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ETCH PROFI LE CONTROL BACKGROUND OF THE | NVENTI ON
[ 0001] The present invention relates to etching an

wet@h/1bayer t hrough a nask during the product i Ber/v§2086/008302

sem conduct or device. Mre specifically, the present
invention relates to etching a dielectric |ayer
t hrough a phot or esEFCHRROFWIE CONTROPs oduct i on of
sen conduct or devices. [0002] During seni conduct or
waf er proceSS|no, features of the sen1c-no ctor device
are defined i n BASKEROUNII OXTHE N W pat t er ni ng
and etching processes. In these processes, a
&@ﬁ%]? re él%&)ﬁésglﬁ)ln%hgﬁ 'r@lgte ?taﬁﬁ? QI? esh M%gf %&éﬁea mask
en i's expose ltered by a
d@lﬂg@h@ pro'ﬂheudrﬁiﬂ acﬂem1mxdu&:ter dbvucrea M parspedifipiibyt thetphesent
IS patterned wt hexerrplar tur tries a
invertion TP]@FﬂS tg plghing pshelgete ﬁr%@gﬁ%ﬂg’e?% P?ﬂsf% 08ing the
{ ugh the reticle, the |ight

%%ﬁ?% <ﬁ'%@u§ﬁ d@gk%gkghe photoresist material. The
l'ight changes the chem cal conposition of the
plmonp r edhaingnsainddoindhctetiehfet pla)besaiugefnehm@'f theagentieqrpinetor

portiaon_of the hotoreS|s@ mat er i hi the of In
é@@?q grg defirdiin sV aler Wingwekkaowp ﬂ?et wRpsLat e?“@mgéﬁ goesses.

efél%@%%\a‘gsd ﬁfi‘&grésﬂt gﬁ? éﬁﬁéﬁal %ayﬁ)%gﬁ:bbéﬂéd Bﬂ%@ﬁv@ﬁk 8id then is

e unexpos regi ons are renoved

E)k‘;ﬁfsecafotlghi fitthed baheetidls Thehtdetmmyrtermvespsrent plate that is

pbeeest il ng@%ﬁ%&#&@%ﬁg@n@%‘&mg oek B3t Ranagf e
glg%%%atﬁei‘g%ldes' red features in the wafer. [ 0004] To

ncreased density, feature size is reduced.
This may be achi eved by reducing the critical
foouBNsi oAftdr@aysins thtdighfth@ieﬁckesthe\l\ilghtctontﬁtﬁihc ewrface of the

e oA o R Bk Bk RS
fci’ll“z't? 1alP %Q%}t %%%ig? K eg Eéf’nzcgjve' Nr€@toOhe ?B&t%f&ﬁ% material. In the

at ures. SUMVAR
bMéBﬂ"ﬁbﬁIﬂve photoresist materials, the exposed regions are removed and in the

case of negative photoresist materials, the unexposed regions are removed.
Thereafter, the wafer is etched to remove the underlying material from the areas that
are no longer protected by the photoresist material, and thereby produce the desired

features in the wafer.

[0004] To provide increased density, feature size is reduced. This may be
achieved by reducing the critical dimension (CD) of the features, which requires

improved photoresist resolution.

[0005]  Inthe etching of deep and narrow openings sidewall bowing may occur.

Such bowing produces curved instead of straight sidewalls of the etched features.
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[ 0006] To achieve the foregoing and in accordance with
t he purpose of the present invention a nethod for

wetohitomy9a di el ectric | ayer over a substrate aPdI/UuS2006/008302

di sposed bel ow a photoresi st nask is provided. The
substrate is pl acgﬁ ig 3 gl giw chanber. An
etcliant gas conp O O nponent gas
conprising at |east one of H2S and a conpound _

GOAIGH Ni G adtlicdARS For B £ AhcSHtddée WA ile b?txp@ﬁ&%/ﬂhtgé Bresent

into'the plasma chanber. plasma 1s forned om
etciméint agashodipatiohiag aalidedtic hgdr over o stistratetand dispgsad below a

R oL he e DA A DAL Sl S
R PR LR AR B oo
i3S pad ednippurad sunthing belecastdnababen sulfilrdoad (dprbeided irits the
2, LRt LA TESh U2 ALt B
e D R R O O RS: LB AR plo B O 8 bt o

processi ng chanber enclosure, a pressure regulator for
(@7 at i ngprbther praedsstatieniod tlichavelteama appae@s forrfgrming a
hanber encl| osure, at. | east e el ectrode for
FOWe ffhagdlﬁ%ﬁw IB6mrHeTa Tl e doer RoUEPRIfRJe 2 substrate
8RE LWASHYIE tHe REchI bt & d@)'vglg:d%y%gﬁl%f@esiﬁ @R id ﬁ;gie(fi.oA plasma
providing gas into the plas processi ng chanber
pneiessng ehandey camgrsesauthhmberf wall forhungsd plagmgpsockssong chamber
asm cessi ng chanber enc] osure, . as source

th I A .
eRclorpg 4 el HIPROT Sy SHPPPTPEG SHERIayc ¥ ihin fHplasima processing

gxtmasér%%aom,ud gregsufeqeg.ﬂat%pro&é%aag%ﬁtﬁgﬁeggur@fn%i: 12892

east one OFH2S and a conpound ning at ast
oreessahdnndet ¢ncloshenet lamst oanelERrauocErovilingortwen kd tire

is controll abl onnected to the gas source and, the at
P %’@PS?F@S%%EQI GECIEHRFUEDPp P SERING @ Plasky 2 gpsetnlet for

