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or 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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Shg rat A va iant of the etching nethodology is
¢ Eﬂﬁjﬁle S191’?§“*1‘3r3’atent 5,501, 893, issued March

A variant of the etching methodology is taught in U.S. Patent 5,501,893, issued March

_T

26, 1996 to Laermer 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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conpl exi t alsomtroduce diffi ulties by itself. For

exampfgdd 1¥1ﬁ§ tasiransier yrithon icrss gt daraagerthe maghpajtern into the etch
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ot oresi st nmask. trans er w
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process o
damascene structure by plasma etching.
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etch |ayer patterns are usually not protected by the
etching mask materials. A discussion of this class of
wet@hiong4mppl i cations is given using the exanpbPer/vb2083/031712
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maybe. .pl aced | di el ' 90 i
TPl afatt S S R VT SRRt P e

chpger BERison. A ViaQenr] SiEEd S8de BRIBRICRARE 916 )49 betpRed over the
contact 904 to prevent the 5 copper diffusion. A via

bhusigelayei 912¢ g tromdhogopoliaptrd2P ($ilicanspehidoaesiliepn ieids) mep e

ver the. barrjer l.a A trench st | a) 920
o ot i BT dieen U Atbrion T Sl 8 de Befumagyer 024
Yk pYdcad bedahe ge@ihatdy 1ia§er 926. AD dafifMebiveMPdr (ARL) 928 may
oxide dielectric layer 924 may be placed over the
be phaethoear dlye frengbdiddetric Japerdi2di Aepatistnadwresistdspsr 93 Nmiay be

plsst O g RRRIBE® AL b Al BEEMEY BomsalinuBiitosion. or
ot né%ﬁawsvﬁh a High ARlacH2EndsyPa th g{ SR chi6080HHidiERON

nitride, SION, or other material with a high
r ef r 6@ Weisiarhdghxleseldldy ghareodiai protaspnsedde fife prios att to Fir@ the

10 i hi gh . | fl h f d.ipth
sl 3o e = Bfelhiieeane iRl T8 P IP g he PiEeLioateen
wisHGEEs @ vid 980 6@k to B0 BatRY R§ersbi (Sieh §004)0 THE ea;hel% of the
which etches a via 940 down t0 the barrier |ayer 912

vis249madpfdn, a Gthe 9dd cwhioly fafnstsidewalls.vThe @u6 Mdyand oesist 432
cruyst 944, [ f [ [l Th 944 e

rotreg ot S el R BN T Ao Bt B
p‘fﬁ‘géﬁle@tonﬁ% la&fdngh (4@1“3{952 69 shoMi BIFIGS oCP qt}éts Rz 9111@ %

rma trench (step as shown in FI

sabjactkd toaan dteh, vehith etchasdh tramclaB64 dohn torhe ditemalims trench etch
trench 9 do o the int iate trench.etch s

slonyarer§30 (vt M A sownh R, et eaimige; B figno Yok ay
cﬁ%ﬁﬁ%fﬁe $iB ekl l@i‘%fe@trﬁ%ye?@% #0r6a958, Qﬁfstfa&fting Bﬁlty\ﬂea

‘ectric layer 916 to tacet 972. This facefing
consitbe@ed andsnaperte theadiatidamgeertestibiered Ulle id@masdiata érench etch

F T AN T O TIE T N —
S TR P B 4881 B ion

tetstrigped dstérs 1 @1H) 1 Theé jtacki 9e) mbpathen B6 Guljegted toerbdsger layer etch

subjected to a barrier_ |ayer etch 25 (step, 1020),
(§p dR2Qpwh heopens ths ViSASOY therroppeisaatacicfih tocroyida the o

' reset wr I
o PR A 8 Rl ey il o & v the
cppérachtatsisep 1002y ps sivsvnsih @G, 9 AlcGpped eedAaymm 9F6 may then be

seed layer 976 may. then be wuysed to coat the interior
ysed togoa thy intgHo% Qéh%ﬁl.a gensty ;ﬁqa(ttméatwymaé?eu@@atq lthe

45 L5 R0 R b SO0 B Bl i
924. The copper 978 may be used as a copper connect for the next level, so the
process is repeated creating multiple levels of copper connects and dielectric layers.
Although the intermediate trench etch stop layer may be used to reduce
faceting, providing and etching the intermediate trench etch stop layer requires

additional processing steps, which increases processing time and costs.
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30 924. The copper 978 may be used as a copper connect
for the next level, so the process is repeated

waee@andqgs mul tiple |evels of copper connect s apdr/us2003/031712
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stop layer requires additional processing steps,
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2004/ 034445 PCT/USZOO 31712 addi tlon i,.nt
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caraciiateg te theadreyismvkion Hasche dragibeelud f dowieg deorfeaalioarof died

nor e tin uenci es i ncrea and .t he
scipispadBRE heione SREFFes bt ECREEoR gl iR e By s tha
aRESEh S8 QP EfEtivER M hat @ ChaRRAve TThdsSaghitbl Ael ﬁﬁ:‘ﬁea@ﬁg coupling

i ncreased | evel "of coupling capacitance to the
capamtanqe le\wﬂﬂ ch has the drawback of slow ng the

oper | on the .sem conduct.or vice., Therefore, |

as. DG i GPuiRE RIS R an Sveed cgB! § iy |
p?cg)%rt%faﬁw Be Afcltd IRl ¥, dMBdHnatctintuse@ RSl tHE dieldfR:

adai nst such increasi ng coupling capacitance |evels.
14yersl Asgetedrahbye, thwedicloctpk laygrsinpanventionad integrated circuits have
[ ted cjrcu d|r cily orti on | .to th
OBy beendomastbaniOn Wit hane EFERF bisfLar ipul BrAs o
CBHS% HhRbeetd 1ﬁcre£§?1¥§ﬁ1§e dﬁtl@@&%&ﬁ%\ﬁg freﬁﬁ‘cﬁlcﬁa's% ectric
grs in conventional Integrated circuits have
sbmaxdnﬂmaboraidv;cemebdecﬁnc tayels dﬁm&d@ﬂ‘ Sl@mmah nétffegtively insulate
di el ectric, constant of about consequence of
thheondpetivelines e ratebrsdris e S 16‘68‘1‘38? Epigpling capaciiance
11;\; Jgguencies in 15 seniconductor devices, dielectric
ayers formed of Si02 may not effectlvely i nsul ate
t he dmadleﬂ’omte réduneﬁletwuplhg cepdostancerlevpls meldtegmt@\ﬁmrcdits, the

|ncre sed c i acitance. | evel.s

A T L S L e R
diab&aE g&ﬁs@arﬁ wvs;éf'tﬂagl y thd SléeW}ﬁMH&h% afermﬁmwomé in
engage I N researc eve op mat eri al s havi ng a

fdimging ¢l dielecivicdayend inl 1Mg1atedr¢a‘nu1td1 A nm[nb& dIZ)Iommrrghnatenals,
mat eri al s are swtalefor use in '

ormn he
igh arerspmetigy Berredfojas @&’r%f‘@%?“@?sr Vgi’?eg%ti%ms% Rythe

PR AT b Wiy AR oY RAROTE] iRl BE] { Bk fic
opsantfli that isdess dinah 4 | Huomsilitasglesniatoae erdsplapfa thef-k médectric,

as, materials with a dielectric_.constant Kk that %s
Wiish hasmdiclectric qopstagiafisete- 1yl Hus COBPesRRamaapl @ "pflugrine
Ao?)\éﬂ@ ectric, 25 which has a dielectric constant
of a 7. This conposes an about 7-9% fl uori ne
dope dAjuftheDf ibieBRtindolasshenowki restesils cobtppaadwincludigk
materjials is coq?ounds |nclud|nq R
organosilicate glass, or OSG. By way of example, but not limitation, such

organosilicate dielectrics include CORAL™ from Novellus of San Jose, California;
Black Diamond™ from Applied Materials of Santa Clara, California; Aurora™
available from ASM International N.V., The Netherlands; Sumika Film ® available
from Sumitomo Chemical America, Inc., Santa Clara, California, and HOSP™ from
Allied Signal of Morristown, New Jersey. Organosilicate glass materials have carbon

and hydrogen atoms incorporated into the silicon dioxide lattice which lowers the
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organosilicate glass, or OSG By way of exanple, but
not limtation, such organosilicate dielectrics

WO nalsiet4CORALTM from Novel | us of San Jose, CabP¢TORIN0H031712

ERE T T L
shelt Blnieis bypacdlly™ 30, The Netherlands; Sumika Film (r)

avai lable from Sum tono Chem cal Anerica, Inc., Santa
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RUTCRIS B8 Pl SRR 4 B SiPURES A hGhe fusk
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2004/ 034445 PCT/ US2003/ 031712 density, and hence the
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t f t Il .3.0., . o
G Pl Ty Stads sy i ot iR, Bicguioilfer s
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damascene structure without a trench st op | ayer and

digdeatge kaybioll20 m&y bii plpesdtoveithe hamigntager 1 111204‘s1rm1y1b@1ect1ve layer

k. di I 110
REF5 T3 el b Vi Db e g d 1 Y B s
wiye@ hest flag bk ?}ﬁ@éd D Bhe ARMI1EDECTRE FatRAddirBist 1AL 132 is
1112, typically, but not limted to, silicon nitride
peftersied icprovidearit HEAO, whichie ctgheciatp o daw-kivkelearic kyer 1120.

104 .t i ff k. diel
T gsitedaBh TSR Pheard et bRamey R jay S o038 btafoa
oRer ﬁaetAm@ﬁ 128 lab ViwiAeTGHA B( ARk selea&ﬁreaﬁm erPll180 %dpatterned

over the low'k dielectric |ayer 1120. A patterned
to puivade a tretyobrl 164.3@hiok jstchet ante (ﬂheokbwk thieteciil layiet 2820.The

D St saiboe e tinh Fehghat ubaiBerandihe e of
4 BYEE ditledBic, fakbEng EBSh thid¥eimpld ARy ibe lﬁc%éaaef@ ds@ﬁ%&tm% may

second patterned tesist |ayer 1160 is placed over
cARie thé 28ypeasvishlowouldrberisésl tb1i! i 111 ﬂﬁh e1awddsmich ¢ bstoo close to

160 tterned 5 to e a.trepnch 1164,
hpdhnd comeeelaBE] HEsnEelP et Sfrich SEepoTaBf the
Jpgcause of the absence of the internediate trench etch
stop layer and the use of a lowk dielectric,

f acetTafpciliate understhnding FaGpl A mw@essrs&ﬂc&mlsmﬂw dEpatt of a
e, the cop be used to

L .
et i pRRResi i o aiarisesn SR oG & o 9 ygand hsing
él%me fiefRMAA it ABnraciNnd4 BRY 2 BcBRA bAREGAI6 A be placed ina

di mensi on of the bottomo via. To
lowdedisteatrati lagpr 1E0Covet 2Avafer 1210r dsdielseteit ibamir laybemlaf
art of a wafer in_the production of da
Spicalbh EF@%W&%O silicpr pldeqrsgiqon rarbide, may P Bljccchover the
fiq S
A0 SRR 1ot S0k SR gy AigRd

dielyeric 1368 lmmnaﬁb@\plhmd a2 the bécribr #dyect212c Higt 1240rand second
Iaﬁer 1212, 25 ty

ot limted to silicon
Wﬂ%ﬁéﬂ%}fb%f?wl?e@dﬁtocﬁ? iﬂ%vdlé dwﬁ@&wodéyem 14é@dAdpEpm angireflective
coating (BARC) layer 1228 may be spun over the low-k dielectric layer 1220. Such a

- spun on BARC tends to at least partially fill the vias 1240, 1244 and form sidewalls

and plugs in the vias. Generally, thinner vias are filled with BARC to a higher depth
than wider vias are filled. Also, more spread apart vias may be filled higher than more
closely packed vias. As aresult, it may be difficult to have the vias filled to a uniform

height.
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first and second contacts 1204, 1206 to prevent the
copper diffusion. Alowk dielectric |layer 1220 nay

wheomploaiesl over the barrier |ayer 1212. First RCHOSZNS031712

eco ' '
i ot 215, T oVerBs SRR RS WP ol B fhe it ¥ enches 1245,
128BhavecheeBAiRbd. | BlyapreskA2Bo IBAR Oen sipdaoredted fogedsABSK, 1260

dielegéﬁic | ayer 1220. Such a 30 , spun on BARC tends
apd, 1B pdqiggn,fageiingi1263.y1 264, The oyt 9§ fapoting andiha sige gf the
[ I : ' '
T fRETe CGtehCon AP HriBhiind BARTE M fSTure iR AR B ARC
htightmay dause vibasmiforen facktirgthndAbses. ThE fnS@rmBaAtbePardss
vias may be filled higher than nore closely packed

legatign, valdich may sayse eleckowgragian,dioids and|other drikisgse whish may

bl bRy Se e sl @b doge 1 00 U e
of part ofnhiditivefpiig filihg end stEpEing adds24Ritichdbebshav@ complexity to

been etched. The presence of BARC in the vias creates
thespreeess flonp In pddition.sueh piugs may cryse diclqchiierisppingig2pcoming

. ] i of the .. :
o MARRIE Ol ph A, B0 BB iy o inrease in D of
vidigsled duetto ePssionby theshaniBARGubh AefagétingTehe RakBe of this invention is to

non-uni form faceti ng and fences. The fences nmay be a

PEQVER 3 genesie apgthod fonpicking gdjatergis e laiceet # $agk qfflaersle, obtain a high

§ ‘ . Coh rmy dimn o .
AT i —.
ctheig drddirop WAd highlsélb@ivatgdo SelhiRinptmaeeds agtll hofathe stop layers.

