical profile sidewall but not the

JA

hor i zont herizangHiatehing Gant siofeeesed sheodickepigicdrydrde be csbedyAmretectbe et ched. A
D1 Ot €O |4 B9 00 Sl B FE 2 U 8 U BF I AR BT e TRSK
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 directional 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 where another protective layer 1460 is deposited,
which again forms protective sidewalls in the vias, as shown in FIG. 14D. More

etching of the trench is performed (step 1320) to further deepen the trench 1456, as

shown in FIG. 14 E. The cycle is continued until the trench is etched to the desired
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- 25 chemstry is carefully selected in such a way that it is reactive

towards the dielectric |ayer but 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 nmask (step 1320). Sone or all of the via

~ sidewal | depuetsepedrayayhen therdiSninb BEREHRL 187806l ARAL is sk eglGlHNg is a
hi gh i on energy directional anisotropic etch. 30After the'trench is
partial |l yl3@88thed, if the etching is to continue (step 1324) the process

cycl es back to st 1316 ere anot her protective. |l ayer 1460 |
dopos tod.  whithSRBaTRePEPRES SEERE VB BBda Peer ebey 156 noak Behoun | n
FIG 14D, ngﬁgh@"@ rB@nOfactile ﬁlayewamﬁﬁla%r foEI{B_ﬁl’:ﬁé g@@%@ﬂ@z&m@ furt her

deepen the nch 1456, as showd in FIG 14 E. I's continued until
t he t& enghevesit dtechyedingofitirebaesi lagd. Hibeptvhr, Gotie pmba2id)entsthenelihmatee mai ni ng
protecti Vf’i | ayer and mask is stripped (step 1328). Thi s enbodi nent
provi des iRjedal | protection to prevent faceting. The need for a high plug
to prevent fageting may be elimnated. A shorter plug may be used to
5prevent the T)—é}p ning of the barrier layer. However, sonic enbodi nents may
el i minate al linplspgsfic Reaiple of the invent@nsp €04t laguanplichedo foha a diegnt i on, a
Coral TM l ayer is etched to forma dual damascene feature using a via first
met hod. \AaBseane fegtpisrusiiechwa firsimeetiore s are st ephergntsothy .Corfﬂ (stap s

exa e, t.ial.. i I : onesi .r.ench tern k is
For ni o aPAP R et b8 oyl By (PR AR el baRG BT RRER o, e
| ayers mayrmhel prackdCoel wwen(stehd 3¢y ahn hatyefle@nd 1R oPBdkO1o&k $hay@sk. I n

such a case, various etch steps may be added to open such internediate
| ayers. ARlarsgbsiweearihoforehiayyrasd s phpsdoresiyieradn 18isudhiress, wrionpstohi a (st ep

w th 400 e BGOSR R o RO, 0 P ot 2 M he
deposi ti on cheaidspssytiorsofaie paeeiivelaydr 60 BideRalSERME MR, (s@ﬁdB@@) isgRfofthedGing.
The u§per el ectrode is(gliaced at a tenperature of 25C. The chuck is pl aced
at alx emte? Brelpe DHC 2P0t apiesspg kK SOdeililiare M IRGRE veaitserprheda AT MEgranid) i um

i | 1on. T ide, ' | 15
ton . - T ultls bpibe s NOE. CARKRLER 48 LRGRA0E: SINCEPICRIUR B Rt AEBHaBH
t renches st@h @f0F. Qe abiM diayote is%nlﬁkﬁdfe@&ﬂaﬁférﬁlmi@@f Ret. aphd ¥tack3IOPlasdd A

pressure of 80 mllitorr, wth 800 watts applied at 27 Miz and 0 watts
appl i ed dttempgrapure phel et ¢ A he hetksdeapnrg.opp oghuckanesstrestdsiumgp plasedpiols ey,

N e
etchiing esahlder gas. Al though the fluorine fromCF4 is used in etching,
An eiching of trenches into the Coral™ layer is performed in the Exelan DFC 2300 at
a pressure of 80 millitorr, with 800 watts applied at 27 MHz and 0 watts applied at 2 MHz.
The etch chemistry is 200 scem of Argon, 60 scem of CFy4, 20 scem CHF;, and 10 scem of Os.
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 1s 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 1s needed
to provide sidewall protection on the trench sidewall surface to effect a vertical trench profile