PEAAERE e A0 PIRA BloceRAAH LIy End £ RNt for
pxloanistinggasdione thehdasimagascesging chantyg eaBloane A gaskdutte is in
onponent . gas, .Cc risin t least one OFH2S and a
@arnigwﬁact@gw% filpmr%es ip{e! Padeompits agH e PosoRERt 836 frRpre for
Pfgv?dihg Gt 1@5%? %ﬂ?oﬂ?[mr :cheo(ﬁgégﬁﬁh %BH‘%%?%&(R h&sCAMG RN sulfur

ormng a plasma fromt chant
bond and an O, source. A controller is controllably connected to the gas source and

the at least one electrode and comprises at least one processor and computer readable
media. The computer readable media comprises computer readable code for
providing an etchant gas comprising O, and a sulfur component gas comprising at
least one of H,S and a compound containing at least one carbon sulfur bond into the
plasma chamber, computer readable code for forming a plasma from the etchant gas,
and computer readable code for providing plasma conditions to cause the etching of
features into the dielectric layer through the photoresist mask with the plasma from

the etchant gas.

[0008] In another manifestation of the invention a method for etching a silicon

oxide based dielectric layer over a substrate and disposed below a photoresist mask is
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and conputer readable code for providing plasm
conditions to cause the etching of features into the

wao@lcact4s c | ayer through the photoresi st maskp@i/ulh2006re08302
pl asma fromthe etchant gas. [0008] I|In another

mani festation of . the invention a nethod faqr etchi a
RPTen T o5 FUpelr g §cklocss oh SIS PRagy BTG P ler SO Ry s
BYaloTote f | 3tor BBRSoeRPER ot PRlisinE e least

e v e e N R S e
@leaTaNSs @ds oamppuidianpiaing ktlerstnae cabpo sahr bodd isrdvided
sul fur_ conponent gas conprjsin | ea one H2S
Rl pISGIRG CBBPen HF TRe FleBal ton sl oS oe A DS
| . bt GRIRE fwheWie iR sAlAuh@mponent
éé‘?%lﬁg%ﬁ%gegt h%s}ﬁshggl?@]@%@aas Flow and the sul fur
TOMOTRREe@s- 0&sofths sichamt geofipwn dnplagrmhais, fomsk zom thae
sul fur conponent flow.,s bet n 0,.1-10% of. the . .
etehanh aes. Jieaturesgie otahgsh igtofge Féﬁ%ﬁﬁ’amfﬂ%&%ﬁ phptorgsisimpgk with
@%élas Sat 88 RiSnf Lhed into the etch layer through

photoresist mask with the plasnma fromthe etchant
gas. [0009] These and other features of the present
jooueNt i OMmevd drld dikerdesnes betdic presemtrievanéipainill be dowwribed in more
the detailed description of the inventifn and ip h th
&ei] belewiiaphedatsled descriphpp@f thg TRYSgHPR and jBpgogpmetion with the

- OF THE DRAW NGS [ 001 0] The present
ﬁﬁ%ﬁﬁﬁéﬁg I'S illustrated by way of exanple, and not by
way of limtation, in the figures of the acconpanying
drawi ngs and BRIERDHESARIREIQN EHE N4 |
simlar elements and in which: [0011]] FIG 1 is a flow
chart of _an enbodi nent .of. the ipvention, Fl.G !
AR o7 crEuERal P oaR g Ped BY P of Batplr ol pbt 69 wib of
ﬁﬁqﬁgﬁl&ﬂ?ﬁ‘ theH g ity RRBbI Py il DBARIngs lafed iBwhi&haike reference
schemat’ic view of a plasma processi ng chanber that may
hemesisdefeoto ginilar elgmerfitg@udin which: S 4A-B illustrate a
conmput er system which is suitable for

[0011] FIG. 1 is a flow chart of an embodiment of the invention.

[0012] FIG.'S 2A-B are schematic views of a layer etched in an embodiment of

the invention.

[0013] FIG. 3 is a schematic view of a plasma processing chamber that may be

used for etching.

[0014] FIG.’S 4A-B illustrate a computer system, which is suitable for

implementing a controller used in embodiments of the present invention.

[0015] FIG. 5 is a profile of a contact etched without a sulfur containing

component.
[0016] FIG. 6 is a profile of a contact etched with an H,S additive.

[0017] FIG. 7 is a profile of a contact etched with a COS additive.
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i mpl enenting a controller used in enbodi ments of the
present invention. [0015] FIG 5 is a profile of a

W@ eobAact49et ched wit hout a sul fur contai ni ng coOPPDUSIUING/008302

[0016] FIG 6 is a profile of a contact etched with an

H2S a%j}\ﬁ% ID%%%JQ[BJHQ?\IQ% ] E%B%F%fl | e of a cont ?\?ﬂ“th%

et ched~wH—a—cE5—additve A PES

PREFERRED EMBODI MENTS [ 0018] The present | nventl on

Vi0018] nowrhepfest imRaton RilfgRibk dWictiBed ﬁic &ia\win 'i"é}en%nce toa

few preferred enbodi ments thereof as i1llustrated

tipe pErfesehembedigients shdrerfes illustratod if ﬂ:ﬂe|aowm1gmymgfdramﬁgs. In
rreroussecfl ils are set fort