costs and conplexity to the process flow. In
Aedlifiquiadlpy, thisyayenyion gends jo pryiie agearicmethod for deing g ldteral pattern

comn Q di tri aterials...Wihout. plu
BRIt e S} el Eh g U hinB s pat gy protected o
ihdfiddely protedtel Oy @sactridl GilRF AStedial, RMthEBRCHANIBIERral £4F (bss and
as faceting. The purpose of this inventionis to

demage thethg etpbdeser tatereliaBienfor etching a feature in a
| ayer or a stack of layers to obtain a high fidelity
replica of a lateral pattern formed by a masking

material wth sgomarscos PHPRDIVENGTOR ng ani sot r opy

and high selectivity to the masking materials as well
as t d'advhieye the forggems.and n augdidanemwith she munpase iofithemtrésent

i EPar PR iR Bethvet trobdbabeEring Jydk is
préialied. SA PRSteGR¥ 24yREsBYrmh diCorAxpBEAGuPRSH 03 ﬂ% A@fing mask and

protected or insufficiently protected b
veritse] fifewalls ofithd fsatureawith h ahssiviatiom gas mixtutal The faarals ¢bihed

0S nd, .damage to the.etch.layer |ateral . patterns.
3 P o P ot cot R g Lot v
cBihbhd dheAfiCQ bARROBasibhd pdstiGatiilf BRRAcRS the present
invention, a nethod for etching a feature in a |ayer

t hr odghnetheranhvidimgentmé khei isvenpionydnchpgaratus fomdteting » tayer under
| ayer is for n _expose rfages of.the etchjn
A e, G B RO 40 L e
PRERSIINAE R P BSmPrisihe'h Bhanttt® WaBiadbihiRg h 1RGNSk essing chamber

enclosure, a substrate support for supporting a substrate within the plasma processing

chamber enclosure, a pressure regulator for regulating the pressure in the plasma
processing chamber enclosure, at least one electrode for providing power to the plasma
processing chamber enclosure for sustaining a plasma, a gas inlet for providing gas

into the plasma processing chamber enclosure, and a gas outlet for exhausting gas
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25 through the etching mask with reactive etching
m xtures containing at |east one etching chem cal and

W@roH@ass one passivation chem cal. | n anot her PCT/US2003/031712
[ j i - t . '
SRR s RO L SRR IS0 LR B B

asdippotch&d ghy scurceubs proaided. iAsfingt eontrdedalvinilds BBnnection
processi ng.chanber conprising a chanber wall formng a

bprersmiheyas delsisofiibe RlpgmbRiocT g shrpberaad the dappsitipages source
atd RRQohd (BhrYRRE" A HDQ @nittish fbg&gere}gé%e[gag iﬁlgteofﬁfé%glg?ma

processing chanber encl osure, e regu

pfaessiggtiaatbiengnd the eph&s us sourde drb Propided A codtrellesinigllably
chanber enclosure, at |east one el ectrode for

copnsgied;tp hesfsiesoniral Yahee, Bieasspend sonbelbgdyen gnd thamblepst one
[N I | for .

FREOE DSl e SHRA TR o8 e Bedftan il figa M orovided
Tescbeputeereaditle megasoniptib@tcohPited x&uabisle ico@: BasdpehiNihe first

2004/ 034445 PCT/ US2003/.031712 from the plasm
cppigleabierfgr #Heatbete depesibenster fosprpyide indlepositionzas deom then
SFASTIES SonPOth A0 BRI ARMEEP RIS BULEE v
cgésfor Blogingahe tdtendéasichvillefr $i5d ftdeRhciERposiih §tBSto prevent

deposition gas source and_ a second control valve in
etohiyeeas mgﬁeéfhnkgeﬁaﬁé@ﬁcq Aemcpateringtheg plagma processimgphamber

\ oh
SRR PO ST HALISHS e
oht e&hingGMdp t6 lprorade/s etélits sackda ﬂdeﬂéHi@% gasabiRe e pldiena

at |east one electrode conprising at [east one
PprcseeRs elranthes a8 apupeer feadabipeadeppengizingthp polegad ete electrode

Th [oF | e di,a ¢ [0S 0 ter )

tq By AR DS AR LTI B P B R SR S stshing st
at | gashotBBeniR@AR 0PthePréent ifvation] HRehod EROBIHhIngR dual
gas fromthe 10 deposition gas source to the plasna

demesaesye fqsgre krarrbeided nias sreriermedimpntegoh layend Abfrench petdierned

f or .cl osi th d [, f t Ny

o bR g R ISeE R R VBl et B2 R iRghencn
cBinphikétth @Rk TTtifg hfodsBHOB kB AL &WRE tHRIARNRIIP bPGHE SHised
chanmber ‘encl osure, conputer readable code for opening

ctdhengseisenvd thongh the tieatly patfeoredamaske Jbe mask & thercstiipped.
step,tQ ovide.an..etchin as fromthe etching. ga
sour db S ARNE Sohs Rt i et o7 shfind S aver
UGBS REh TeAd APERICHE ayBPRIsEpFdritd tieuBlrdERToRMA. A
electrode to provide a bias of gréater than 250 volts
plasmratpgocnssing claneber drpravided aEhe plasnaprobéssigg shapber comprises a

b Sl R o RAES e EE ST B PSP e PP for
saporfifd ABEbstrRtcaNRA &8 plavR pro&s;‘;iﬁ%@l@i?nﬁé@%ﬁ&ééﬁ%j gﬂg%ﬁfre

r
i's provided over the etch layer. trench 1s et
rogvdater fonecguiating tltp prissuterie tlirdpladie propgssing ebambeneatloswt, at

f ' tecti i d | th i d [ f th
IR S erle o AR BRER PO HGRE RPCET BReRapReT @ilsre
fOBfKtainthea BE&lﬁa,:t ag%ats hglB: 1oF proRRBEL gdsn@RE H8Ema p%o(c):?ssing

mani festation o he i nvention an n appar at us
charohénagchostirayand a gas outlet for exhausting gas from the plasma processing

chamber enclosure. A deposition gas source and an etchant gas source are provided.
A first control valve is in fluid connection between the gas inlet of the plasma
processing chamber and the deposition gas source. A second control valve is in fluid

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

8
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under an etch mask, wherein the layer is supported by
a substrate is provided. A plasm processi ng chanber
W0 somnsmisied. The pl asma processing chanber copP@T/USES3/831712
ol NAEBEAOINRL cdrB6IILEIY okt @5 WGBSR b cond
encl osure, a substrate” suppor or supporting’a

cenths tvabvepand théatrledsh enptlastrale p The esgioligr coiapises at least one
encl osure, a pressu regul ator for regul ating the

PHICEEOn AR PomRYiR T dableanslis cBaesgompuierarasebleavrdineumrrises
c%guﬂe??e%&ab@@@ocﬁl fgxcéicl{?g% thOFirsP F@n\ﬁoq 'leg? PV [ea%toolntre]a !21%50 sétion

sSma processi ng er enclosure for susta
siebas provide adepositibepasf fosm ficaddpdsitign gaSsourtk @o theelfnas ma
processing_ 30 chanber enclosure, and a gas outlet for
PESCRETRS ThaEIbgRENCIqsBif, EPraD RS ARD] e St cleping-the sesend control

vEREFQSHE Gt 1eddt gﬁé’g@g&‘u%ﬁ s%??% ?&%rﬁ%t%]ﬂ%/%? Vﬁg}nlg it %ir(]ahchgr?tsgas

source are provi contr

sbirué Gopoanieiigitheplaghypededstig dambérdnelos@t, dndeoplpasiiReadable
processi ng chanber and the deposition gas source. A

cede-ton @perang theiseqpap wantrel vialyerfpyatdeast ingHFtepn perde an

' ' anber,and the
el a8 aoLEL <fniyos PR SRR AT TE B0 FOSTRE0 8
sour qiesefandQiiict @an@es 655the prséMlihaitivn #ANBEaésedbdDinthéte
first control valve, the second control valve, and
detads helowan he datraled desaripbiee of thednveptien and iarconimptiorswith the
i (“%gg%t )pe  processor and conput er readabl e nedi a.

e C uter readabl e nedia conprises conputer

readabl e code for opening the first control valve for

at | east one degositi on 5 st&g to provide a deposition
gas from t h&REEdESCRIPTIQN WHE:BRAW]BK@I asma

proc [y renc [ conput er readabl e code
P! 00 S8 ARGk DAL ABHFry SR ol EER G PR
Iefietidepiashd figesSsRe hotpatang dRkeiisHad @@&hidhalRetrBRrence
etchant gas source fromentering the plasna

nypstedsEiferdo similap elementsland ix whichnd conput er readabl e

d \ [ h d | ..val f t, | t
one. &GS TR cbaTREGRIEC CRE W ardhpl ooyl B Filive
ﬂgbqggabﬁg@§¢ bgsge to the plasma processi ng chanber.

These and other features of the present invention will
be ddder$ BAF g sphsmeatic daaves dfshpiroatiomoti sneonthst hole dehture

t‘?drescﬁ i?lgttﬁ'lon .ofm%he invention and in conjunction with
RES™ PO DR Rt POUPEs. 15 BRIEF DESCRI PTI ON OF THE
DRAWEINGS3 Thefldi 8BADGS A 1iO&Htive Padsivatibh HSd Eidh BrbcBY. Way

of exanpl e, and not by way of " limtation, In the

f i guide."»#Athare sclompiavyewspdhaftiimgisomefith ¢omtashhalk ukink ¢he
.refgrence nunerals refer to simlar elements and in
TRATERE PEFES: s 1A-C are schematic views of the

f or mati0%)is0f scBeR MY A6l o QlsPstéB M hfy b8 Qsd icthg th
prior art prsgcess. FIG' SSgSA-F are gchersra%?%%gwsg of
mveatipor mati on of a contact hole feature

FIG. 6 is a micrograph of a plurality of high aspect ratio contact hole patterns
formed using the invention.

FIG. 7 is a micrograph of a plurality of high aspect ratio contact hole patterns
formed using a prior art process.

FIG.’S 8A-B are schematic views of a computer system that may be used in

practicing the invention.
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t hrough another prior art process. FIG 3 is a flow
chart of an inventive passivation and etch process.
WO R@40S1447- F are schematic views of the fornmat Pormsiooazoslnz

H .
o ol GEFTAT i bear B AR AR R TDE bt Gopascene
fé%ﬁﬁ@ﬁéi%hﬁ&iﬁé’h?gpﬂd}\éﬁrﬂrb&gsesﬂ G 6 is a mcrograph of a

plurality of high aspect ratio contact hole patterns

f or mEHG.US ing highdevel flomt ¢hart.of 3@rdeiesd usgd irsthg priot aw ¢y Hopin a
plurality of high aspect ratio contact hole

db%hd?l@laﬁ%enefs %8 using a prior art process. FIG'S

8A- Bra &y SR bfosy. 's&%nélfvw%vscd}ﬂ%tto% waf&lift fd ;8dudiBY of a
be used I1n practicing the invention. 9 WD 2004/ 034445

dBOFICEB290RN 08 WithGut aRkéBch stopAayfer andusang s yek siml¢dtin akcording
views of a stack on which a dual danmascene feature is

t¢  PHYIATLRIRGSpri or art processes. FIG 10 is a high

| evelprdh o1l 'Eal@tac%ss@e&fo%leﬁéw%%ﬁsh bfla t;vtafermma préductibPof a
forma dual danmascene structure. B are
demasens statctura sdithvuteasench stoprlayen ﬁndausmg etow-h dlleﬂex:tnc according

production of a damascene structure without a trench

t%?%hqré’ﬁléf AL REPCESi ng a | owk dielectric, according to

a pr 'P‘i’? A s ahh 1%%51 o%&lgﬁarﬁoﬁgfﬁeﬁrﬂ e%r?&ﬁﬁﬁg §ﬁﬁ£l'd%ﬁﬁgcene

view of part o I'n the production of

feﬁm&sﬁgawaﬁtscsd]nbmewthout a trench stop Iayer and

usi n% a lowk dielectric, accordin 10. t o, anot her

pri o l4rt Ipyhdtas e craspeectipaalidows pi Ry QT BPSHIQQYE fafp vhich

al ng a dual damascene feature

u@%%@éd}%a%\éu a #‘ﬁ?tg{’ylgfcf: erre FIG's 14A-E are a

c r os ﬂ@e t3A oephovirmiesogpdphpeatcrask-sactombistiewtod a dvelr dantakscene
a dual damascene structure is fornmed. 15 FIG

f?t%‘ﬁlfelt%atélabh?ﬁl&tﬁhﬂié% RS b thg 1p%egEA-sect i onal vi ew of

a dugf | ngf? Qatetﬁjg and QQEP %éclﬁg éﬁaﬁqstgﬁ@@uﬁhﬁlﬁggene feature.

accor I nventi o is atop and side

perspective view of the dual damascene feature.
DETAI LED DESCRI PTIOI\IOFTI;}EPREFEERED EI\/BODI I\/ENFSTZO

s h%‘;)‘?é%{?f; gén%o@ \$1ﬁowpc{eetfe§<fr[b%g weanod wﬁ%ferahgfoeﬁew

as il tra npanyi ng dr aw
preferred embodiments thereof as 111ustrated in the accompanying drawings. In the

following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be apparent, however, to one
skilled in the art, that the present invention may be practiced without some or all of
these specific details. In other instances, well known process steps and/or structures
have not been described in detail in order to not unnecessarily obscure the present
invention.