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

continuously opened up during the trench etching duration hence needs to be protected during
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the fluorine in this exanple requires the presence of oxygen to enable
etching. The upper electrode is placed at a tenperature of 25 C. A chuck is
pl aced at a tenperature of 20 C. A backside inner zone chuck pressure of
heliumis placed at 15 ton. A backside outer zone chuck pressure is placed

at 15 t onhe S&¥dhecttiii@pdbragibghiiify Basisshotida seFakaR opbnddRSire@RetréficH he
pol ymer foimer gas conponent as well as at | east one etching gas conponent.
The  pol ygEhitosreprgased.siiisdgash tusl yaovitivel gierelkiare prittEfeicoh Mediumeto

trench si ] r-f ffec vertical trench profile-jn a

ani ot r opt o B sHEHILARE a8 oA R sl B pech o ERS s PREmEalshatis erda
sur f aces yagerldiet BdeCidiitidsN URUs dlcOREHaspIp, tHY BOMG 2V NBIA RERERcLEORIdRE > 200
duration hence needs to be protected during the french etching duration,

whi | € t hevwil don/eembadmesticsne £wn dighse identsedyos possitde terandingatponhiitsgffest
corrms\nced1 Si nce tretng.hoand via ver.ti ctal Ei grewal | s arg %Hhte different.
Vedi um t OPRPEH EERGH ERRPgPEReHICS 25 g R TR BISe #FPET TR S IL¥netr oper ti es
as trench profiyeicpdBskn d0thcynoeEt@Neyer $8LS TS 1 34l e B MNext
exanpl e, the 800wc ™ -Pz ngqgomgr@%?}[)e\gi%dg}gqgl%é%b‘grzo\}lﬂgP f%“i}iraiS %ﬁ%%épg\lrreekr}i

ener gy. Bveterehgh eichied foréiiecegnds $stgps33M)| §hd eppostiaugpfithoprotdctive ldyec {stgn
such tre etchin [0 ies as mcro-trepnching, ~aspect rati o dependency,
oo 15 g SR bt FEmE oo REHPOLOF Hpried S PO YRAGImAS NGB or s
for 145 S?F&H&'és-a!}@@h,etém@f%fo@']&h is etched for 30 seconds (step 1320). The
depositi on of the protective layer (step 1316) and the etching of the

trench (step 3U6) 1hAys behotepeabgdphofiantiss-sedtionaindsy ofhidahl dddprsostiedestuge
trench etch of 3300 A . FI 15A is a photaom crograph of a | .

cr oss- sedtd Banpe Sephecsording fog?zmge%% Flégtléﬁés_@h%ﬂ apbadeRerppestiypaipw of
accor di ngnd 9,58 REMEXRAR ¥&turE! Gias g(%;??e &cﬁ&ﬂnﬁﬂ@e@o@ﬁ 1&%&%%;{& n%h‘ﬂ’&gg;s

t he ‘dual danmascene feature Vias 1 are etched into the ayer

A t renchalkbkR:hied iatlogbe €boh &ger. nfincd fés Sanglle Halyrert nséh patial g, rexploglieindi d
not _use partial, plug, .no plug is in-15the vias, so that an additional
steg of H¥NEOERG ﬂe%@n&riﬂkjmpgl shdt ofiemaute trpplugianedmeedsdentlie vp andiench are

formed, @Jeﬁi%fﬁ@d,%lﬁﬁ@%&a ﬁﬂg'i’ Bhofit qu&c%ttﬁlgg.ﬂé ﬁ%y%%e&e 'ﬂ?eexﬂicr(}-%grr)h also

m crograph al so shows at fencing I'n thi§ éxanple has been ei

si gni fi caldwyihaeftacag inthie bianplahedbednl c@heSsighifiamaly@Bdidddus efigtigatad.conput er
syst em 800, I.Gh IS suyj | e for using as the contraller 535. FIG 8A
shows one pogg}bgéﬂ”’pﬁéég uspraterd Pt swpigret O 0s Yoickins sitabls farayinge used
for the [ RhlBlled3E. 1§, SRS & o YShEO? 8ok IRAY