15 BRI Gop e 8BRS ot drfi s seh g nor Febrovide a

i@ SREH urldemeddi f thé Mbdrk iR@n@RPat §7l be AR howeer, to one

one skilled int that the present invention nay

Elélllsii e thicatel that thﬁmqsestomlmpn aldy tefpradties@withewtisbing or all of

e NI O R TR

Qéﬁkﬁﬂioﬂb@em &dscHPOPRRREA1h loydep W%ﬁﬁné&@saﬂv StBhre '{]ileé)reient
i nvention. [0019] To facilitate understarnding,

insveatumgh | evel flow chart of a process used in an
enbodi nent of the invention. A substrate with a

A A TN
Q5cdSs 98 ehibehent bf thetifivhtion Rfsuﬂ\ﬁled'ieewﬁgﬁkﬂ?é 1%2(%11% 0

with a dielectric layer 220 i s provide

pravided difopl il ntToofaciibete ulldceahatndmg oﬁtheelmfﬂlhmtrr EI@ 2 d Goss-
e g R AN G R -

GLparU4g. Bagmecknhitikestic® iRGhTdtioh a%E Eu&'traferz")sl oR¢ & glﬁﬁég%afer

enmbodi ment, an antireflective coatl ng
pad the dickestay layen 78 isn @ﬁﬂCDlayJeude baed lwmmelectes mmtermhsk

&é%l?%‘ﬁﬁée 8\\7/v21 81te egterlc? % {}-;?tﬁg Sgg%qd %&{pd{lﬁ?@%ﬁ&%ﬁ#@ﬁecuve

|
chan S?R‘},&ﬁy@r 110y P B0S0T i AR PR LGSR i p2s.

which ipprg 1]?5 182 EEISQTWQOWBS@OG foimadd ovey the dielectric layer
220 (step 108). The substrate 210 is placed in an plasma processing chamber (step

112).

[0020] FIG. 3 is a schematic view of a plasma processing chamber 300 that may
be used for inventive etching. The plasma processing chamber 300 comprises
confinement rings 302, an upper electrode 304, a lower electrode 308, a gas source
310, and an exhaust pump 320. Within plasma processing chamber 300, the substrate
210 is positioned upon the lower electrode 308. The lower electrode 308 incorporates
a suitable substrate chucking mechanism (e.g., electrostatic, mechanical clamping, or
the like) for holding the substrate 210. The reactor top 328 incorporates the upper
electrode 304 disposed immediately opposite the lower electrode 308. The upper
electrode 304, lower electrode 308, and confinement rings 302 define the confined
plasma volume. Gas is supplied to the confined plasma volume by the gas source 310

and is exhausted from the confined plasma volume through the confinement rings 302
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be used for inventive etching. The plasma processing
chanber 300 conprises confinenent rings 302, an upper

webectinmde 304, a |ower electrode 308, a gas SPOT/TE2006/008302

310, and an exhaust punp 320. Wthin plasma processing
chanmber 300, the substrate 210 is positioned upon the
laaden cehast pastiey Begxhaustpyrame?0.eBesidas bglpiigp® exhaust the gas, the

B5RROLR 320 BuBhld PR SHBRERT E Lol Rt ke 510
| dokisdsd sullf@t BbfortdRescids3 1nake02 dGhircel BB, hEARE Rbrihd P

328 i ncorporates the upper el ectrode 304 di sposed
icempdhent epyrcopposThegasiseuico wey may derthes dempBng: otifgregas sources.

u el ec de,304. .| ower el.ect,rode 3Q8 n

R B i ey Bt hor B R d Re BerrofR 308, Chamber walls
\33b WiiBouridathie bénfiieRRint Afzd 302 HR WBPET dlsteddoBes mad R ldter

by the gas source 310 and is exhausted fromthe

cdaetrioaed0% | Dfeeeny spmbmatipsotfghnndsting BhfHomentnthe claggede are

302and an exhaust port b h aust 320.

SOSTHE s Ha PR o Shrarit P B2 SEHE 25 pOMER 0208 sqpegs makce wp
JRORPQbRST §UrdLTI8 cthBediEHINE R cllebirdd e APl WP Pér. clddh@de is
gas source 310 conprises a sul fur conponent source

Froundgdy & copiplder 33565 caprngllably|comracted te dreddln eprrca i, gghaust

318. e gfﬁ sour ce may further conprise other gas
§gﬁlé§@fa nRESTNT €’ 348 is-electrically connected to

the | ower el ectrode 308. Chanber walls 352 surround

tjo@21gonf FIRend ahd BBS 1184531 4 fEnpiREefstehestll @lfh3Oduitable for
and the | ower electrode 308. Different conbi nati ons of

denlrawniing 2 Rentpdige 833 ysadha cabedintesteoldhepisesss ipeation. HG.
preferred enbadi nent he 27. M1z nd ower

JELTOSS HEREPe ﬁ%s“‘ﬁﬁtf ey é‘e%‘o e s
tcBﬁxphﬁé&“\gfst&ﬂl afaly hademaayp gh sitQl FORRS Far@lRCAdR AR ihtSgrated circuit, a
grounded. A controller 5 is control l'ably connect ed
trointadeciRpit Sourd candamgnalbikandbeld dgvinpup xoa begedsupbrecogapsiter.