The said invention is a new etching method in which an in-situ passivation
process is combined and integrated with an etch process to enhance the overall etch
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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foll owi ng description, nunmerous specific details are
set forth in order to provide a thorough

waoinaansisandi ng of the present invention. It w PET/D82003/031712

aﬁ%&ﬂ{nﬁg}las RFY KL reﬁ %uloatlgnb Z‘Ee Paglg b&gkﬂﬁ?r}?ﬁdceéss 6%%h0(§?n in

sen |nven 1on na

sédH a Wﬁy 2ht 4 s ab I@Qﬁiafdrﬁl &%hﬁgd 18 forhiedWntRé miabis pAREL O
wel |  known g ocess steps and/or structures _have not

predi thiowesk foer later deh erpsion. anfQJ@lﬂy,ttbls Win copfingcis of amatcgnal
G BT RR b RGP ton R T TR P v

r&Yi &R Hsanl the HRSPMARHARN Gol BfaRE]E aedrbohirithaning{I6]) containing
process to enhance the overall etch 30 perfornance

Vet lnge ngmeupt @fa&hqrfeimqmgs samips used to/cagiha photoresist mask so
ness

R BT RN ERERS i b Pl o B b Aibspdlbnt Sk Process. In

oHRR Hoids, RRhPERE et fEte FBRFOsItRE owﬁ{el m#ak fabternaEh tadthe mask
si dewal 's of etching features, uring the etching

behogs bks b psrudDhieidagpsk, rhagmg@@rt@ncbhn etebing (éilapilcti:slﬁims of an

h | t ti at ed
osrein e BFETanh SRemreu thEbfiruin Bodd oy atsp o used
139140 2904084 4456 bR DRHIG, 1Bt NS BLAP™

for a desired duration. The plasnma passivation process
compehmtrs ol and/og weptrirg thapaskipatteras dhinagdd/drodedfbyrthe priometch

coatings is.formed on sk rn to rat ect the.
sF. P e e S opze B ashuyt HRLE faehcttis
HeB8hdiNGo /a8 tPhotdo ARArhd Bhe bAIARE obBiircd IR el difnJbtbh)
| ater stripping process for ease of final renbval but
nmor e Tdmdhchnfg gaesnigtuam continmetrirat spesies aud efr leadt one passivation
exa rbo th|n film..containing very | ow.
SPEREodisR ASt ore e Rt Sverized Wi TBesvition b s plohine
B R U tratmﬂw &chﬁlg % pREREES] &ﬁnﬂﬁ%ﬂftsfzﬁ&{%ﬁﬁ a'pfurality
not easily eroded e subsequent et chi ng process.
df rmtheoptwessmg@sdmons dhfingg balkaheeddo aﬂaw apdimps processingf
th ern such .that the nas behaves |ike a
RSO Ch 4) ISR ER Y el PP L CaR s ge. The
f: .
6@&%%221?%%% B B A A R AR s o
keptlligh it olﬁaunﬂngl walyratdnatd gdod efahinppenisotropy irt smealt dibrensional
coati ng.on the mask ern | ar gel conpensat es for
shngiugss- ng‘ﬁﬁf‘?sé"aflﬂ aﬂ‘g IB&F?‘EJPH% %ﬁ#ﬁg@aﬁ@afd@éaewome
r8fidrRfed $he BajpRERERAATh IBRIERLALL HE cloRBE LRSS OF the
coating to the sub sequen ing rea t|on is

benefTefaallitde vaderstanding, FIG. Ristacfiiow biearf ofivm dmaiodiment of the

obtained in the etchi.ng ste The et chi

iRy satigRe FPHE PaasKhs V@ﬁ@@ﬁéﬁ%ﬁ@ %ﬁetflggg(ﬁteaﬁ@‘l) FIG.’S
PRFShY ?éh'egﬁtlc ﬁﬁl@ﬁé’cﬁﬁls%?ﬂ%ﬁqré&sy %1d. 93 GSRB&}Q a?ﬁ%ﬁ‘éﬁs?mask
assocl ated wt assivation gas Int

4Hdewhichriys bé’quaro‘aﬂed)omﬁn b}hde myelhct(]ﬁ;go be e’nﬁsﬁ,lwlath Bron a
nponent s, . al ong | ur al of oth

Sﬁg%'ﬂé% sTlP*FgS“@étﬁ%i? f5 18%&65 H? & PYQCR3s) %‘ila%lEPfa(ﬁT@BéO% achi eve
opt i Ny BrLOS ?c“h%hiﬁﬂc vicsd 4 océygﬁbn@f%r @&ﬁfh%[ ﬁlﬁgﬁg used in the
etc Ing r te etc.

seIeCtIVIty etc ani sotropy and
prbferred embodiment of the 1nvent10n In this embodiment, the plasma processing

chamber 500 comprises confinement rings 502, an upper electrode 504, a lower
electrode 508, a gas source 510, and an exhaust pump 520. The gas source 510
comprises a passivation gas source 512, an etchant gas source 514, and an additional

gas source 516. Within plasma processing chamber 500, the substrate wafer 580, on

11



20 el ectrical discharge power is kept high and the
energy of the charged particles is also kept high to
wobdoaioss4hs gh etch rate and good et chi ng ani sot POPYS2003/031712

wjx??%&lﬁ g)lnge 3%739 %%egosﬁeg,el E) ed}{ﬂﬁré{ﬁ%ﬁléeéla%le%oda %68 The
16vedrte@icabesls wdc@@bméseduuamb kubisiiete@BuFNiRE methaisnt (6.,
etching task. To facilitate understanding, FIG 3 is a

etectioptativa meckimicsh clapping, aethe like) forboldmg the swhstrate wafe 580.

TRl SR S PRt iRl Blr e D opb oo Y

o\%ﬁodit%@h@l‘b%ﬁ 8l8ctrddeG084Ahs RpWE clecb@ U8 Sdvidr clBREKde 6% and
i ch has been & ovi ded on an oxi de Iayer 408 to be

confiranknt vihgcH02 defipa the confibed plasma vathmeSdbs ﬁaawesupshed to the

I d.i hanb 30
BrfEtat Oy RiRE P Barreolo iy B nE amty Spfustca
1636 thel Bnfif plaPn PV ALAE K186 LR o itineaf rihgheS 0248 3h ieQRaust
In this enbodi nent, the plasma processing chanber 500

pourhyrthe edlaustmfunmefr?é)ntTheueﬁg@ssmnp a20 fopper gek eutiat &téhe

I l.ect 510
R T TG S et S E A gt
PBESINALUOBOLBA sSEIHATEF Skee SUR i€ LIRDBIBAILBE@TINSAY 1S Io‘Iwer

and an additional gas source 516. Wthin plasna

ghactrods §0& oCluAnairen evalls 662 define asplassma encloswesfie wis@0theon 11
WO_2004/ 0344 PCT/ US2Q03/ h th
ORpEmont Nags A0 (g proecolatate O ama e fo ek BRp G 08 are

iR asten BBrsiTRE soﬁr@é’\@M glaant 5481 RE&olRe 34D a3 cBpfise a
sui t abl e substrate chucki ng nechanism (e.g.

2 Mtizposteasduwrse andchaNMEzapovedr aopice different I:mmbmkte;ns fobr

hol di f 58 h t

qOﬁJe%?IIB Riae ot erogs SEepouie sharetins Eetan oo Bc
(Z%nﬁﬂ&% %Iatd% by TAN RBEaré @&?gfsh%gﬁg& Frif8nt,

upper I rode 504, | ower el ectrode ,
(oadrfémwemmmbe usedgs a peFemiet ¢émimdithentod td 1ned1tqoha$n®ntroller 535

5 Syl spaReRlee P e Bebi i g tceeoph B sBures T the

%xﬁg&’é@%ﬁ?%@@ a ﬁfsPSBﬁﬁ?vﬁQ@g?sﬁ&gm%t%mhéf QbptRRidn/Yal Hﬁle}ce

nenment rings 502 and an exhaust port
H2hassbng vogird 28lve AR centizaied to the rrh a8 scbmrccﬂSlé‘a agdis thll‘d

outlet for the 10 pl asna. processing ¢
RptrebAYEsHaaprpected odhe b ‘I“IIV?&%?r?Hg@Fgggjco The gas mIﬁ)

F ' I
6FRES 8 Tt o BREORSI TS BOUIC AR Pl ROLCRLE b dosure,
ASEovdﬁrhaaadenay ipd asinectediol the gasanlen54thiThle ghdimlet 543 may be a

onfine i ngs 502, the upper §§ectrode 504, and
eIné ?“é‘P Sﬁsr BYEFesn e gentdnlehios each 3§ SPUTCR &Y 4 Plugality of

151%‘[831%95&:@1 féﬁ.é gg}éjﬁgﬁer RN HhbRauEge 548 may

conpri se vver source and a 2 MHz power
s our c& prddedtive lgyet 4tbmti‘omadd1 annthe photoresistiask 403, Rshoomein FIG. 4B
o the el ectrode_are possible. A nodifj ed Exel an 2300

(o‘eew{‘)ol}a}s Deeler e i thedRpostian beasamsiriq sevh#dBe aipewnt of deposition
1@51{1&'&%%@{%3%13; mbfeAL masking material. It is preferred such a process is aided

by the line-of-sight of the location to the deposition source as well as by the selective nature of
the chosen CVD process. In other words, the deposition chemistry be chosen in such a way
that a coating is formed preferentially on the masking materials due to differences in the
chemical inertness of the materials. As can be seen in FIG. 4B a thicker protective layer 412

1s formed on the top of the photoresist mask 404 than on the oxide surface on the bottom of
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California mybe used in a preferred enbodi nent of the
invention. A controller 535 1is controllably connected
wo oootfoss4fis r st RF source 544, the second RF sSoupCERUS2H83/031712
i I
o BoRRBABME by DUET e b 8 Ll M e
exnbodimeht, vad depo&86n salone irt-gith ihanteeh cbmbeg@sngsoehentcal vapor
514, . a & athird control valve 541 connected to the
depseitiond AD)Paacess HyEeh Hipdepesits 1A prfestivalaser quthe pidewall of the

r o i I
PAASLEODEREPE.SOUSAT5, ML orkd iy AU L HE PRI of e
déegwsitgpas i nl et 543. The gas inlet 543 may be a 25

single inlet for each gas source_or a different inlet )
for  EnehergmRbadnete B PropFhesPrdijiopymay bt ehagsedio vapxthe thickness
. d | : .
PSRRI P U pRRSHI et MR e il o
tA€lder costingvamhe sidewalGof #HBetchivigapudifts as the etchimy gbedede deeper in
that the deposition be asymetric so that the anount

oFsfer Hepygtect the stehing Sryetefrom dydhes distertipy byfhesubseqpens etching. A
S5 Sl B AL BB PEGRERG: fring e

sERP0S btepQ theSNUESE caslitidls forgmstiyatidhemSebesitinviged vl tHi€result without
of the chaosen CVD process. In other words, the

inferirEe Widh therpiqhing Pr9ces& chosen in such a way that a
£ .. at i al a i . .
o BB P LA BB n s

thaned: 1. NBsgmplks bdepoEiti6i tlednsistrids thatiak Be a&@foi QVE fzay B8 but are not
a thicker 1Jgrotective | ayer 412 is fornmed on the top of
¥

ligited gt ldete SELE ., kablel 4A0417F Head sEnCHae bk Gl (eHlaeterind SiHy,

R R N e D —

chibeh e4tRSdfSio gres: tham2:4 havigioat BEihg ﬁmit%&tbzdlhdaseﬁ it is bblgeved that the
deposition is done in-situ in an etch chanber usin

a
cetberbesed ohapisiry famprosthin ¢eh yeswBnt pRowhews cafrndaya %be silane SiH,

de its hin protective.layer on the sidewal.l. of

(RS Sa3e S BRbl ey YR B2 phberRaBlE lo gy pyer me
pholr&Rer Byaddfionl the\wrdtectiveehyre triayhhye BdenmiksdifiecPwith the presence of
deposition. In other enbodi nents, the processing

sewa &fi aniddh sompgnepts. digpirsance i wiey elementshsush ae Esmaphelused to yield

S0 P B B BB R G e prtereniaty on
008t M Ry oth&anstbdavwahth & orl the pREGIUSREMALK MeteHAR Subot on SiO,
the etching proceeds deeper in order to protect the

lsstes inder apprapsiaterien bpwhadmenh eFhedhinesstand gtobyesigtance provides a

PR B3 B R Y AR L BEER M gpgettin o
thd ERirbd fAhRe sIEHRATTRS nSHIRIIS, subh 8s BRRCARS neAH dsb®RSdeposit a
for passivation may be optimzed for this result

prdtetivigtlayer an dref photergsistiniask bareetchingg The passivstioxtep isgn

.the d sitio e fluorjne-to-carbo atj o aof. the .

iEERRRT S UEBe e oot P SRl Shrdhindicg of deposition

%@d@,%‘ﬂ diFRRnE BERnE ta%plﬁgﬁﬁéﬁwf difteReniesdls, vifer YR d@@éition provides a
e, but are not 15 limted to, CH3F, CH2F2, C2HSF,

PB3Eftve coiHRaro@Mithe eizhing feites irchiding @8 HBsking deaBirkklysing 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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Si(CH3)4, Si(C2H5)4. It is preferred that these
chem cal s are hal ogen free or have a hal ogen to
w@a0obosu4nmt i 0 of no greater than 2:1. Wt hout PEI/N§2003/031712

m;t t he " I3 EsS. belieyv
AT 0G0 e B ASHRE . S e e
500 RAchRMRler mhalss ibe A&l tSlchtroth@él{Vdfeb Predsieel Ha@ksﬁdH & cooling

an amorphous silicon Iayer (or polyanorphous silicon)
posseyre; the biag op e fmbé%iitgtand VArlesdemperatureshe prote ct ive