physi cal g%){o}frerrs ranali ng from an ?n?gggg‘?eg‘;‘g?&%‘%‘fﬁ?ﬁf% Nt & }élles cui't board,
and 28 snelat nhgnehekd fade centuplet 635 Ofigeurselpke conpqet 8stenGaaplber System
800 includes a nonitor 802, a display 804, .a housing, 806, a disk drive 808,
a keyboaPHng physigidornpisgg@edion apirdgerated Gieul, LR ercchams ®@ddedi um

used to fran ﬁgl%heqi@tl@vircé)uﬁ%da 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.

F1G. 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 well 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
a bi-directional manner. Both of these types of memories may include any suitable
type of the computer-readable media described below. A fixed disk 826 is also

coupled bi-directionally to CPU 822, it provides additional data storage capacity and
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. 25from conputer system 800. FIG 8B is an exanple of a block diagramfor

conputer system 800. Attached to system bus 820 are a w de variety of

subsystens. Processor(s) 822 (also referred to as central processing units

or CPUs) are coupled to storage devices, including nenory 824. Menory 824

~ includes_randaom F%OI,I\Q R NAeRw BURIM. As is
wel | kno%?iagsgtlﬁgﬁgggr@%@?é%{?ét 0 ?‘?%ﬂes]f%gggga%yé gn I nstructions uni-

di rect i opad hiybe ushetoGhie prebriridyldas, uskdie likphodlstypicaly 2 smwehénydat a and
instructions In a bi-directional manner. Both of these typﬁ}_ f menories

may i ncl sidemeamyediunt(aishas eype Gt iz gdapet Ban PEERDIR AEd cri bed
bel ow. A fixed, di 826, s also.c . 18] - dd: i l: 822; it
provi desa%a?lﬁegﬁ%ﬁ“a go%}ag?gbeéa@%%/gg&nﬁ fﬁgflsrkﬁé%? xgiqjgélll ?%%?Blﬁyany of the

conpyt er ¢5LadAhEoIBRIA idetaadhedhhel AWirtkl xeshd $knBa®ryay4 be used to
store prograns, data, and the like and is typically a_secondary storage

medi um ( Bectovalsicalidhafld miastake tihdern of abovidhe edrapitpi-ioaaiBle Bedirage. 1t wil |
be appreéi atrigd }g%@t the information retained within fixed disk 826 may, in
appr opri $t% &4 Y-be incor porated in standard fashion as virtual nenory

in menory 82¢piRemNAbLE aflb ShufddoByarlaaker hpg/denn delicasyue ad he
conput er -readabl e nedi a descri bed bel ow.™ CPU 822 nmay be al so coupled to a

vari ety dfsplayg/ besbperd &yinoess, 818l speakdissifilayin goucralk ay wal/gu@ud, rnouse
812 and speakers 830. I_n.(?ender:i\l an i .nput/ out u% 1Qdeyi c& TRy, be any of:
vi dd8 di §pYiayRAYdrgeK ol feQ Aispll, T Qe MY P%}gﬁo"%‘é%?p P8tEh- sensitive
di spl ays g fohaRzduee isﬁ%&?ﬁx{aﬁ@ﬂ@&%mwﬂ&&'rﬁa lcti@ BPPapck &R reARGEr S, tabl ets,

styl uses, voice or ha ing recogni zers, biometrics readers, or other
conput er sabld@BUrBRRsppticcomdlahywrityg eogoups ddomettisn otaders, eoathet er or

t el ecommuni cations._network using network.interface 840. Wth such a network
15i nt er f §eBPUiEEs- @Qz %Rfﬁanaﬁ%a?*%e/ﬁ&mwgd %Omeéﬁ?mpgtgé%e i nformation from

the net W%%Oﬁgﬁuﬁic&%n Qdforit ugﬂ%g%% i Metffteldd®. NEItMQAK 4 Retldagx cour se of

performn above-descri be hoél steps. Furthernore, nethod
enbadi mepdterfade, ithecpuenpltedithateint CBE might exevaiognitedn/fiopdhe G822 or nmay