N A LT e
Ik 80BN tdyBoatd 820} ndl d Bbus3 322 UDRdt 412 is FoosbiRAtcdMe
the present invention. FIG 4A shows one &gSS|ble

phsddire aped tortransfer defe te anfplien compuicesyistent 8@dur se, t he
computer system nmay have many physical forns ranging

LG R B RAR SR b P i 980

CQERHERI0- 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 (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 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 may also include any of the computer-readable media described below.
Fixed disk 826 may be used to store programs, data, and the like and is typically a
secondary storage medium (such as a hard disk) that is slower than primary storage. It

will be appreciated that the information retained within fixed disk 826 may, in

5
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Conput er system 800 i ncludes a nonitor 802, a display
804, a housing 806, a disk drive 808, a keyboard 810,

wanacaomwiise 812. Disk 814 is a conput er-readabtEUS2006/008302

medi um used to transfer data to and from conputer
system 800. [0022] FIG_ 4B is an exanple of a bl ock
dPBRpPEAicicates conipertapralilsn sindwd fashiancps vérgnal 8158303y Epinemory

353 R P oo DRy BB T B0

QRLEbeabelogoupl ed to storage devices, |nclud|ng menory
824. Menory 824 i ncl udes random access nenory (RAM
and read-onlézmem)r . As is well known in the

40923] ROVCBE S 2tinalse amﬂrl@ir tocratazieaf inpifortpet deynees, such as

naII nd .RA used fy
A PR 0ol and B g o B R butpu
etie mayBetahy 6f: v‘idb@&ﬁsrﬂa@l@eﬁadkfbam? Bicé, Sy hakydd, AfiérégBones,
any suitable of the conputer-readable medi a descri bed
B@IIC@WGHNIV@ &lé@la)éﬁ, §R115812661‘| Céldalleééﬁr% Gasnelde or paper tape readers,
E tilgs %git %%oarg)ia g;P r1t1 reco afés%szi %I\llok% B Zr%g%eré %?%%}her
Gomputesy. Oma@m;ﬁloﬁﬁdy fmagxl 88 @Mﬂlﬁﬂtobﬁbth‘ﬂ ccﬁnpmet dhi sk
826 may be used to store prograns, data, and the |ike
aelgcanemysipatioas ngtwprk Being delxprls trmr&gé 8 dMith sk @meafsorh

\I;fﬁtlrefjfa%lé ﬁggp %ornli]e%g% flt%g %Jtla]% W}s ({J%ﬁ% Y ﬂegreng{é/ m%or ﬁgl:ie ﬁé’ &1 the network,

Wi indl it duitpt ¢hBingdtioB 26 tHeetwbikap Bie0ddiisatof p@ﬂ@tﬁﬁllg be above—
i ncorporated in standard fashion as virtual nenory

fesstbpd gmthodméspsy HBrtkeraioss ngeflaodeybadirents pethe @Wﬁe@‘f invention
% egggglﬁg L&k gy ugglgo %{695 ?ﬂ & f%éé‘r&ﬁfg?)@gr %)Eét\%%{a S;ugﬂﬁg hte Internet

d@\t@@@ﬁctxoﬁuﬁﬂl @ﬁenﬂitéQP@yth&%areK @pbﬂﬂ»mf&i@%mmsﬁﬁg 812,
and speakers 830. In general, an input/output device

be any of: video dis Iays track balls, mce,

I{ ar ol additonogmbedizents o dis-presest inveionifupsharyelate to

transducer card e ader s net i er
FRRR{FL Bfagk PidunCRIAR £ corlPG ool mPARE pHASg computer code
HRGESH HoZ 951&0@11 U@idu's %Smﬁ)ﬁﬁéﬁ-ﬂﬁ mehite@bPEhtiGRNPHE Bledia and
Pe
ly may coupl ed to anot her conputer

CPU 822 ona
spmpuice @Qﬁgmm heaﬁhpweﬁl@ﬂm‘ﬁsxgn@d@n@ constreted forthe prmeses of

%e present( thvait Cforh 8 h%/ \ﬁloaryl%e of the kind well known and available to those

having skill in the computer software arts. Examples of computer-readable media
include, but are not limited to: magnetic media such as hard disks, floppy disks, and
magnetic tape; optical media such as CD-ROMs and holographic devices; magneto-
optical media such as floptical disks; and hardware devices that are specially
configured to store and execute program code, such as application-specific integrated
circuits (ASICs), programmable logic devices (PLDs) and ROM and RAM devices.
Examples of computer code include machine code, such as produced by a compiler,
and files containing higher level code that are executed by a computer using an
interpreter. Computer readable media may also be computer code transmitted by a
computer data signal embodied in a carrier wave and representing a sequence of

instructions that are executable by a processor.
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interface, it is contenplated that the CPU m ght
receive information fromthe network, or m ght output

WO ndosromds on to the network in the course of peCT/OSINEKS302

t he abovedescri bed nethod steps. Furthernore, nethod
enbodi nents of the present invention nmay execute
48028ly  upsrrttpy B9 2owprisiag obReqivupsanpancnkgasPRIPESEE at

st O SAYY "sr{h%t éoﬂ}p%ﬁﬁél 861&&1&1&% a‘f"'leaE‘t o[EHB GE‘E‘? uﬁ?ﬁ%oﬁlﬁaé

ares a p Ion O € process

a‘dﬂnhe QBmp &R hden irferiafas Jueh ps A;s exe of Bl‘ée mhb eamf)onﬁrtm er
relate to conputer st or age products W t

contpiniag atleastiang earbRaciUlH bonk mhﬁab@pr@m@é tb¥ CQDAECS:. An
f f
gggglgg%of r?g tc?u%'it £ g& g% gb L%dﬁssuglgl;%ggggo s'c‘ERn %“F[t, g%‘b scem O,