Iaye
sone

gg’%ﬁd ¥a§%be Oslggﬁt ' f ! eaganﬁ?t%rg é% %fb%ii%ﬁ& fd pass1vat10n and

Bdne R Sin tﬁ@ﬁﬁf@fed%m%aﬁn&@oﬂﬁ@dmie@um eld selective
activity on different material surfaces such that

dep03|t|on occurs preferentlallyéﬂ@ﬁI one but not the

UL h6I IID.L CI I lII IUl

material s buf PFF(E?H%%{@%EZ M g)rrg Fler k%ﬁ?%rﬁf mefle
i on bonbardnent. The thlnrqgﬁ_@nd etch &t ance
provides a 25 protection suff|C|ent to e5|§u

et-chi

KihoVoltesi st eb6Ovalts darmge >a1ﬁ1) ‘tdiisn eno ngﬂaom | ow

nﬁ r\f ha doci rod hadc |

e hoetes sput{ o A, mmy bd ULMFY o0 deposrtORSy.

protectTve tayer—on the pnotoresi st nmask before
etching. The passivation step is an independent step

THe Yifemey bpiorhied b5 pldsingta dmytanﬂmlﬂag@bedwééxememﬁper electrode
conbi nations of deposition gases for differe

?g’lolz‘% theguhgirats ek g lower electendegloshihe sabsbiaten 18 th%méﬁege@ he
n?@q%fﬁéﬂt?eagé%bé:i%%%ﬁlv&? ?%Fo?ﬁlké{ n GRALL A SR QU tﬁ@@afer

ures I n € nmas eatures u

BHBEHD Ktﬁereﬁyl bpplsing ti@so sm Wwathi) by a@ﬁWﬂw ﬂ'@mency (RF )

acco

mplish this _step, the controller 535 may cause the

‘gqlia% suppliod by g REoayer sweaaterepfsgnsﬂi%ﬁlegeg@ctqu@ﬁ%wﬁg the
eglve %cq%%eggﬁrtﬁz?e% rt arﬁg' a'le %ﬁuctapg bﬁégcgﬁﬁﬁtratg Q?E[H)e(?{ergy

usi n € Seco

PreMeRdd hiothe %Iébtrﬁgl @atifityasonirbked g thbanipligas of dierRIevoltage.
514 fromentering the process chanber. The controller
B 5% theasfore) Bessibie iasupDyAnd 3@ 4l wEhrExsastny gacrgyby controlling

E8 i

e

cont rNbiteﬂlemedeﬂléﬁ@ 4bg isugeRd tigoagnthe photobeiswaiask 404, to form a

pressure, backsi

fenlarsdilds vs shown iaddGu4Ei Birhineeapp

He cool'i ng gressure the bias on
pations gy inchriee byt arenet

HRAF 2 Aok BRI RAFL Sby BRS 3] bRdins

esHaeloMBBtchQfic (ARallow &iddep)) selff alded |coiﬁlé@tfe@cﬂf gste BaRE Bpen
More Preferred st Preferred Range Ran Bi as

stoh,tcaglactaoh, win dislestrieGtrhy dyal-damaggoe viglof d‘@rl dgmgyeengyirench

> 100,eV > V .The, bi
AR Pt IR SOt s R B TR B i
ABRYEN LRE, SIdEHdALR PBEingd PRYGEDIS! BE bichUSesehigvidnhBergy to
substrate. In the %mgferred 10 enbodi ment, an

[

plogisiera d;mctlmeg atchy

9 eishmaygemoyersanael thparoieshize fayerd12, as

oA L "R OP fhe'P? protectwe layer on some of the surfaces may be removed. In this

spown

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

partially etched way or completely etched away. To accomplish this step, the
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materials (thereby applying a bias to the wafer) by

applying a radio frequency (RF)

W@ MOOR{G&}GON\B r

oEeP 334 by

IC&

i tude of the RF voltage.

gener at or.

vol tage supplied by
Thi s has t he ef fect of pdr/astmng 031712

Cls R AE TS LE b R MR G e e gufom

tHbyderBﬁu@xh esd sfo'ufo‘é' 51Dead ihesprbyess @lﬁﬁrﬁlﬂejr 580! vanilel cﬁﬁsmg the second

15 1t is,

t her ef or e,

VB]GQ $89 Itcealicryv themithingaged fipar thetetrhaintcgas barbas thterfloveinés the

cont r
oiRe sl
s€ehd RH @mes
404,

to forma

ST

4@3 943 288 €
feature

ower

as shown

hence th

%smedthﬁe?wrwp

¢ fgtbrseﬁﬁig driiee et

n

RUisitby tpp st and
geﬁggtzo RESk

a&@ﬁh@@teﬁpleﬁ@mg orhs ogaiyolien aaycso hﬁnse«étoecmnge the wrifgred

i d fecfiisk

%}GSS&F c, &g

I C_con

act e

Saty

Gt Gaep e Breichiog

ptsha. | MethisHe@Ptep B84 fu’gﬁ'eh%%? bW hRFIde EbctifRi @tch a

mask open

etch

cont act et

via diel

ectric etch

pdlyaier demmes genie pwxad@t dsining dilmsbtcld aTdmpxéymelt ﬁoancrlgasatmzty be, for

con UCtYéﬂ %ﬁ%ﬂ%ﬁ%

cqgencpjgpz Ei}ﬁf embbyﬁg, MMGCHEC hme% _I_Eo@'m'%f PmbPFsENREEIY form a

de a directional
pstymeer dfyet that reonsantiyneddedgral etdted avay dfing thewetch. Al |
onme of th

! oo oGl 1 4 fiple o Soemt By B8 PemBer-o fatiny

to provi

ve, | ayer on

onduct

d
rog

et ch e etch

sur f

nch

may r enove
of
ces may

RS S G e

be
e P%ﬁ‘}é? an etchlng process in

thO5rRfR@d b odinttsit WRIhk ifRnlille Phot oresi st 404 has been

removed. O h
be partially

+hn 5ot
O

er parts of

reaned In t

hi s Esbdail e,

n tho + AN SHF

only part of

ann nf fhn

the protective |ayer may only

ot
CITC |J L\a\ll'
phot or esi st
enbodi nent s,
30 partiallv

AmD A

ot her parts of

et ched way or co

Ao PaRfettedh of

RJ.BE Protect|y
letely e

S Ut

t Most Preferred

ayer nmayl
[ C é% away. Td

e

BigcYojtdgesh t
PCT/LUS2003/0

NF30GYEs, the

31712 —controll

>13H0W0R1t2004/ 0

Rjiag §rerg87 to

32¥heYhe f1ow

oo+

03006 depos

34446 volts

use the first

?A@ﬂeﬁas fror

=

thedepositi

500, while causing the second

OTI gdb SOUTTT OJ.L IIIlU lllc PTroOULTsS L.Ilalluc
val ve 539 to all ow the

=

et chiAergascdnt2héBes ﬁtlé‘d@ﬁ;ﬁﬁrtlﬂﬁﬁetmr £ Betorhfindtfon§ik B¥de on whether
The control I er 535 may

te Righgeore ksempdiar Thisppai lfeeaiomy by lasetieeipe oabndtaklre@aneasuﬂment If

FHEEED et AR B p e

pid¥ctBledydd @18 setkpbated RANBEp RS VIR BEsk, B BSSMALFIG. 4D. In this

into the

backsi de pressure,

process chanbe

iR Bt g D

and various tenperatures to

?rp g%(l :ggﬁlfl%mnal

caemplenthe aeraaining pattatfitrepld profestive laysi besemeh part ef thh nsWegmotecuve

R IR ool S Gt 5L 51687 B provic

dePOHIR gdsAhARIosEBARE SeddRY chiftrol fvalve 589 ?d(é%{?ﬁ’]th% flow of the etching gas.

hydrocarbons

fl uorocar bons,

and hydr of |'uor ocar bons,

ThechntacllaTHBb may;aﬂ‘@ cha@dgﬁher@h@ﬁ@ter%cc@%da&l@depamﬂon

CHF3. These
| ayer FHRPEF

b B Trnlt e bRty ok

s;@ 312),

pré¥adifk @eeper 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 controller 535 may also change other

parameters to accommodate the etching.
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Table Il is a table of sone of the paraneters that may
be used in an etching process in the preferred
wenrdaas4mnt of the invention. 15 Table Il Prefeer/@d2003/031712

Rang P. e St arr - i .
o8 S8 W A5 e B PR B e
rdpogedihord tHan @Mce> HORradY, thid ORtIeN réfdarid idie tiemnh@etimes. Preferably,

hole is at |east partially etched, a determ nation is

thimenelols ropratodat leastdivetanespdhis qusleapaydrgppeatad dozargofifimes. It may

done et. reci by taking a neasurenent. |f
beﬁg?szragtle&ﬁirrpgeaftslscfggll%rlgg,ug{eﬁ:en the process cycles back

t 0 sPeFerdbl, inviedaet he 1a8edlicld, eHradichtl NEPEREFIENE s bway the .
418 is deposited on the photoresist nask, as shown in

PRItEtiva tyer,ms shiven inddempl e Whenanor farfhgrratebingia desitstl, thaphotoresist

o AOhEE S e i AR R 38t aBf vill Rl 416, showmin
FEQNME. ot heSphotstosipeit mdybelstigied @0 HepRbce¥dMatbenBF0d 6 after removal
provi de deposition gas and cl oses the second contr ol

firpan the psBYss chagtbgp5@he fl ow of the etching gas. The

ccolBMEt ERbRuTRon Sriores S8y B aFgRELRY Skeps i dcpositing o
pg(;l}%ﬁvtqu}tehgﬁ it pHoeedididh the photoresist mask (step

, providing a deeper contact hole 416, as shown
i n FIP@&ferbly, the efdhing anddhe denyaition fithequeieetviel layer ag3®ne in the same

| the first t.x ol | 53 t
ohufee: brdnegh et Bt PR oA ER R AR 290 madeysLaM
Ksegea%ﬂ ¥t BEFfchidwt, Qfalifdgﬁia@ﬁz@m%a to PR RHHK Beld@position and

5 may al so change other paraneters to acconmopdate
etchestepsc Bineg theld&pogXion axd gel au3lopciy the2008LIo®IbeL, X ycling between the
this cle or.loop of providing

Pr ef. bl
dﬁ{)‘?sétr?%’g?r}#ééc%@ﬁ%gggﬁ’%rﬂué ‘etching steps is repeated

1dsRAM AR EEs oPHRIAbAREYst niak ha§YEdlgid But' BOEAURSted to the
nore than three tines. Preferably, this cycle is

neepeginethtian of phetbrekisy eudh aspdeep THY phatprisist, 18Y bm photoresist,
repeated doze f.tinmes. It ma be. desirable to .

1 B RBb R g LGP IR Py Ebears PR IaRsish iy X TPHOIRISTegst  The

dlde gleﬁecrﬁtl(ﬁ% r g{%gt&r&'?st %lBE/PdeP Qla%r'i%l?sha‘i’@ﬁ&!lﬁfel&: :téé:&%ééﬂ&f fhen

away t he ctive layer, as shown in
uneatfimatedHeC einelk, sugh asthd €sCrdedble bhed pitbtvendSCdtiplermmals to

PR he QBRI SIS e RS G FCTHr e mapessdhe ctching
. i ' bt
R oGPt TRoioe 3hd RS o il LRSS By to ek and

thé6ford @t tehatnelydpwe ol exthirgyes) tilss older geherbtisn piptomyistaan show
ded before_step 308 for .depositin i rotective
r B‘Fg‘?

PR O st B8 et e s T W IRENGIRIR) ofg
pARbrLdE, e 031 Ahd i 5 @S Gbi bt Bl RHsFruflRPodrds
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
containing at least one passivation gas, the etching resistance of the photoresist is
much improved, even at high ion bombardment energy. The high ion bombardment
energies at which the invention may improve etching resistance of the photo resist may
be 50-2,000 V. 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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chanber, but may be done in different chanbers. An
Exel an, DFC 2300 nmade by LAM Research Corp. of
woe@ansi4ss Cal i fornia may be adapted to perfor npoDUR2005@31712

depogi:1 | g-g %a etch steps. Since the deposition and
etch%y&t(8 n_%Q fhe sanme chanber, cycling between the
depogi dpebifiic@Rample O theavdItiofl Ofd€ eighiing I SIO, Ryerpiiies 198 photoresist

materials for the photoresi st mask may include, but ]
mgsle aphe bottem paireflective soatina(BAR{rhetwgdndhe 810 layer and the photoresist

t | gt m
61 85| BhemPHE0 Ao cSFEpHARBEESOR. o AT Re chamber s,
BRIE afth p$1pdririsil.s The BAR KettiRMaddy@re@ufsé Sit10 nfillétorOwhich may be set
ol der generation of photoresi st golyner materials are

by s empntaBies aPhdee cxhaugtburp 29 and heidova sate thieyghathe gas inlet

C-C doubl d. C.Ctriple b
S U R AP PN 580 o B AR Mt e e
eleBesdee304] 50T, tTHRSEchi dhemlk@ryat 00 §@m &F¥rgfh,G0Wcem of TS Cand 12 scom

bonds are strong and require a high activation energy
of ©2b T bakppm ¢lectrpds ¥idos placed atradempprgirg of R Conlhe chuck formed by

enerqies,, t l.der generatio h kesi an_show 25
o By a8 af B RGP Kb 100 BRI beciRile TG chuck

. . 9
phasiird bE helfle iT\NRA 20 €N QAL A Daciefde R L6heEuSk pressure is placed at 15
i ncl udi ng 193nm and 157nm does not contain these

terns bt thiseexenhpise the BARE ctolis e mahdaisedifos 40 geconddl Bamebmtroller 535

absqgrhs at the |ithography exposure.wavel ength, .
CP’%%@F 5¢ BATAELSTS, ;Igﬁ%ggl%sﬁ%lt%? E_\%‘F%i 5 may ﬁeggseﬁ to provide gases for the
B/ARC $chN e aBYitiBAR \GaslbdiBcss 18 i eehicdént n&‘cﬁéﬂﬂaﬁ%n@?a& $firce. The
phot oresi st during the etching phase, using an etching

tird valve 540mep repagsantmgors thaneastvabieesqpthsisthe additienal gases may be

.the etching resi.stance of th toresi.st ch .