execute over, a network such as the Interpet in conjunction with a renote
CPU t hat OEﬁ’d_glﬁsouéplﬁé‘i“{épﬂﬁ‘%’ftotﬂPﬁenedWBQ%’é]stB?‘l§9ur%?%é§§ml?%ﬁﬁ%%%di nents of

the pr es%@éor%&%%ﬁm%ﬁr tﬁﬁﬂﬁmﬁ?&r@}rﬁeﬂl@d CRBBYILENtSEAhSPRsBitQfGHRnW th a

conput er -readabl’ e nedi Um t hat have conputer code thereon for performng
vari ous egiypixiceiteisojeleupentGR 6p2 patiagrscciThevarsdicbveniduel aplicdnicosiie nmay be
i oses of the present

t hose specially designed and Cﬁ)ﬁg tructed for. th 4 RULDOS
i nvent i oA} CORURHEY W&@/aﬁ‘“én% et ST % PORADRh TG RE EVE Pabl e to those
havipg skill g Q%&EBH,‘%MHBHE&E oBOkINELAt RbfionEARR ROl GaRUEer - r eadabl e
media i ncl ude, but are not
storage products with a computer-readable medium that 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
{loptical disks; and hardware devices that are specially configured to store and execute
program code, such as application-specific integrated circuits (ASICs), programmable
30 logic devices (PLDs) and ROM and RAM devices. Examples of computer code
include machine code, such as produced by a compiler, and files containing higher

Jevel 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 ina  #



limted to: nmagnetic nmedia such as hard disks, floppy disks, and magnetic
tape; optical nedia such as CD- ROV and hol ographi ¢ devi ces;

magnet o- opti cal nmedia such as floptical disks; and hardware devi ces that
are specially configured to store and execute program code, such as

appl i catdapierSPeGi dnidGepradengnas edpenceod ihar(cABhOhpt arp engnuiahiaby e 301 ogi ¢
devi ces (PLDs) and ROM and RAM devi ces. Exanpl es of conputer code include
machi ne III@@@,SOIsuch as produced by a conpiler, and files containing higher

level code tl 1 rtFIgl%Xv%%ﬁ{tn? ﬁiash%e deQTR g& ?1{ te%ls BB éﬂ gfe%r&rdet er. Computer

readabl e nedi e conputer o ransmtte a conputer data

si gnal  epQai@nisNthere a@@mwrﬁronwa;y@n@mlohg phas ettt eqmsaqmemhmf
instructions that are executable b processor. Wiile this invention has

beers desfallivbgdnitlre scopef this mwélpm ){bﬂ@ﬂ@rﬁi%b%%?hﬁbﬁhﬁe arg FEY ar e

alterati er mut at.i ons ubst ui val 5fall within

t he scopgg"%‘i‘at ﬁ.‘%aYFH\%/HWE PERD H}gtt g%‘?ﬂod}é ggﬂ aratuse%%é’%lﬁé\@%cﬁ@ere are nany

al ter natlh\/&umay%t RfthéIRLeMRRMuEM that AR ﬁﬁé@q@@a@ﬁ@r@pﬁmw&%ﬁﬁae& e present
i nvention. is therefore intended that the foll ow ng appended cl ai ns be

i nterpr emehida@ ilhaich dltergtiens, p@m}ﬁata}meamit ﬂwmﬁlfmﬂmlf-’mﬁ arisll vldnsubstitut e
equivalents as fall wthin. the tr rit and scope of the present

i nvent i dhe UG sPiEit APRECARR ﬂ}%’f&%ﬁ&f { 1. A nmethod for forming a dual
dampscene feature while preventing faceting and fence formation conpri sing:
formng vias in an etch layer; providing a trench patterned mask over the
etch | ayer; etching a trench into the etch | ayer, wherein the etching
the trench conprises a cycle of: formng protective sidewalls over the
sidewal I s of the vias; and etching a trench through the trench patterned
mask; and
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stripping the mask; and repeating the trench cycle at |east three tines.

