ETCH PROFI LE CONTROL BACKGROUND OF THE | NVENTI ON [ 0001] The present
invention relates to etching an etch |ayer through a mask during the
production of a sem conductor device. Mre specifically, the present 5
invention relates to etching a dielectric |ayer through a photoresist mask
during the production of sem conductor devices. [0002] During

sem conduct or wafer processing, features of the sem conductor device are
defined in the wafer using mell-knomm catternlno and etching processes. In
these processes, a photor esi STUPRROFLEGANIRAL be deposited on the wafer
and then is 10 exposed to |ight flltered by a reticle. The reticle maybe a
transparent plate that is ppat&ER0MRE WetitrexemNBOW feature geonmetries that
bl ock light from propagating through the reticle. [0003] Af ter passing

t hrough the reticle, the light contacts the surf e hot or esi st

mat eri al . TH@Mﬂ]ghﬂhehaﬁgéﬁﬂﬁﬁéméﬁéﬁﬁ@éﬁhgﬁﬁﬁégpiﬁﬁﬁtHWg ﬁ@mgﬁotoresist 15
mterial SuGhib IR pBaAGHE PR e EANMIEIRYE. VR Db, hBgcRRO! OF esi st
material . |0t 85 o positive photoresist materia s, the exposed

regi ons ar e inemuadateatdeteling m@electas @y@fihlnmgmw@rfﬁlﬁémﬁlé@n% théat eri al s,

t he unexposeﬁﬁ@iglo S arlgﬁenng Thereafter, the wafer is etched to
renove the GFRRINFISP N GOPEERFEN V% t he areas that are no | onger protected
by the photoresist material, and thereby produce the desired 20 features
in the Mﬁfeqmnhp004inmgs@ﬁﬂmkmewfﬂe&e@s@ﬁﬁdgﬁshmwcﬁﬂeaﬁmm@n@mﬁé is reduced.

This may be _ achi eved redu the critic di mens L he

f eat ur es, \Aﬁie‘élﬁe?réé}ﬁﬁq@éénthf’ﬁﬁ eb\} B8 BRG f‘%c} agtf:mngsagﬂ C&%ﬁgg%ség%? In the
etching of deep ARd-RAT FIRN:ERS PHIDGS.S|H8MRbI dhouidaen MRy aechr then26 Such
bow ng produces curved i nstead of straight sidewalls of She et.ched

feat ured0 1 <ShivhRYisFfiiTsE! hyNaENpte. CRhe reticle may be a transparent p ate that is
patterned with exemplary feature geometries that block light from propagating

through the reticle.

[0003]  After passing through the reticle, the light contacts the surface of the
photoresist material. The light changes the chemical composition of the photoresist
15  material such that a developer can remove a portion of the photoresist material. In the
case of positive photoresist materials, the exposed regions are removed, and in the
case of negative photoresisi 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

20  features in the wafer.

[6004] 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.

25  Such bowing produces curved instead of straight sidewalls of the etched features.



[ 0006] To achieve the foregoing and in accordance with the purpose of the
present invention a nethod for etching a dielectric |layer over a substrate
and di sposed below a photoresist nask is provided. The substrate is placed
in a plasma processing chanmber. 5 An etchant gas conprising 02 and a sul fur
conponent gas conprising at |east one of H2S and a conpound contai ning at

| east one carbon sul fur bond is provided into the plasm chanber. A plasm
is formed fromthe etchant gasynvzeat bregane/@iTied into the etch |ayer

t hrough the photoresist mask wth the plasma fromthe etchant gas. [0007]
In anot her manifestatign of the invention an apparatus for formng a 10
features in B08¢lel edp peleve Hpdprestipeig ip agoqedapscal Hbihs pPRPPspE s Eeseltnpor t ed
by @ subst | ageniBd ARG i CEAMUANEE ol & COYRLEdNBYisTophBLN ST St mask
is provided, A plasma processing chanber, conprises a chanber wall form ng
a pl asma pr ogetwtag) toblasipervideénChosibsiale ia phobisih nataems pppesingbamizappor t i ng
a substrate ywithin.the plasm.processin chanber encl.osur,e, . a pr.essure
equl at o £ on PRb & eEPEREE P BE G B oA B s ER  HiBs Befl e harber
encl osure, af,d adstcotpeutl Bhnbde: fad ofs Qybdlisogntone s fréviddigntofhasma
processi ng chanber enclosure for sustaining a plasma, a gas inlet for

provi di ng galasha Gamhe- By Rliawae 1bf08€%%§f‘i”ﬂ611%1%@15\%@&&@“6%%%@3@%% gas
outlet for  @XbRelbNG:AasuEHALLAS -PLAGIR IRHALEASIANE BAAREE,NC! Osure. A
gas source is in l'urd Connection wth the gas 1nlet and conprises a