indRE Py S B oGt b APt e e B G, 230 back side pressure
oiniurh 8y id 8sdl MR Yhucle "ERIFE £arDF 300 alib\@s fo? R MrleP Backside

may i nprove etching resistance of the photo resist nay

poessE®; Whidhads duser bthe cpnterf efithd Flyuck laed aw nutsobdsksiderpressure which is

oBBrb e BN SisgR0 e S oLie SOl S20s Hos Kbentg hpepressures
PCT/ USAQQ3{tRALE bt prfledtiv 16{Hr Rp S oRY & e %R%Iéhfﬂy}@ 2300 at a pressure

exanpl e 'of the invention, Tor etching a Si02 |ayer
ofis0 miditee3wish 800 wets sipliedatX7 itk and®0tvotts applied at 2 MHz. The

By s S0l bt Rreoand ShAE of Ch B ERwuass plgpirode s
pifeq R 9%@%&%@%0@03& a_sr}hdgia%s hQRIES 3 t‘?;ngﬁe‘ﬂ?cﬁfe ot49? C@ The

5 BARC etch is perforned. etch S a pressure
batksidddinned doint ohuck prdssade offglite isgaceday 30 her. chinf backsidaduter zone

i ngs 502,.the exhgust pu 520 and the flow rate

cPhcloprgheuTis lped phof2uprr. 83 s Siagmle fis depgpitipR grsousee 512 would
dé e E0%, ¥AldnS Ned 1R et€hibZ ThELQUE i

pg/él)_{éct r c()ades3 504, 5%%@1#% eet @%ﬁ{ﬁwem’estlr IS %%18 sc%’rrﬁb%&m‘nded from
the gabiitiort gacsomraefs 1 QFsinceangbnli? pswvidad dnfing BothThe defpition and etching.

| ectrode 4 | aced_at t erature of 180 C. The
TheroRtrp Birrie Ryl bpenife firshasive gg}gwgseéb%sqcen%rf%{x%% 9. The
Rhtr811d:SPREE &sd EEtR teddw ofarBaf K8 Afe hitiEnaA 80T Khe controller
535 would control the power and other parameters as specified above.

An etching of the SiO; layer is performed in the Exelan DFC 2300 at a pressure of 40

millitorr, with 2500 watts applied at 27 MHz and 3500 watts applied at 2 MHz. The etch
chemistry is 400 sccm of Argon, 36 sccm of C4Fg, and 30 sccm of O,. The C4Fg would be a

polymer former gas, which provides polymerization during the etching. The O, would be the
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pressure of heliumis placed at 15 torr. A backside
outer zone chuck pressure is placed at 15 torn. In

wo boog/ogwaspl e, the BARC etch is maintai ned forp&0US2003/031712

d .. Th tral 535 ls t . e e
of o upe AL habeh ARG EERE ixnse B fgbjng e, Quprine in this
ckBnple ¥ duies Qfégﬁéseﬁ&r oftoR9gertOREaIRE EldhingN ThadfpdrieRiRabde is placed at a
gas source may repreésent nore than one%gas sour ce.

tephperdiBretdfiLBE° GalAv@uglk is p’ragcdraep temsperatunedd d 0t Gar lavkside inner zone

I t th d )
o e et it PR 3B 1 & By Rt ome ghuck resgpe is placed
aFXelRN 1fs %%Qple EthQ aekard 'ggéesleE@eSﬁWV?oul@grﬁﬁie' tHérCIA,lsﬁ and O,, which
used to cool the chuck. The Exel an DFC 2300 al | ows

issmotipneradedodivingitedeposidiss,aloughhCdls without exygen tmay bk elsed during

G, S s S 1, QUL £ R B SSSLE o vave 520

TERRbARS R woaRPalic iRl tHe Ao arrgén EOE IR RIBHSHAl ga?s soéfte. The
A deposition of the protective Tayer is perforned in

coiteolkex &B & wobCo280Dtha powepanslsshar paranfetdd anspetified mbove.
with_80Q watt lje t .27 MHz and 400 tts  applie

o5 ks Spole, 38 uhe BaBl A MierBimedRe 5 Sionas SRext The
dA#;ace J?ﬁﬂhé{;ro%&ﬁ% Ryl (sRF 30318 pERBRiedtbe £ SRERdS. SNext the contact

t a tenperafure of 180 C. The chuck is placed
hate ia etchagp fr 26 se@nd$ (st€p 312).Thken the demist®ni aftler proteogve layer is

retlerushior 31 Peronguispabth o hea T e Rane fosr ko (ep 312) and the
sl Br DR %fo&'ﬂgﬁ%gﬁ@é@ég%@sﬂﬁsr HGOGutifes. A final

ot provided duri ng
etdhenfehe featvge is Peeformggfor A yévengs Elep3aad). lemnyctehe completed (step 316)

a%ﬁ%%xt RS e SLPI-aH)- ahiP iEn THgis SxeRgle, the depositon (sep

w LSd1 g/al ve 537 and
5&9%#?&&%%%% 1$m3@@§8£&f%&5 %%roller woul d al so
c o nt rahothdrenofdtiow faf thrsgma séquened daa baddittenanal gas
source. The controller 30 535 wuld control the

cdPABE qidraneer denpsitionderidercatich & 104RC éieE?ﬁlg VA)lgfrgo sec. etch.
th i Q2 |
R N e —

dtthfaldirl, saticht 8fzGotestivtedayep id thvtterndn the Mdzk add ade\tva:lh; of the feature
chem stry is 400 sccm of Argon, 36 sccm of CA4F6, _an
then Q& thebgtomoo! theeataner %&Od”%féc%"e Inyse ysiormedatatk-at e bottom of
tgﬁfea i ch provides polynerization during the etchi ng

woul d be the 17 WO 2004/ 034445
PCT/ USifeoeht 03ddItlchs redycid usgd betakbe tydidso niré Bisusifitallieailor the
fluorine from CAF6 is used in etchi ng the fluorine in
qoRfxiong o ke P@Cﬁ@q didditionahpropssesapaebeaddsd joeashcycle. Although in this

%é;ﬁr]geer t%\l?hr X %%h%g&dg Bﬁ\%&ﬁlﬁl& P%f ?fq%a 8Ipllg?&glgd %{chﬁlg systems may be

usedperature of 10 C. A backside inner zone chuck
pressure of heliumis placed at 30 torn. A backside
out erFlEpRds 2 RbgiRmisresraph of 3 310; laye 604 whichywag @asrked Mith a 193

| eJHARI So plhioh GBS0 AENTAR R4 MOLLS REAY kfleventive
EIraNaNd® B Pt e Sormct (RS S5ty 90> hil

d@bﬁﬁbﬁ (o) pro@échb@ l@br éﬁ@%ch/prbmsﬂ FIxyiden pﬁaﬁbnﬁ@ogﬁpﬂ of a SiO; layer
during deposition. The controller 535 would close the

Tf% whidhayasenssged wity ad9é mhpwéesssée@ﬁlatw@mémge@pect THE contact
8%&:& %%ﬂh&lt ‘ngmg Y 15%ntf\)3 %elgésﬁ% of aaﬂ’rgt%&lve 189& and etch

Ponal gas so
process As can be seen by comparing FIG. 6 and FIG. 7, the inventive process of deposition

and etching provides the desired pattern transfer from the photoresist mask (the original mask

18



10

15

20

25

30

controller 535 would control the power and ot her
paraneters as specified above. 10 In this exanpl e,
wo 2oog344h® BARC etch is perforned for 50 seconBST/UNENS/031712
i1 1QF ti I t 8. i
o SR o M S Y B Ry APy et
tled mrive drtfrosth@boSecacidwithedt el &bdsitiod bEMplohetite RYst fok € photoresist
of the protective layer is performed for 10 seconds
cpuseep disbghion qhibe erighalpatiems, Whigh ig wppisat ghe dietastric layer as shown

R S Y e T
1dylenah thESsidimalls of the plofotaist bkl festupembPale® Breverit sB@ition, that is found in

seconds (step 312). The cycle is conpleted (step 316)
seing etchedreestedr esi st is stripped (step 320). Therefore,

in this. eposi ti ste 308) ,and etch
(ot opt 515 BiovIdBS pRFRE st ksive i s et e REF Haoked maskc
sthet &d fBdiction bhh StaslesiHhoRMEHeN efisk &b cohiplibRBd.aPhe Rention may

sec. BARC etch + 10 sec. deposition + 4x(25 sec. etch
alsopgogeée bettes piebiresubn it lessgapense thastasttacked mask proaess.

on- ¢ FLE Tl R AU e PiEfect LREE T B Sl ooy pionductive
18P {86k hyRelaBXRT siliCont dHoBkeR typRdf b&iRicBREtRe)oss HEWRLISIayer (such as

of the feature than on the bottom of the feature or
stlivan nifodp pest bednaxynidside). For etohing @ candugtdr lagter,thabpgens, such as

ttomof. the feature.,Di fferent conditions e ..
oot fring: thstufile 1y hEpicoSh TN ¢ iRn pbo. PaTer o depossion may
coRif dHeRicald ©hell feddPosit 8 Taricl M Hiin? BA4 tHi BGR SSAGInTRYSiPe
added to each cycle. Although in this exanple the

pr oc ds shegirefetred einbodimerked theinDEGiRBG0s desitable thas domie ef the

etching systens be used. FIG, 6 is a .
BIBPBTLE PUBF Trths i £Epi520F e By OBt o5 s il since some
iy Rcredsts RGHieeBS) SthaVBgk defarh@Id@pdYitth ARNEH proddss OAs a result,
contact (HARC) etches 608, using the inventive é%
thepuiolleoshovld timpthetges flowe s¢ thabeneaged iedapleted beferssanother gas is

El 7 is a photom crograph of a Si02 |ayer 704,
Q\MT’ h was masked with a 193 photoresist mask to form

hi gh TASREGEFeFRYE ERLEBRIAL the & asTHMN B offtne YASISBRME is not
using the inventive deposition of a protective |ayer
paorddet oHhe plasgne pwcestmgrhamber drimg the/deposipian steg akd (he d&position gas

nd _FI 7, the inventive process of deposition _an ,
BE Hlerssoprion BBomre Kt PrOAtE T oTrERSr P BAT paluring the
i Bit: i . 4 .

R A e T
das| Ber)exiampley) akygehor ennkpgeh Soataminggas ica keydteliing Compdrent to an

%Egr hand, _the &r'ar rt nethod of an etch w thout .
e? &S0 LVER though éﬂ: off afsg &sed 18 t]pea?%l}anf &3S, gtqling cannot be accomplished

i . i Olst.i .4 i i ..

B b o B3R 2 Sb B il bl xygn containing
gak dwing thy depasitivor step is meggthat ofstva peviding the etohivigagis during the
4goles and mhicqéé not a cgﬁégble The protective 5

BRHOn R freers i Gafiatsinoued drmgidspesia f 154k mrefkrmad that the
cfé?ééﬁﬁ%?grggéssg gﬁ@ﬁoﬁét{:ﬁiﬁé loP Regtiehtty dtShib @ ¥ Wodt ReoriHiEng less than 10%

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

the deposition step and the etch step is that an etching component of the etch gas is present
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The invention provides a nore cost effective process
than the use of a stacked nmask, since the production
wobooa/0344atked phot oresi st nask is nore conpli cCRB¢BEUS20087@31712

: e | : b . | .
obf3AERag A% OB BRI B Bk BB BRI Y T b pigper o
ptdvidetheib@bnaBstciifga di el ectric layer (such as

silicon oxide), a conductive |ayer (such as netal and .
si | i orviding etspirarate ylpposgionsiap and i ieresnnsg of the palymer former to provide

ol R g B e P e R ERE o
cfliGlE 8% an@ be@sriaARotrbpid@fchie, Or bromine, may be used

in the etching step, where the deposition may contain
chemBydtesping passivatige gasss in an €ching mixthionitfis pessthle @ ush higher

filmconta ning Si. In.the preferr epbodi nent of
R RGPl i epigtT sthionyPgaRiadt e ShRMaERR
A@dﬁﬁﬂ&ﬁﬁﬁta@ﬁ@&o{m %t&mgﬁ%% QABhiSVR] diiBg RS duFhdiforhd Bching
conmponents of the etch gas, since sone mxing

stbpc Byasog scharatsfphbsivation ptep$, prefile and masle pratestion can be

d it d etch . ult,. th
BRSPSt TR AEvis e ShETEY v s fgms o
Hafdef SR RbRANPSSIO ORI rodRRd ib? aR @Bhg mikblrb NidcRShe inter-

preferred enbodi nent, the etchant gas fromthe etching
reprsion ofieicking ene ptardpitanvgadesdnttiee dibchargeasndegrde e sjuality of the

hanb ' he d it t d the d i ti
oGaae: rhftonl s GeretiROn bl Fhefits e i Brruin Ry
oCenh S BnR &Q%%?gdﬂg) &%ﬁﬂ?@fhe%ﬂeﬂgasto?ﬁle k6D coating

step. Thi's may be done by not providing a conponent of
stibleasthe hompogyasn, dncldeposi ti on  gas. For exanpl e,

oo iR nicmie it iEon e Feligt-Saben pos
;ﬁbéeesiﬂge&daﬁbxfsh&cﬁfagteﬁmm@ﬁ%%pﬁ&, rBSuf2 neRS, an

acconpl i shed by CAF6 w t hout” oxyden in'this exanple.
PBocessitg pases,ingiyrisy insdspgadently cantralledgaried anpraivide pgtimghs
dur.i.n he deposition. step is. a nethod of not .
SRdeDs e ﬁ@?@ oHTRY G AL iR A oA el B ePmisd ek,
even - _ .
o of apved R g BeRAI SOl b UERDS: dallh gabds dufing b the ciching
and rlepdsitinin gAmexangdd dfjamthey irettcdas mgubt bemeoh. (conpri si ng
| ess than 10% 30 of the |ayer tqo be etched) far
f or nilAgne ogiﬂfnzﬁnéef‘iheeweag?rr,ﬁlg@ ‘_%@H’g’ﬁf Wal gisasivthighymay contact
(8% PSR (LAl or oRihich AP et PR A RRS b
dismhamppy; atengadd th betae suhal as possibie gristo ibs nidinttamadrat elsvatdie

nmer former in the etch step, then the  deposition

I
tgéggrﬁﬁwb & hgobigeteidhisis forrginimiee dacintad deppsition o fhe chamber
; P .
R e R Bl G AR SRlpoly b R ot

cfaseritscqntasaiin tiOcoaing 00the@Bdm¥a WAITdrtisA0H3¢Didlont processing

only during the etch step. In addition, bias power
strirGan e eleased Eindsrisse With be pgaaBentistepspr ovi de t he

di reqt | I i di t ifi

ot op L0t SO ELOH 1k SEPROAL B BRRIRHE R s e
podepsing tlzamibep s wladd todetviesy shioeth Thi gps AbdW Gibilith méséendfing the

hi gher energy etching iagns for higher )
time to establish a'Constant desired flow and the time to establish complete absence of