2. The nethod as recited in claiml, wherein the trench etch cycle is
repeated at least five times. 3. The nethod, as recited in claim2,
wherein the passivation and etching are perforned in a conmon plasm
processi ng chanber. 4. The nethod, as recited in claim3, wherein the
deposition uses a non-directional deposition and the etching step uses a
directional etching. 5. The nethodCiagMgcited in claim4, wherein the
waf er is bo rded by energetic ions with ionic energy greater than 100 ev
during the g&%@é?@?ﬁ%“@@ép. 6. The nmethod, as recited in claim4, wherein
the passivation is a non-etching or a negligibly etching deposition. 7.
The nethod, as recited in claim®6, wherein the deposition process is

sel ected frdm at A swsoddnefonhinghetvatddmasapror fedsproshild praventids Spetingr i ng.

8. The neth%d as %eci.ed in cl.aim4, wherein the deposition step uses a

m xture contggﬁ?ﬁa‘Eﬁflgﬂﬁmﬂﬁﬁgn%. The nmethod as recited in claimS8,
wherein the CF4 tfomkiaggas if howck ke is in the range of 0.6:1 to 1.4:1 by
volunme flowrate. 10. The method, as recited in claim4, wherein the
deposition uses X'Yddinginticuelbpratisrcdimaskyvat thestdulagfie of H2, CH3F, CH2F2,
CHF3, CAF6, CAF8 _as: . I : ; - OF , and
NF3 as the etchi ﬁ?&%?t‘g%?xﬁﬁlég %ﬁé’%‘a%g@%@ﬁﬁe e Hlfgr}ﬁ(éﬁg?ﬁc%anpq%mgsgr ein

t he et chi ngauyels odin et ching gas m xture with conponents and wherein the

formng the protective si.dewalls uses deposi ti.on gas.m xture wth
conponents, wherein aﬁbﬁgﬁgPﬂé' °3 ewa%b%%%§5H$%W@-8Pf &"HepdSition gas
m xture are not m Xxed Wi} AberdcBASbugOtR tRhich ParsRnananis of the etching
gas mxture. 12. The method, as recited in claim1, wherein the etch |ayer

is alowk dielectric stpar the masik;andThe met hod, as recited in claim1
wherein the via hol ) I i .sacrificial filler materi al
prior to the sta?ﬁ&%ﬁngﬁgt#ﬁéﬁ%%i%ﬁg%%%&gF%H?%b process. 14. The nethod,
as recited in claiml1l, wherein the via holes are filled with a filler

i al h %.of th i,a hol e hei gh i h f
[rﬁtee: :. chﬁlogpgs gg‘rhgtns:q{ qr%baigpoggegélté _cl%ilxll?whgre?n thg Iti%nct:h gt(rzlll 8§clé ics) rgpe%te%ta?r to

least five times.

3. The method, as recited in claim 2, wherein the passivation and etching are

performed in a common plasma processing chamber.

4, The method, as recited in claim 3, wherein the deposition uses a non-

directional deposition and the etching step uses a directional etching.

5. The method, as recited in claim 4, wherein the wafer is bombarded by

energetic ions with ionic energy greater than 100 ev during the deposition step.

6. The method, as recited in claim 4, wherein the passivation is a non-etching

or a negligibly etching deposition.

7. The method, as recited in claim 6, wherein the deposition process is selected

from at feast one of chemical vapor deposition and sputtering.
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8. The method, as recited in claim 4, wherein the deposition step uses a mixture

containing CF4 and H,.

9. The method as recited in claim &, wherein the CF,4 to H» gas flow ratio is in

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

10. The method, as recited in claim 4, wherein the deposition uses a gas mixture
containing at least one of H,, CHsF, CH,F,, CHF;, C4F, C4F5 as the polymer former
and at least one of CFy, CoFs, and NF; as the etching gas.

it. The method, as recited in claim 10, wherein the etching uses an etching gas
mixture with components and wherein the forming the protective sidewalls uses a
deposition gas mixture with components, wherein at least some of the components
of the deposition gas mixture are not mixed with at least some of the components of

the etching gas mixture.

12, The method, as recited in claim 1, wherein the etch layer is a low-k dielectric
material.
13. The method, as recited in claim 1, wherein the via holes are not filled with a

sacrificial filler material prior to the start of the trench plasma etching process.
14. The method, as recited in claim 1, 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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