2p€ disath Y,8eE gfeftned émbodisidnt 6f 1hd idventidd) eh@smm s&sp&ient
the present invention, or the be of the kind well

rgﬁsalm ayRlume £ps Bow dhat ¢s hahye h«lp fgke tatalivelunpgeof the etchant

SRR T BBl Qe R, % ol SRR £ RO o

Feehthasisbatwebed i09K5% Jrliappial dbisk of et HRANEAS flovk. 3R Bie most
optical nedia such as CD-ROVs and hol ographi c devi ces;

pEpaedbepbodimeniyiisalfsicomponent g rivelimaias flow thatis between 1-
% ooﬁﬁé?%gF%ﬂ&%S }%@ 3%ﬁ%g§§kﬁlly configured to

ore ecur such as
appllcatlon specific |ntegrated circuits (ASICs),

PO62] anTEhd echo@iss id evhveesd (P4 Prima (WeRAW) andthiR8ample, the
devi ces. Exanpl es of conputer code include nachine

eeseurediy te plasnisr Hamders 55t 24 28 eIt eFhe R dorpe mgvides 1200W
b
g@%%sﬁﬂ[t gprl\gHQ 'agg' %Od %ﬁg afp S/ﬁ—lé h@? FPE:Q ARG e%[t:}ééﬁngaasl ] used

ng an 1 nterprete er reada

@ ytch If@mux’esaz}mﬂmuﬂle dict@tite lay@e0] id hdwhlin ICAPGt 124). An
data signal enmbodied in a carrier wave and
PEPRS BEREISHERb S g Encenaye thersmateng phipdoresisimaskewhile the

SURERIAD llr?ﬂ}%%fﬂ%ﬁﬁ 98&§$€%cﬁa%%§gst@n{ﬁépham gas

conprising o rconponén as conprising at
| east one OFH2S and a conpound containing at |east one

¢(am<p N sUhik émbbdintknt Maf belasdde ethrsiaabkidedasedadicletteict
such as Ar, Xe, or He. The conpound contai ning at
lrreaé@fta sectcasrsiinen ol dend jgegrao siligatselass.obp gish sﬂyson:wd@rbased

gr%%ecifgpgjg ?@%Lﬁ &(‘51? ncé)_ ol r{t S 9%% 11?%’6 Cl?&lalllp gas %19 ostﬁ
manifestation of the invention, the 1nvent10n may be used to etch low-k dielectrics,
which may be either organic based or silicon oxide based. An example of an organic
based low-k dielectrics that may be etched by the invention is SILK. An example of a
silicon-oxide low-k dielectric, which may be etched by the invention is organo silicate

glass.

[0028] Preferably, the invention uses a photoresist of 193 nm or above. Such
photoresists tend to have a low carbon to hydrogen ratio (C/H ratio) and are less etch

resistant.
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and 4 seemH S. In a preferred enbodi nent of the
i nvention, the sul fur conponent gas has a vol une gas

wob@aaivhiat i s between 0.1-10% of the total vol PaRUS1006/008302

the etchant gas flow In a nore preferred enbodi nent,
t he sul fur conponent has a volunme gas flow that is

H802Men b Bisersmls, e feeftues 299 pishacbaspesiaaiie Eatives dadhe

fl ow t . r ' t )
bR DR PBLALESATRANLRY col BB Wy viar
akpdcheatioasfak 1easd e of the etchant gas flow [0026]

The etchant gas is converted to a plasma (step 120).

In this exanple, the pressure in the plasna chanber is
JB030); 2F thyswlfur compongnt SdflaSe eB RGRIPBSOYEGYNRER s at

ey RRtor kb eitidofsBh a0 11818 3500 | e Yarbon
duilelsdrd. c | ayer 220, as shown in FIG 2B (step 124).

An ashi ng process may be used to renove the remaining
phot oresi st mask, while the substrate is in the plasmm
proceé@ﬁhéggﬂénber (step 128). [0027] This enbodi nent

may be used to etch silicon oxide based dielectric

MBS l An SYERIAS Slabrhf EnAXHAEIANSh QERARQaSotld AFEF /O,
glass. To etch silicon oxide based dielectric

rehemistyl veithcart H,8 oras perfoomdend nompared seth dnretetheitie tig hiwhant gas

gas. In ther manifestation of the invention, th
B A oo ey IS QT A5 RSCHIT 10T eieRIRE Sl o aped

.
T

echahicgmdvithout HeS.i nvention is SiLK.  An exanple of a
silicon-oxide | owk dielectric, which may be etched by

the invention . is organa silicate glass. [.0Q28]

IR ATE N KT S TSRS
| dh B Ry ARRY 1, S SN Gign R Qb RRtiSE $n faEBEw! OD RedRn @s HOWis added to
carbon’to hyérogen ratio (CHratio) and are | ess etch

rtes presstby[tBO 2edighter sidivallexfitheletch rirbBlef6d8t ur es 232 are
hi gh aspect ratio features. In the specification and

SRl Frs' Cohe G bR 1 0 et TRl i

Ar/C4F¢/O, chemistry with a COS additive. A significant reduction in the bow CD is
seen as COS is added to the process. Being iso-electronic with CO,, which is a
relatively inert chemical, the COS addition does not induce a shift in ER or in the
selectivity of the fluorocarbon-based plasma etching processes. The profile control

benefits of a sulfur containing fluorocarbon plasma etching chemistry are obtained.