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

from one stable gas mixture composition to the next can be made to be very fast. The
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5 etching rate and better anisotropic etching. By
keepi ng passivation gases in an etching mxture, it is

w@oagiobl4es t o use higher ion energies wthout PCT/US2003/031712

naccept abl e erpsion .and dapage of th t chi K. .
BRI iBlar 1Bl RIS B o BOERS belt e B iREealaRSs, which
coladdsid the peiisratane®) Of the etching step. By using
separate passivation steps, profile and mask

pr ot donporse badesérably thesthawloatdodd yysitin 8d Hig, congel network
oA PR the oG Eon B L BEH Fbher ohelirt oot s iy Bt
vehChRstRE IS4t B the ChaRed Hthé ﬂis@l{ar%é &niditions afd p&k&hi ng

and retardati on gases in the discharge can degrade the
regratieineptsofFurthermare at inay desivdelie to berable yo quibidy shangievad stahilize

og?ﬁ% g] E’Ettf’{ré} ﬁ(’:%’ﬁ%qt?:ﬁ;‘}?aig @g%?%ﬁig}%@segﬁmsgtge Pysssure of the gas
RkAREkLd 88 t&ﬁ}taér&ﬁreqﬁstﬁé Wafel AibseRB! Kifte tHOtwO Uittt #4R may

conposi tion, thickness. Therefore, by having
biemejepted dd itge pasbereli tinoes ockseewiditpas $¢ eecoinprpdatesgash step

B BE R S onegy MeRiE B et ke itoBe iR et
q'élo 4 ARRRTYo! X fE00 Ezﬂisrﬂtgﬁﬁiné/ﬁfdi AR PProvdsd Coitibt¥Rb be varied

itions for eac ep to provide an optim zed
stgnafidant]y hettvean sieps fonptiedzetach step dndividaally. ndretefga@sit snay also
i nst.e of argon y be used as carri.er ses during
A e A g RS P S et and
QG5 e TGS 'dgﬁalgmg]mh@ B&R#g cbAdifibne MBRAcMRMter ¥ used t
S?ﬂe ?lnv%nti 01?11, the ¢ arrbe}rgrovval I gacr eals,nv\/ni Cho%er feecto
seodrt@nmandshfer leasquaredahanges andsyofhrohegivatl spranidtermined time
arged particles sustained by the electrical .
Sk AErglits dsbsSrratong Bevueichaf ooy i tea o
LotRidagg, at el evated 25 tenperatures. The object
%?Cétgﬁ%lg 1?% to mnimze the total deposition on the
charftierdepositibn steeasy sompssd Dseaen dfidifflerens ceatiag Isteds. The
“menory" effect,, b% whi ch _tpe cheﬁi&cal el ement s
AelHR SRR 1oy GOMRESE dsfrich gT diftcrontete BRSPS wal | ar eas
formed in one processing step can be released to
interfere wwth the subsequent steps. It may al so be
desiTrahdleBEtch &xample gas travel tinme fromthe precursor

source to the = 30 processing chanber is nmade to be
ver yi6hé3 s 2 high I@ggﬂw &ﬁﬁrg foaerl|e¥wplpifﬂre€°na@ﬁ&t4qagdwcene

T ey PR kS e AR AR bF s R A cleB by Phe
whomeas bé fgnet asipg the methoddesctibedim theprevidoetamsglet REG. 14A is
the transition from one stable gas m xture

RposcHR viey ehrartRbasubrte k4 19aysr whicha Wrael patigge mask

hy / / ' f

172 o Qoo il RiHAnll e dor el s bopua B 08 o placed

il F Iberlediclestrizdayer WO bver Glaasublstgtta ti4l (. he disdectiv bartiedayer
It may. al so be desirable that the el ectrical system
Hiad, tvricallp it et lgaitgdtejsilicon nitride or silicon carbide, may be placed over

the first and second contacts 1404, 1406 to prevent the copper diffusion. A low-k

dielectric layer 1420 was placed over the barrier layer 1412. First 1440 and second
1444 vias have been etched into the low-k dielectric layer 1420. Partial plugs 1448
may be formed at the bottom of the vias (step 1308). This is an optional step. In some
embodiments, this step of forming a partial plug would be omitted. A trench patterned
mask 1428 is formed over the substrate (step 1312).
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controlling the conversion of the electrical power
into an electrical discharge reacts 5 very fast with
WO e@p@sis4i 0 t he changes of the di scharge condi pCTDOS2088/081712

po I nts. Funt her nor it.mm sirable t

b 2o ISR AARER Paridab i bt shi b SET R 1 e
trendhedtelady O UtdoRpSis@f thé REpdfalepEsiinga ﬁﬁ%ﬁ% laySisikhas

_t he ressure O_f t he gas I’T_I_Xt ure an t he te_rrper ature
sigewaltseofita¢ via veitlba plasmedepgisition (stee 13160 and ttching throsgleths mask

R IR S .

eﬁBMﬁh@nt,&ﬁd@&ch%kdh%?ﬂ@@s ©Pedledita6R68naNE 1 MoBhSretfPati the
changed quickly allTows for a faster cycling time and :

tremdhosigh eytede isrenseted atlsastithree times.oMost wraferabdy, the trench etch cycle

. Si i fi t bet . St { tim h st
e ey HverPe b setProd iy Y &b o hifes atlgws
fdtaNBne: S@WBko 6OMPH:E Wikl ¥l& MbRAHe hSa ?e?ahﬁ&éﬂn fencing

control and synchronize the rapid changing of
apdt reduesst facetingn dilGi biikis aThesscostpmakyiew ! pait df the sulisrate 1410

R Elis T W NSRS
pRIGNIvE 18 1shd iRtk TifeVo Qi gt PGk IdRPoSEH) 9@fchi iR thibe

processi'ng chanber. The depoSition step may conprise a
embpdigznb forgis fafthickertlayso an thegos swiiee of te maskanid aghishadayer on

may . conpri.se a series of different.etchi steps. 20
S P S A s e e
il RhicAaSRERbSosited prO%CH{/é]&[\éja‘ i U foHRATBRE AR tof foRlddt Equal

using a via first schene. First a plurality of vias
thcleekpomte to1s bewell 30y sidewell swmifass. nBrefdrably,chevdepositiong

t he t hod descrjhed in the previous exanple. FIG 14A
plaesiep (ees Sob dcrenale g TmosHRios: S enim st

O B e SR SRS of M T QB en
pravgirds pd miekih priotective coatikg di 8leactiidat sidesyal sul- 08 wathdittle or no
t he. subst aﬁ}e .141q. ,% di El ectr.ic Har rier | a}%(gtr 1412,
deRasition qythe harizqntal spstage that mpay impedesgiogeesiqnRs the trenc
efhldeGRBc &8 RidRereiRY BRrRt AGRS (RY 88positidR ﬁ%c’ég al@d of
second contacts 1404, 1406 to prevent the copper
sulfficfantlyy digh i8n lenevegk s@ 8k tdiefeatct selectivayidewdUR0Otestion, pheanig that

e R ek 8 f o GGy ot
' | . f d
h%ﬁ%&ftal%%%g?%ﬁéﬁttshﬁhcegtoggé fl%eéézg%nc ];%I}fr B%e e%h@@.pA%otreFﬁve

ottomo e vias ( s is an optiona
cedtayg cah fornomieon therhadiomeshtap sukfates ofttlkepmadk patiern sigcedhe

artial plug wuyld pe omitted. A trench patterned. )
Cﬁ%@}éw sl F%?%Eﬂno*v@r 2 g thaty Hds regetdve(tgwayds fhpdiglectric
4, 0 1 . . .
18 O RO P gl o o
pantolf thelsBibdratd b1 0 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.

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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trench etch cycle 1314 conprises the steps of
depositing a protective |layer on the sidewalls of the

WO 2@4m844h5 a pl asma deposition (step 1316) and PCT/OB2093/031712

AR R0, TRE ok Eh R Hraber B RS Rl REED e
132®nbodi nent, the trench etch cycle is repeated at

| east one tine. More preferably, the trench etch
cy c iT&is enbadiyaent ppovades|sidestall proteetion; trpsevenifeeeting. The need for

: t[. | ' t ed .at
PSR e DA S BUELE o o RBEG) 8 Bus
peihethe 0herii€ bethe BhirRayerl Hovwdvier REe SinBeW@ldnSs hay Hfninate
apﬁl ied wwth each cycle, allowing for a reduction in

afl@hegsng and reduced faceting. FIG 14Bis a
crogs-sectional view of part of the substrate 1410 10
aft?@fgge protective |ayer 1452 has been deposited.

Pr efigh gidcific &XAMpReHaBE fivemtidd, a 0deal PIa9EEs bicHed 10 alddial
an isotropic |ine-of-sight gl asma deposition, which in
demiascene fsBHE HEiRg a vy inst methpd.c Néas arefjust etolrediinte theForal (step

face .of the mask and. a .thinner | r Q t he :
13D B RS e R Dt Rsp e Aot erca e s i
fornedl ovar fHerdRel8ayep fstéy 13120.Y AR antiteecdicqtlycr 85 @t_hElhlﬁ%/ers may be
deposited protective layer is conformal,” neaning to

phassé betsveen thel cond layiel aidribe phojaresisempgkp Iasudhed ¢asgsvatines etch

i dewal. | rfaces. Preferabl. t he deposition process
Sgelpgglaé[&)ﬁtagg?étoso@gﬂ s%c:hr“étgwﬁidﬁ%? 19Y&foval mechani sm such

as i Q0 dgsoritRhed thedlr6fabing 18yer SR YRk 11§‘thhle'§}'a§‘s'fé 1816) i i
nmanner %ﬁgt t he n@g{l’ effec?yecgf appl ;i ng the1 epgsiti)é?}performedm

thy Bxadas DIFS 2300yt @ préssurge 08 baillitoer, sotht 400gvasts applesd at 27 MHz and 0
tical si I f pth.litt
W8 P i 2R R drr Bt hegisiy i 00 e ShreptnSodeem Ha, and 60

sBEROF TS Phe @épeﬁf BRciERNE Pladll £LGBINPEaRELSESS C. | Thd chuck is placed at
therefore preferred that the deposition process al so

ajtempératusebf 2@ nThebackgife inner zome chyckgwesasretaf helidmmds placed at 15 torr.

el.ecti.ve si dewal ] rotecti.on, aning that a. ) ‘
eSS0 Hp R Rt yeryosr ts Wi I step icarricd out for 45
M&Jddkcal profile sidewall but not the horizontal

etching front surfaces of theri el ectric layer to be
et cheth etthipg of endhesinte thatGona) % tayer is pesfornoed it liee Exelan DFC 2300 at

IR QD Rtk B ON s e 22T NILLA/EH by pphgg a 2 MHL
THe ctch HRAGLHME 200 VRLAS é}%@lﬁ,‘%@éc@ﬁtc{ﬂ@% 3 PNEM (gHF 5, 384 10 scem of O,

reactive towards the na ayer. FIG 14Cis
Thed3s-wadd boaablywiceforofer ggawhichfprovidespobaherattiond dirfhg the etching.

IR ATy R —
thd AhGEhARAYis eﬁ:iixg%lE :i’&g)]#ﬂ{aﬁh@ g;&g?ﬁ%?g%qb enatld 9tchjn§.C The upper

etching is a ener ani sot rop
eftctriode Blplafeti et a tengperaterna ©fi 25%C p Ar dhiuak isyplated hed teniferdtine of 20° C. A

bgg]g%h&e{}i%ni?rgzo%g 8%1?0%%%g€m(é>? églgﬂ‘é Esrzé%cebggtlgg{rgsg%gggﬁy | o%%er zone
céﬁgge\ﬂlgﬁug@?%ﬁctegqt 158hi ch again forms protective

the vias, as shown in FIG 14D. More
et chiThy todnch biehingeas shoukl @atdio ninfeast 0a¢ efthd alynet former gas

further dee@en the trench. 1456, as Shgﬁ% in FI% 14 .
CEMPPRENt A5 #iog a8 at 1eaTi Oonf GEHng $a orpRIeh fpolane ey gas is needed

th Brdvife 488k diFSkoteetion 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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WO 2004/ 034445 PCT/ US2003/ 031712 depth (step 1324).
Then the remaining protective |layer and mask is

watoppads (step 1328). This enbodi ment provi deST/US2003/031712

o3 g s LEsh oVl PSB! RET b a oPRfdERte R tronen
teHiRE i €EorinbibABInRArdnSE dnd Gia YeRicBVEMwARrORERI diFereht. Medium to
the barrier layer. However, sone enbodi nents may

highiion erzrgics aelalsolpueferrediediepefit suph propewiss s tre@hamﬁle whsk and

iy et Bl i Srit ey Be SOGT 2MEat e b S grguides > 200

e@Bﬁoﬁ'b‘bﬁ‘IbaFdrﬁéiﬁ endrBy. %&ﬁ%g@; #n én%l’@ﬂs H8ssibtOdependiRg upon its effect

this exanple, no partial is formed. A photoresist
ot sedhdrenghtetohimg prepsti¢ssas niioronteenchingy asphe r@ur dépehdgney, etc.

(step, 1 ntir ective |a or oher l.ayers

fmy b i i dpef 15 1 Spdtaied P48 eonds. Next,
#HRARNER %Sétc?ﬁedrf@ﬁfo sdcBndYEtRp 3336)S The @{)ésﬁﬂﬁl (ﬁ{tﬁ@pro%rcﬁ{?é layer (step
may be added to open such inteérnedia | ayers.

13D esd ttlnemtctuﬁg Dﬁéle fren¢leGtep\3E8) mye be mapested e\mmlbsr afftirhdsewhich

Vi a step :32 rformed in 15 the Exelan DFC
P%eﬁ?éttf%w% Q6PE0GA 80 millitorr, with 400 watts

app! iFed, A % MdforRicfbebap hvéﬁtatéos@%&!tio%gl \ﬁéw%f Mdﬁal d gcene feature

deposition chemstry i's 600 sccm of Argon, sccm
tleah Hastfeen stobrd afcoflidg tolthe exgmyse. ElcliSBade ta)psarpﬂ sadsepbratective view of

el R ais 1o ke RET bl Cord g oe A A trench 1512
aRb SRR 10 ke EbikHAYdrS Smc@‘fﬁg e‘@rmﬂié [P use P&t E Qlaﬁl’l_ﬁg,'sn%%lug isin

outer zone chuck pressure is ace at 15t

tist dps, iss tleann aéditiond stepof r‘a&uﬁzﬁx@@e phgss n@trnereﬂcdn [ T}@ \@:ﬁ and trench are
trenches into the raI ™ I%iaﬁper [ erforned in

viskldprneprithoughc siall ameunb ek igpeimgs 1536 ) e e rThW%%ograph also

ol e e )

of GF3,’S 234 'cmdcﬂ‘B ﬂ]dEtSate argompites ctono80®) E\zhlcthh guiGble for using

woul d be_ a mer fornmer gas; %h pr.ovi def
B emafrpﬂatf ddr %@hquﬁ%or@m?ﬁwﬁgp ysjCatiernyol HERMRpgfesystem
ST A IS S bhaE el e

m&phiysisaltibanPraagiap @’mnﬁin regeed diccuiinaplisted bﬁbumlg)ard'l'aﬁd a

el ectrode is placed at a tengerature of 25 C.
mﬁ&andlse Henderiumto ahes sprar 4PHPBichT Coppeter wst%§%w@des a
te145
T e

Iﬁéusé@w oDisk $1& i h eoﬂnp&tﬁﬁi‘ba&ﬂﬂ@hﬁglu@ﬂﬁseﬂh@ uhmlsfmrataab rand
at | east one of the polynmer former gas conponent as
fygan computgr systeas80bne et chi ng gas conponent. The

pol or mer
pr otyPg?t Pon® aélne)%a% 33? ‘lr’fzah@ g%r mtq ﬁops ur %g%g} V\ﬁ o dpttached to
sy§ien 1181820 LR Wideratibly®f sﬂﬂi’s yEtBmaNPEREdsOk)C822t(aRb ferred to as

manner. |t should be noted that the trench verti cal
ogmralgg@@sanguméq ¢1d-PUs) are coupled to storage devices, including memory

824. Memory 824 includes random access memory (RAM) and read-only memory
(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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conti nuously opened up during the trench etching
duration hence needs to be protected during 23 WO
wQaoa/08a4845 PCT/ US2003/ 031712 the trench et chCTgS2003/031712

e oSl et e o reb e onit e Bty i P gin
8?610%; igﬁ Y& hisERb pigtleatihts, Mdehéiikd shdds tpidaia seddadbym

ion energies are also preferred to benefit
stotagh npadope (svick es abandrdisk kthap isoflower, thargpykmarygtorage. It will be

under | ayer selectivities. In the etchj exampl e, the
9 Wi Ui e R d oD tin B disk 86 FES] Bgbroprie
RRUNRNAEPSraRASHE MndaFY BRhidh 4 OfrtuaPRRBAS Mmirfory @98 bl e

dependi ng upon i1ts effect on such trench etching
Remopablt desk 844 nmiydeke the rahofregy ofi $eeomputerireadable media

depen cy, etc. The deposition of the protective
dF%?@E?gg@Pép 1316) is performed for 45 seconds. Next,

t he SNl r 2Q). .
depgg) Hsl on 3?1’?%15@5‘53’@3? %\(}’gﬁlggyg?lﬁ)(ugftég%m 1316)’ Sgﬁggs
displye0é hirayoatl 8l Bemouserdd d afid spgak@0 83 0.nbydeecmak pe dnper/ oatput
nunber of tings, Lch 10 vj.des a.trench etch of
dgagpmay deeey g%}@@@lsgbﬁyﬁa%ag{h%e% sp #ezslroa&{i microphones,
SSa i i t t
ELBSEASRR R Kl cardiAiont AIBAARINE phfi Uil

tablétaptydngs siode qrdusdedtingrecognixmerg biondigcsduaders amatheene
feature. Vias 1504 ?re efched into the Coral |ayer
campatersa FlLefredoPtispally may by eplidiA@ROMAR OHMET G al
P i I O
i e S S e R TR
igbrfientivs agtérhslatel dont e ORI ni gketdeckivelinformadomfrdmtthe netvork,

are well formed, although a small anount of faceting
o1 sught Py énfepaionte theRebw ok rin Hie couss of grdiIRg e above-

: i . . - hati ‘
el thfod iR, PEARRLRpy Aot G 5} BB phesERThidhiion
St et s6l¢Btipen &P S¥thorahay sxesulictorbl endtworkisichgs thednternet
the control]er 535. FIG 8A shows one possible

pRYBiaetion witlhi sl EEMFhetesshaey & Peronad theprpcsssipehe

used [8iibR S SRAAAN & @ Brhsctinfeltts frebhRISOW S uter
system may ‘have many physfcal forns ranging froma
sistheosateds ithGWonputrpéadable healivm tat hh@atothpussndode thereon
smal | handhel d device up to a huge super coné)_ut er.
fonperfareing yartossegoputerinpleraentgd opgsaiansy Tiymedia apd soyppyter

804, a.hqusin . di '

il g TRt BBy Bt ipd Wk uBE oy BiHPURGE fr i Bresont
PSR sishely fnay bé Nt RinddaélBkicwiednd Railivler hosghalvalg skill in
system 800. FIG 8B is an exanple of a_ bl ock diagram

the porppwpLisadivasy it Fx@oples Af eaepiEer-teadably medipinsldeghyf are not
l?réﬁ%cgto\gmg}%gp%‘cgzg{l?e%g 5\%&1 a3 lfllgli%?/(g%k%gﬁo S[(ﬁﬁ(%saﬁﬂrx{@%le@? ?ape; optical

cen ssing uni

5EA8 bucdH £ CORDNE ah@hSlbraphie ddeives; afgndtoDptiek] Mgedieedioh s
824. Menory 824 includes random access nenor RA|

Bomdicalediskso and/havdyvaneyle gigey thayre spesially capfiguradioviiore 23&@ eecute
t ts to t asf t. i I {d i -

PE=TRRE RO P SN I

TopRNRVREs (aiEs) ahd ROM bAURANG @8vices. Examples of computer code

include machine code, such as produced by a compiler, and files containing higher

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

media may also be computer code transmitted by a computer data signal embodied in a
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a bi-directional manner. Both of these types of
menories may include any suitable type of the
\V@Qﬂpm&eusreadable medi a descri bed bel ow. A fireDusS28¥031712

826 i I d t
capepvinge sncirareriitan warcs phrasE Ru el s SEE v
pr 04/,034445 PCT/ US2003/ 031712 may al so include any of

e conputer-readable nmedi a descri bed bel ow. Fi xed
di sKWaR6thisinvbeiondes bean desaitedpin tgma ot sevee areferrd t he

en(@légﬁgngg tllaesfﬁ taleé&lltg?alg g ?)ﬁlgli?u ?téo%g: %}%u{)%%ﬁlgtﬁ %8u1'{/r§1%1[)tl§ Which
faﬁ W{hﬁg g s!:5pe"8f|tllu? Bﬁren@&f’ rl@ Qho%'ldfﬂsé Béhotbdthat e 48Dk

tal ne i xed di sk may, in appropriate b5
alt@ﬁ&ase whags bfiaplgnoeméing the metbbésrwmlrappﬂa‘smsmf theprgpent ual

e o TR L b
1n91%h a1abh %%atm e;be‘?mﬁ{aﬁensc QHP L titule ﬁ;SM'Iér@i % fofl within

I'nput/ output devic such as display 804, keyboard
1h8bﬂcsﬁ@waﬁi&bﬁeaﬁﬂe$gsmManﬁﬂﬁ@@ In general, an

i nput/output 10 device may be any of: vi deo di spl ays,
track balls, mce, keyboards, m crophones,
touch-sensitive displays, transducer card readers,
magneti c or paper tape readers, tablets, styluses,
voi ce or handwiting recognizers, bionetrics readers,
or other conputers. CPU 822 optionally nay be coupl ed
to anot her conputer or teleconmunications network
using network interface 840. Wth such a network 15
interface, it is contenplated that the CPU m ght
receive information fromthe network, or m ght output
information to the network in the course of performng
t he above- descri bed nethod steps. Furthernore, nethod
enbodi ments of the present invention nay execute
sol ely upon CPU 822 or nay execute over a network such
as the Internet in conjunction with a renote CPU t hat
shares a portion of the processing. 20 In addition,
enbodi ments of the present invention further relate to
conputer storage products with a conputer-readabl e
medi um t hat have conputer code thereon for performng
various conputer-inplenmented operations. The nedia and
conmputer code may be those specially designed and
constructed for the purposes of the present
i nvention, or they may be of the kind well known and

avai l able to those having skill in 25 the conputer
software arts. Exanpl es of conputer-readabl e nedia
include, but are not I|imted to: magnetic nmedia such

as hard disks, floppy disks, and magnetic tape;

optical nedia such as CD-ROVs and hol ographic

devi ces; magneto-optical nedia such as floptica

di sks; and hardware devices that are specially
configured to store and execute program code, such as
application-specific integrated circuits (ASICs),

pr ogr ammabl e
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30 |l ogic devices (PLDs) and ROM and RAM devi ces.
Exanpl es of conputer code include nmachi ne code, such
wa@soopnedused by a conpiler, and files contai ni PgI/DEYOE031712
| evel code that are exe %&ﬂﬂgy a conputer using an
interpreter. Conmputer r medi a may al so be
WORRWISmeagde transmtted by a conputer data signal
enbodi ed in a 25 WD 2004/ 034445 PCT/ US2003/ 031712
lcar r Aemethad foratudiinggpieatienini gy throygiearceiclifg mask comprising:

i nstructions that are executabl e a rocessor.

i | BERREE ProVTe? YRR geeqred dudien et R Bhigand
vB¥E M ewhlIS beMmE ghtu@ RARMH PRELStiod SR MGxAKE a8t er ati ons,

permut ations, and substitute equivalents, which 5

f al | etehingithe fehmrsthopehdhe ¢thhisg masle withoeactive etshimglngixtures

al so. be noted that there are ny alternative ways . of
oA DA it SR Scah i RS G R  gfon ghmmical

present invention. It is therefore intended that the

foll owm ng appended clains be interpreted as i ncluding
2al |  Hhe methddeasteritesin chemnh wdieremthe eththgnobgtriseapreviding an

.equivalents as fall within he true spirit and scope
icgy barper Ps@éﬁ?rgim@&?@ﬁesﬂz 260 et Seliap drsmatars.
PCT/ US2003/ 031712 CLAIMS Wat is clainmed is: 1. A
nmet hod for etching a feature in a |ayer through an

3et chiTihg matisdd, eonpit¢dsinrepim X, orhereigthe eprhigedtienverl caxgthing g
on exposed surfaces of the etching mask and 5 verti cal
pg}ym,éqwrap&]%%tclp@ﬁ@ﬁre with a passivation gas

m xture; and etching the feature through the etching
mask with reactive etching m xtures containing at

4| eastThemeetidd; bs regitahardlaial 3, avtdrah tHegasdivatioa and etching are
passi vation chem cal. 2. The nethod, as recited in
perfampschin ageErRqTPlasian RIOEEHSING CBYRPRS ses provi ding an

10 ion bonbardnent energy of greater than 200 el ectron
volts to the substrate. 3. The nethod, as recited in
5¢| ai Mhe,math&t, @ recitbiinadl st A ovichaniiealepodtiéaiges aaon-

pol yner forper and an _etch enabler. 15 4. The net hod,
digsciiena] dengsition apé the etchingeeriises alirepionsl ffghipgn and
etching are performed in a conmon plasma processing
chanber. 5. The nethod, as recited in claim4, wherein
¢ he depaséthéd)As we@ed i d1ginr 5,dviieeeih itlgmissitetionsis b inofi-etshthg or a

the etching step uses a directional etching. 20
negligibly etching deposition.

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

from at least one of chemical vapor deposition and sputtering.

8. The method, as recited in claim 7, wherein the depositing and etching are

performed in a sequentially alternating fashion at least four times.

9. The method, as recited in claim 1, wherein the etching mask is a photoresist

mask 193 nm or below generation.