[0034] Without wishing to be bound by theory, it is believed that polymer is
formed to protect sidewalls of the features as the feature is formed, where the polymer
sidewall helps to reduce bowing. The fluorocarbon or hydrofluorocarbon component
may be used to provide the sidewall polymer. During a high aspect ratio etch, it is
believed that the protective polymer sidewall is etched away at various parts by ion
bombardment, which causes the bowing. It is believed that sulfur bonded to carbon,

either that is formed during the process e.g. H,S and fluorocarbon, or is added directly
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[0030] If the sul fur conponent is H2S, then a carbon
source such as a fluorocarbon or hydrofluorocarbon is

waole&icriet9s o provi de carbon to form a carbon subP€DUS2006/008302

bond. Test Results [0031] An etch using a plasna

chem stry using@an etchant gas of a Ar/CAFe/ Q2
dhplrsmere. Q% dgeomednourorpied iwe tharidavrlpmpascmdinales the

an.etch with an _etcha f an Ar/ CAF6/ Q2 chemi stry
\ﬂQﬁW%gWo r&ﬁ@?ﬁ?sﬁmﬁg?ggﬁgging a silicon oxide based
dielectric layer. FIG 5 shows the profile 508 of a

qoosdsict 304 iRkatiatdddes nbguseheoaporent gheihanhasg@soxwbérhailfur
H2S. [OOSZ% FIG 6 shows the profile 608 of a contact
éondeiehedSQsi Hgnadlaror esrepomdwihp sarbpn gk hapd provides

}i g%g%eg %t%]reﬁsg I g Eélﬁ&g{?ﬂ‘& %ag ?ha? RYK %E?)é%elz ?gglrv\gll%flg?sg?lll 8s SO,.

cess Stral

tihgaseeeh fqimdfthateS BQBusds 00S3]ratiik Sffeots sivdvis 163 fphobidsat
708 of the contact 704 etched us%&%_an Ar [ C4F6/ Q2
crleailgEr gndvpsseiamdernysreplactiviy. In asidgions seamdOp BIGESEOTSS

i | e

4 SR PSR S RS, e L B s o
ith& the abest £allfuricbep6Xdnt padiiddd by thomsemidn. | Tiduse ofia sulfur
shift in ER or in the selectivity of the )
faompene EBe At Hdeashons eldi B cAibRY bppdrdeidfashelppavoid a sulfur

d§$d§30 é&ol benefits of a sul fur containing
fluorocarbon pl asna etching chem stry are obtai ned.
[0034] Wthout wishing to be bound by theory, it is
He03@vedli bratr gobodiments 6 the invedtidg tir etletiyesimdebaluh-goped or
of the features as the feature is forned, where the
slopgdaitican diewisie|(c.Bel RISt BPY NG clshwisrgo-stlitate glass (0SG), or
fl bon or hydrofl uorocarbon conponent may be
gggkggﬁ%Tovide the sidewal | polyner. During a high
aspect ratio etch, it is believed that the protective

qoo3ymer Fhelewad mahpmethobesh valviely thad inverticausnparappliddyfor the
i on bonbardnment, which causes the bowing. It is
tsentagt/aeh prosesssOne Wiy oaadd 2 swall amesnt ofdilsHer ©fapnd/er

(CHBICALEIT Aol s OGP B o S, o BTGRP

| Aealigravatiec pulkotht RS Jotedvaing thobtyhprocasigasyaknass thhghe basic
chemistry (fluorocarbon and/or hydrofluorocarbon chemistry) is not modified. The
H,S flow, the H,S pulsing periods and its frequency, can be adjusted as a function of
the degree of difficulty of etch. Another method is to alternate sulfur containing
plasma chemistries with nonsulfur containing plasma chemistries. The difference
between the third method and the pulsing method is that the basic fluorocarbon and/or
hydrofluorocarbon chemistry can be very different between different steps of the
process. Different permutations of these suggested processes can be tailored for the

particularities of a specific feature that has to be etched: aspect ratio, CD etc.

[0038] The process chamber can be a: CCP (capacitive coupled plasma) reactor or

an ICP (inductive coupled plasma) reactor.

[0039] While this invention has been described in terms of several preferred

embodiments, there are alterations, permutations modifications, and various substitute



si dewal | polyner nore resistant to etching. [0035] The

i nventi on does not use a conponent gas that has an
w@z0pgaor4sul f ur bond, such as SO2. Using H2S orP@I/US2006/008302

compound wi th a carbon sul fur bond provides advantages

over using a conmponent gas that has an oxygen sul
Rty aleniscWhish fabprithin the seops @€ Hhis Bypfiann di sl@@%éﬁ%b%noted that

lfﬂ g ﬁ#e 1ﬂ£’r yeaI%MéﬁQE W %J ?Pmﬁ)g 141&?[&1‘?1% %e ﬁPﬁ%?g Sﬁ %)Fpafaﬁuses of the

I'VI '0ss” 0 rse
qﬁléheﬁﬂ iaventi®a g iSQRrEbRAaRaeSE] tustethél fdhwinngsrhd&d ¢10Rs be
of SO2, because the SO2 is believed to be used for
pmpm@té@ apipdingdlsuch éltmféortsfpwtﬁtlpm, a@é Nﬁlé%rﬁﬂlbs'ﬂmte
|on use