10 The method, as recited in claim 1, wherein the protective coating is formed

preferentially on the exposed areas of the etching mask and the vertical sidewalls of
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6. The method, as recited in claim5, wherein the
passivation is a non-etching or a negligibly etching
W(de(pmmis44h5)n. 7 The nmethod, as recited in clai nP@T/US2003/031712
in t he deposition process is selected 25 from at
1}eas Sne of cheni cal vapor deposition and sputtering.
8. The nmethod, as recited in claim?7, wherein the

deposi ting and et chi ng are perforned in a
1$equdheimethod, ad reeitethin) otpimf 145 wheoreinat 1¢ashene fagsivatiqnnabemical

releishs HEOSmERERS gerf it B ma kel dfys tn e dpt{fe mask
neaenation. 10 The nmethod, as recited in claiml,

wherein the protective coating is forned
preferentially on the exposed areas of the etching

sk .and the vertic 2004/.034445
10T SRS st T i BreTirde e hergglic fogs e used
té ﬁ Tér&ﬁm'll? p@év@hﬂ'ﬂeia@muﬁ\ﬁ' ab6R d&cﬁhufaﬁﬁ’@ bt tRORoRAE \éﬁ‘rtféé%g' of the

emcal “releases a polynerizing agent that is nore

lmedmrﬁ@ thy stgp of the foonatioa df @ycécctIVh anattdgebyrmakatl@ aremoval
erlalgl 12...The thog]é! ﬁtﬂ lln claim 10,
n%l‘? FESTR Ofi e SOptnmAt S the F\%O E4Skd to

preferential |y prevent dep03|t|on from accunmul ati ng at
the horizontal surfaces of the I|ayer during the step
18f t Adematival, aorecéd jpraddinct li, wherinitileayt bye passivatidn dhgnrdcal

PR GPoRhE VDA e oS Agtiah, as reci ted i

claim1l, wherein at |east one paSSI vation chem cal
is a hydrofluorocarbon with F:C ratio of |ess than
12: 1. Ths nisthodJ hereviedintlaias] I, edieteatlatileast bae of thd passivation

e FEERE R
C2H4, C3H8, C2H2. 15. The nethod,
GFe At’ea B’Q\Hgl m 11, wherein the at |east one

passivation 20 chem cal is a mxture of Ar and CH3F.
16. The nethod, as recited in_claim12, wherein_the

Ioon drhemegihosh avregded }nrf’lf-lﬁéll M@gql%l@.aékagtt@s ppgsivation
gr e_atdaldmI Hpiréla]&gt‘%gg# s. 25 17. The nethod, as

recite g\t | east one of the
etching chemcals is C4F6 18. The nethod as recited
inclaiml, wherein_at |east gne of the RF frequencies
1gsed Husrmathed, a5 scied Heclpign bhavhsrein the ionppergpmopsed iythe

pQQan%%p is greater than 100 electron volts.

17.  The method, as recited in claim 1, wherein at least one of the etching chemicals

is C4F6.

18.  The method as recited in claim 1, wherein at least one of the RF frequencies

used for the discharge is one of the 2MHz, 27MHz and 60MHz.

19. The method, as recited in claim 1, wherein the RF discharge frequencies
consist of a combination a lower frequency in the range of 400KHz to 13.56MHz and

another higher frequency in the range of 27MH to 120MHz.
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19. The nmethod, as recited in claim1l, wherein the RF
di scharge frequencies consist of a conbination a
wo esmn3fsgequency in the range of 400KHz to 13. BEMHz20a8/081712

oonrs eon B otSHE R e el bR s oy i

Wabyasﬁma&t eoinplsig:! ayer under an etch mask,
wherein the layer is supported by a substrate,
conplalpéasmjlPfac%ﬁilagﬁharﬁ?%@@mﬁ@lgchanber conprising: a
chamber wal S roc chanber )
encl osur e; Ch%m . Vlvfgp{ as%qgﬁlgaf?m? B 1n§ ﬁ?r. el%logure
subst r at e aWubditafe supBoi farSsiBporBh 8 SSisstat vﬁhﬁﬂ’ﬂ%plasma
encl osure; a pressure regulator for regulating the
ppn@sgmg@mnﬁwrh@ﬂ@masna processing chanber encl osure;

at | east qne_electr ower .to the .

ol asma. pr degeSrRgeE Sy o roslletlk MR e R Aot mopgysine

cRaRb@®RBlos@edas inlet for providing gas into the

pl asma processing chanber enclosure; and a gas outl et

f or exhaust leagf qpaslecirodn fon promdmgmowde dusplagmapracdseing
osur 005|t|§§F as source; an etchant gas

1
cBatbecipt TufsutGRERet BG3ndei nfl uid connect i on
bet ween t tﬁ?a@ et f0F SlovRfind £18 ifb A Basthi ﬁ&%@s%iﬂgg‘,hamber
chanber and the deposition gas source; a second
endosurel andal ve in fluid connection between the gas
inlet of the pl rocessing, ch er _and.t
et chant gddRs Difiedor sepTugaRs BPTCORPROPR BETgNing Chamber
helegeted to the first control valve, the second
control valve, and the at |east one el ectrode,
cowpmukpnghomgwdgmsm one processor; and conputer
readabl e nedla conprising: 25 conputer readable code
for 6ﬁéﬁ? { $358O¥CPst control valve for at |east one
deposy fisOh bl Pall QPR 'céﬁleétléi??éférleéﬂ Qe @ﬁﬂeft 0 Aetifma
deposition gas source to ma pr ceSS|ng
procsting cleamben and die depnqmcbregasrseamta,bl e code for closing

th d trol f th t
epodi wPBH S v R eouehb A B 578 PRR of the plasmna
p%&elggﬁé cB#iber GHE e eftérlﬁm £as source;

a controller controllably connected to the first control valve, the second control

valve, and the at least one electrode, comprising:
at least one processor; and
computer readable media, comprising:
computer readable code for opening the first control valve for at
least one deposition step to provide a deposition gas from the deposition gas source to
the plasma processing chamber enclosure;
computer readable code for closing the second control valve for
the at least one deposition step to prevent etching gas from the etchant gas source from
entering the plasma processing chamber enclosure;
computer readable code for opening the second control valve for
at least one etching step to provide an etching gas from the etchant gas source to the
plasma processing chamber; and

computer readable code energizing the at least one electrode to
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30 entering the plasma processi ng chanber encl osure;
conput er readabl e code for opening the second contro

woadmm344a5 at | east one etching step to provi BeT/an2003/031712

et chi fromt et chan a ce t h l.as
iy adter s hin SgsE SR EpsRL I A abiEonBRE
St%nergi zing the at | east one electrode to 29 WO

004/ 034445 PCT/ US2003/ 031712 provide a bias of
greater than 250 volts on the substrate for the at

east, one etchin tep. . .2 h arat us, as recited
2] e rf s ot Rl st o0 MR ERRARE: 21 On gas
sour & BasstfloR ghddoufbecaft rol valve in fluid connection
between the gas inlet of the plasma processin

c h anbénrdamutmhealmssﬁiméwmwcmb@wm@e gashiated pgtheméasma
ute ada%ftg medl .further conprises conputer
prrog ¥ PR I?ngaﬁ PHi°Pd control val ve for

the %d’eﬁ@ﬁk cBRPuRt FhldMe S8 ffhdcBMipHSes cbfhputer readable
passi vati on gas fromthe passivation gas source to the

cqledfonepgming e deidrgnicolaraberfor the at ehst oap gtehingustep taprovide

ehetSS by kg LS st By 57 S pes BB e

performng the at | east one deposition step and at
| east one etching step in an alternating fashion for a
2Pl ur dhe bypavhtus,iaseecited  ASim ¥, vétehainl tHearonfputarireagabe dueslia

R coapares SPRBUEATAOIDS T P oS TaTeda *hget o Brbosiiion
segenchta%egt on@%ﬁﬁinggg@cfgﬁgl?anatﬁg%ﬁh& £ G pRirsiy 09 tihd2s.

conpri ses form ng protectlve
sidewal | s over the sidewalls of the vias; and etching

a trench t hrou the trench atterned rrask and
23¢ 1 pp ogrf%r f%ﬁ@wg@tcﬁ*ﬁ%mé R LeAGe PUBRHPS: he
st ri @ﬁlngg%(,ﬁe ﬂ‘?r?gtcl% The net hod as recited in claim

e trenc cycl e is repeated at least 25
t hr e@réviding a thch patermutiesl oxsr theeichdayer;n cl ai m 23,

wherein the trench etch cycle is repeated at |east
fi ve cfqhifgs? treghpghere ﬂ‘?r%t’?]h‘B& thelsenc EpmBrSER PO 25,

wher ein t grgﬂa@&fveem@agn SR ally BE eI thd 1

a common pla processi ng c The net ho as

recited i retsHisg anr@ch thdoeglethe ticheh paposddimask; askes a
non- ‘
stripping the mask.etching steps, including the stripping the mask

24.  The method as recited in claim 23, wherein the trench cycle is repeated at least

three times.

25.  The method as recited in claim 23, wherein the trench etch cycle is repeated at

least five times.

26.  The method, as recited in claim 25, wherein the passivation and etching are

performed in a common plasma processing chamber.

27. The method, as recited in claim 26, wherein the deposition uses a non-

directional deposition and the etching step uses a directional etching.
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di rectional deposition and the etching step uses a
di rectional etching. 30 WO 2004/ 034445

weEONWSAGD3/ 031712 28. The net hod, as recit edp@€mustoas/oat712

27, wherein the wafer is bonbarded by energetic ions
with ionic energy greater than 100 ev during the
28epogikingfihéd, @PrecRe @ clARE 7TOMBRS tHRSVAEGk B&ﬁbérﬁe&tf“ m
27, wherein the passivation is a non-etching or
en@'gbﬁlcgions yithtiemir mpereepissiet then 10Q6v diitieg ﬂnetdhwltlmlsstep
recited in claim27, wherein the deposition uses a gas

m xture containing at |east one of H2, CH3F, CH2F2,
26HF3 ThehfthodAS Rected o

one of CF4, CZF%e ﬁ%drhﬁlal%gpiaz ﬁtﬁlﬁree%g%hfg%%%%&aggg% Ehorl- gﬁﬁﬁlg ot
ameghgibly ciehingdénosiionn cl ai m 27, wherein the dep03|t|on
step uses a mxture containing CF4 and H2. 15 32. The
method as recited in claim31l, wherein the CF4 to H2
3gas fRwhdtRdd, As fe%ltécpm ctlzﬂﬁl Zﬁ%ﬁre@ﬂ 8- Rpdsitich deeé a% spéﬁlxture
volume flow rate. 33. The méthod, as rg0|ted P&l
costainnheatdeast omﬁaofd&éz;ﬁﬂfi @MHQQGHE.% C4FG €14@@tas the ﬁdlylmar

at | east on va osi tion and

it 0 PRt sge e PRt MRE TS SE MR siahingtesn ol ai m 25,
wherein the etch layer is a low-k dielectric

material. 35. The method, as recited in claink3,

3iher dite mdtbodsianrdeibdm daim 2 whittdin @@ depdditien st@tbuses a mixture
sacri.fi F§§Wihéler material prior to the start of the
cppia HEWgé tching process. 36. The method, as
recited in claim33, wherein the via holes are filled
wth a filler material to no nore than 50% of the via
380l e Theimédthodad meeitddan thaim St awherein thé EFY teHRlzas pb@3ato is in
etchin rocess, . 30 37. A sem conductor fornmed by the
lﬁ%{aﬂg@ggg 6 tgilef: ggyvolggle QW B¥par at us for perform ng

the nmethod of claim23. 31 WO 2004/ 034445

PCT/ US2003/ 031712 39. An apparatus for etching a

3Bay erThemethodias edoithd imdkim 29) evteidin tHeelehdgitidn prdcess is selected
supported by a substrate, conprising: a plasna

fronp ableast ege ehehepusal varnrsiepasition and spRUSBE wal | for ni ng

a plasma processing chanber enclosure; 5 a substrate
support for supporting a substrate within the plasm

34. The method, as recited in claim 23, wherein the etch layer is a low-k dielectric
material.
35. The method, as recited in claim23, wherein the via holes are not filled with a

sacrificial filler material prior to the start of the trench plasma etching process.

36. The method, as recited in claim 33, 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.

37. A semiconductor formed by the method of claim 23.

38.  An apparatus for performing the method of claim 23.
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processi ng chanber enclosure; a pressure regulator for
regul ating the pressure in the plasma processing
W@ baaier4encl osure; at | east one el ectrode forPCT/US2003/031712

Ihdi . | ; [ .
T R W S
sipprtedbna sg@sratedtampiing| asma processi ng chamber

enclosure; and a gas outlet for exhausting gas from
t he plpiasma pppcsevrSehunbenLapwtisingnel osure; 15 a

d g i h & L
cont ol vacaed B S o e BT epfesirt™
i nl et of tRebddplakSUBporPfRGEESrtL & Ridiate wittih tl§lasma
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etc gas source conprises
a controller controllably connected to the first control valve, the second control

valve, and the at least one electrode, comprising:
at least one processor; and
computer readable media, comprising:
computer readable code for opening the first control valve for at
least one deposition step to provide a deposition gas from the deposition gas source to
the plasma processing chamber enclosure;
computer readable code for closing the second control valve for
the at least one deposition step to prevent etching gas from the etchant gas source from
entering the plasma processing chamber enclosure; and
computer readable code for opening the second control valve for
at least one etching step to provide an etching gas from the etchant gas source to the

plasma processing chamber.
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an etching gas conponent source and a pol yner forner
gas conponent. 33
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40. The apparatus, as recited in claim 39, wherein the computer readable media
further comprises computer readable code for performing the at least one deposition

step and at least one etching step in an alternating fashion for a plurality of times.

41.  The apparatus, as recited in claim 39, wherein the etchant gas source comprises

an etching gas component source and a polymer former gas component.
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