SO blcER s T Ml R S el B R B R e
sulfur helps avoid a sul fur bonded to oxygen. [0036]
In other enbodi nents of the invention, the etch | ayer
may be un-doped or doped silicon dioxide (e.g. TEGCS,
BPSG FSG etc), organo-silicate glass (0OSG, or porous
OCSG. [0037] There are many nethods in which this
i nvention can be applied for the contact etch process.
One way is to add a small anbunt OFH2S to a CxFy
and/ or CxHyF2, O2, and inert gas plasma etching
process during the full duration of etch. Another way
is to pulse the H2S flow during the etch process,
assum ng that the basic chemistry (fluorocarbon and/ or
hydr of | uor ocar bon chem stry) is not nodified. The H2S
flow, the H2S pulsing periods and its frequency, can
be adjusted as a function of the degree of difficulty
of etch. Another nmethod is to alternate sul fur
contai ning plasma chem stries with nonsul fur
containing plasma chem stries. The difference between
the third nethod and the pulsing nmethod is that the
basi ¢ fl uorocarbon and/or hydrofl uorocarbon chem stry
can be very different between different steps of the
process. Different pernutations of these suggested
processes can be tailored for the particularities of a
specific feature that has to be etched: aspect ratio,
CD etc.

10
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[0038] The process chanber can be a : CCP (capacitive
coupl ed plasma) reactor or an I CP (inductive coupl ed

w@basmap9s eactor. [0039] While this invention hPesUSB®B008302

described in terns of several preferred enbodi nents,
there are alterations, pernutations nodifications, and
various substituteequival eggsmhi ch fall within the
scope of this invention. 1T should al so be noted that
there are many alternative ways of inplenenting the
ekdicddaired isippar at uses of the present invention. It
is therefore intended that the foll ow ng appended

| ai ms, he..interprete I.nc [ -
I ter 2t Mo BLONRER aRTRERI A% oo dpd gispgsod below
SUbtoyesist AaSk,admipaiking t hin the true spirit and scope
of the present invention. CLAIMS Witat is clained is:

1. Anethod for etching a dielectric |ayer over a
subst micingthe seistpisde 8 PhsmawrecesHpg ehaddiest mask,
conprising: placing the substrate in a plasm

proce : ; -
Compr 2y Aang g angt 8t Piphile 87 afd g%k Aifonentens
lceaptisimpat Ihtldhe anH,$ andapaupsindadhining gl 1aist beasdrb@nsilfur
carbon sulfur bond_ into the plasma chanber; formng a
oad irfo thedammechef®Blint gas; and etching features into
the etch layer through the photoresist nask with the
pl as : teeh &aéﬁ : nmet hod, as recited
in crg?%@§g3§ﬂ§F§in tﬁ% etc %%?’%gg has an etchant gas
flow and the sul fur conmponent gas has a sul fur
conportehing featwres wite tled etch heesthidugh tlrgrhptaresist thdsbvwiitsthe
E@%mee 0..1-1Q% of the etchant gas flow. 3. The

Sﬁlﬁ‘oé, oy theIehapkepSi n any of clains 1-2, wherein the

sul fur conponent gas conprises at |east one O H2S,

Q0S,  and riethad, 4s rebited MESIAAN], WAerdif ehd &chanhgAM4s @h etchant gas
clains 1-3, wherein the dielectric layer is a silicon

dlavdandihs ed futicemponent gas basersudfiidcarhgonenicienmt wigasin the sulfur
fcgrrntpgrelént HOWAS betwees O.f : P(S%/ro 'of fhe etchant gas flow.

3. The method, as recited in any of claims 1-2, wherein the sulfur component gas

comprises at least one of H,S, COS, and CS,.

4, The method, as recited in any of claims 1-3, wherein the dielectric layer is a
silicon oxide based dielectric layer and the etchant gas further comprises a fluorine

component.

5. The method, as recited in claim 4, wherein the fluorine component is at least

one of a hydrofluorocarbon and a fluorocarbon.

6. The method, as recited in any of claims 4-5, wherein the silicon oxide based

dielectric layer is organosilicate glass.

7. The method, as recited in any of claims 1-6, wherein sulfur component gas is

pulsed.

11
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conmponent. 5. The nethod, as recited in claimd4,
wherein the fluorine conponent is at |east one of a

woyawabi4saor ocar bon and a fluorocarbon. 6. The PeT/SZH6/008302

as recited in any of clains 4-5, wherein the silicon

oxi de based dielectric |ayer is otqanosilica e 9I%§s~ .

B, Thehmenpeeds fasforming alaiuFesdn g diglediaaygs, yherein the dielectric
er C . .

B LDl CAPRARE Rl FES O A BP0 RRBR Brei

nhekdéophging: ¢ | ayer is supported by a substrate and
wherein the etch layer is covered by a photoresist

mask, caQnpri sing:, aéﬁLa%ra processi ng chanber,

conpr i3RIAEE2 ROeHsAB SRR COMYIHINEy a pl asna processi ng

chanber enclosure; a substrate support for supporting

a substrate éﬂaﬁlﬂbﬁwﬁlhﬁ)rﬁlir%s aRh PRSI hBABRIclosure;
ul a

encl osure; a pressure reg or for regulating the
pressure in the plasma processing chanber encl osure,;
at | east oresubjteate supgert fforrsuppeing iasgbshiaieewitiip thejplasma
pl asma groc ssing chanber enclosure for sustaining a
11 v Q“E@?rgﬁg%?u$or provi ding gas into the plasma
processi ng chanber enclosure; and a gas outlet for

exhausti ng GagsshrfeaBmiiiier R {RIEAREHBEINE BBEPREma

enclosure; a gas source in fluid connection with the
gascesyihgchandsnprdlesurgy; a sul fur conponent gas source
for providing at |east one of H2S and a conpound

contai ni ng a?iealsteo%%tele%{}gdec%g Bpor\]ndciﬁé {)%erbtg ngé plg&lqa &%c%img

sour ce;
chamber enclosure for sustaining a plasma;

a gas inlet for providing gas into the plasma processing chamber

enclosure; and

a gas outlet for exhausting gas from the plasma processing chamber

enclosure;
a gas source in fluid connection with the gas inlet, comprising;

a sulfur component gas source for providing at least one of H,S and a

compound containing at least one carbon sulfur bond; and
an O, source;

a controller controllably connected to the gas source and the at least one

electrode, comprising:
at least one processor; and
computer readable media, comprising:

computer readable code for providing an etchant gas

comprising O, and a sulfur component gas comprising at least one of H,S and a

12
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a controller controllably comected to the gas source
and the at | east one el ectrode, conprising: at |east

woon@ecanmeessor; and conputer readabl e nmedia, PCT/US2006/008302

conprising: conputer readable code for providing an
etchant gas conprising Q2 and a sul fur conponent g%s
comporad peptainingess iestome catbopsg fahend derpesipgsma chamber;
contai ning at | east one carbon sulfur bond into the

pl asma chanber; i

plasma fromt he eg{cE F&%Qr? éadﬁﬁé‘é&?%ﬁ)g ?&ﬂﬁ?%%lraglgg%ﬁ&h@ ctchant
cgagﬁanfdor provi di ng plasma conditions to cause the

etching of features into the dielectric layer through

t he photoresist mask with the sma from et chant
gas. 9. The appdicHer repdablgep %%IPFP"&@IBEH"{ Sma\ﬁﬁé‘{z%?pr? to
t

TR B 9RO u8 B0 At A FLED o

piidls the pldsambiesm cengeliaaegasconput er readabl e code for
provi di ng the etchant gas at a flow rate and providing

t he syl fur conponent OM/r te and keepi.n

the 71" bie oatgiby et efim 3 yeir B CaBPier tialapScode for

%x&w&&é’ £ etdBt £sQWin gﬁﬁlﬁg o, ah@% sﬁff&tl L%%poﬂ@@t ga@ Q}to feelasma
pparatus, as recited 1 n any clains 8-9, rein

tdhembent éammsrpmmarttr rgahbtquc f@q:souﬂllltgéhssttclmme gafat a flow

H2S, , .and CS2. 11. The appara C|ted

A 91T S U ST G ent PR arbrerant Kegies tedioy rate of

Shé L@aR B gﬁeﬂ% %§sel9’etgé§f ®e110bSof BY Bbwadd of M&EIRIWNgdshe

conmputer r e code for providing an etchant gas

conpri si ng 02 and a sul fur conponent gas into the
plCas el Teheppbetusf asretitad ip any diidsines §-Pughdreis thiombion epmponent

%gzaéagl.%ﬁg'? &%t us, ?EI éﬁe&)ged i n.cl glf mall wherein the

hydr of | uor ocar bon and a hydrocarbon. 13. A nethod for

efichi nﬂl@ap%hl.lahﬁoﬁb 10ted8n BAY 81 £E6,WiterdiA VRS diO¥@FicFayer is a
substrat e "and

silicon oxide based dielectric layer and , wherein the computer readable code for

providing an etchant gas comprising O, and a sulfur component gas into the plasma

chamber further provides a fluorine component.

12.  The apparatus, as recited in claim 11, wherein the fluorine component is at

least one of a hydrofluorocarbon and a hydrocarbon.

13. A method for etching a silicon oxide based dielectric layer over a substrate and

disposed below a photoresist mask, comprising:
placing the substrate in a plasma processing chamber;

providing an etchant gas comprising a fluorine component, O, and a sulfur
component gas comprising at least one of H,S and a compound containing at least one
carbon sulfur bond into the plasma chamber, wherein the etchant gas has an etchant
gas flow and the sulfur component gas has a sulfur component flow, wherein the

sulfur component flow is between 0.1-10% of the etchant gas flow;

13



di sposed bel ow a phot oresi st mask, conprising: placing
the substrate in a plasnma processi ng chanber
wW@e@eilai4pg)y an et chant gas conprising a fluori NBCT/US2006/008302
conmponent, 2 and a sul fur conponent gas conprising at
| east one, OF H2S a a conpound cont ai ni ng at | east one
carboﬁbgﬁFgﬁﬂﬂ%@Wdhﬂﬁﬂ@Iqhglg%%ﬁﬁichanber wher ei n
the etchant gas has an etchant gas flow and the sul fur
conpo e
cul Tur an@RRuiasd (B EH ey POTRRARE e D HIRAR ek B
gil ashanfirorgdlse éttloant o m ng a pl asma from the et chant
gas; and etching features into the etch | ayer through

the ph tore mask. Wi th t | as t he et chant
1C T E ‘?ré‘ﬁh‘?%ted gyclpigy P’f R ea%u § QPMRGNEALSas
t Iﬁggggq&gpgggﬁqgﬁe o8, g ses at | east one O H2S,

and CS2 as recited in any of
clainms 13-14, wherein the quorlne conponent is at
lidast Wreemethod ahyetited inuaryod atdios 13+11d, whéremche daetmemncomponent

is at least one of a hydrofluorocarbon and a fluorocarbon.
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