sul fur conmponent gas source for 20 providing at |east one of H2S and a
compound conV89Hi nglamothergraniferidioami Bsamgaliqiugn appuays ydorawa? source. A
contr ol | g7 | 8. GA0H! LLibRALY1.60MIRELE b LLAE: B3 SAHGLBD suligeatl | east
one el ectrode and conprises at |east one processor- and conputer readable
medi a. The coWputearn theadhbiye isedicad bp aphotsesistooain prvidegadaplaentode f or

provi di ng an_et chant S conprisin 2 and. a .sul fur conponent, gas

Conpr i si ng. APCCSuny e, feBpes At Al p R BEna EB RO LA G A B ast one
carbon sul f umclend, 4 bOrateeppop fasdBpGhHaNDabstr£OWRkIL Elc m&aﬁq@&@sﬁ%de for
formng a plasma fromthe etchant gas and conputer readabl e code for
provi di ng plReWECICEHERES, dREstlee EaYaer R Eesuleting e Perswdigdieilesnd nt o t he

diel ectrjsc |, 2YQLsiddVIRHAE b PD At RS eSteciBEK oMb b i di S REASTR: f oM

plasma processing chamber enclosure for sustaining a plasma, a gas iniet for

providing gas into the plasma processing chamber enclosure, and a gas outlet for
exhausting gas from the plasma processing chamber enclosure. A gas sourceA isin
fluid connection with the gas inlet and comprises a sulfur component gas source for
20 providing at least one of S and a compound containing at least one carbon sulfur
bond ard 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 sulfir component gas comprising at
25 least one of HyS 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 eiching of
{eatures into the dielectric layer through the photoresist mask with the plasma from

the etchant gas,

30 [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



the etchant gas. 30 [0008] In another manifestation of the invention a

met hod for etching a silicon oxide based dielectric |ayer over a substrate
and di sposed bel ow a photoresist mask is 2 provided. The substrate is

pl aced in a plasnma processi ng chanber. An étchant gas conprising a
fluorine conponent, 02 and a sul fur conponent gas conprising at |east one
of H2S and a conpound containing at |east one carbon sulfur bond is

provided i %E@hc%ﬁe'lﬂé ﬁ@%t&ﬂ%pﬁ?&&{ in a‘fﬁiﬁ%&@hﬁcgggﬁg%ﬁgﬁ%t Af@shdh@gasan et chant

gas flow an 57sul fur conponent "gas has a sul fur conpanent fl ow,
wher ei n t he cempfising « Anporentporhio®, insl Aretinecemponet g% EPIIIRE2d¢¢hant gas

flow A plasnma is fornmed fromthe . etch I8 EERLYLESis&ighlched into
the etch Iaf&?mt o‘”ﬁ’&t"ilcf’ﬁ‘go%ﬁ]ocfﬁg?l@lél saﬁe%gé]ﬁ v‘\n;toﬁsgl?hgog g?malfromthe

et chant gas .inth @R smihkesebancheatihie ckkal pisdss af citthet s deerpd thdvent i on wi | |
be described in nore 10 detail_ below in_the det.ai.led descr%if)etgi:on of the

i nventi off amdliinFomEpaRheasiiaht WHEHeOmRanert HP Vo™ iegiE Lo DESCRI PTI ON
O i DRANGR: L%%Qfl 0. THBoRI B2 @ et BYEMIv. OR plaSmb kd fusidaatopdkhby way of
exanpl e, and not by way of limtation, in tﬁe fi %ures of, the acconpanyi ng
drawi ngs anatchatghs. Featuidsarcrasdhed wictbe otghs laperteiongisthe Bhaipresiy sk ttBr el enent s
and in which: !.!0101 FlL.G ﬁ i.s.a flow chart of an enbodi nent of the

i nvention. [T he eRaESy o schenatic views of a |ayer etched in an
enbodi mrent of the invention. [0013] FIG 3 is a schematic view of a plasna
processi ng qbEoper Theat andtayhebatu@e of the edsdvivettiohivwif be fGoix} iFmere S 4A- B
illustrate a conputer syst which is suitable for _inmple tilng a

control I'@r @@HbFlﬁwéﬂ%(ﬁeWg%igesﬂfm‘P%g%? BYBNOR Y BTN lon[‘%@fk? FIG 5is
a profile ofp@waRphigats et ched without a sulfur containing

BRIEF DESCRIPTION OF THE DRAWINGS

[0010)  The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference

15  numerals refer to similar elements and in which:
[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

20, used for etching.

[0014] FIG.”S 4A-B illustrate a compuier 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

comporent.
25 {0016] FIG. 6 is a profile of 2 contact etched with an H,S additive.

[0017])  FIG. 7 is a profile of a contact etched with a COS addifive.



conponent. 25 [0016] FIG 6 is a profile of a contact etched with an 1125
additive. [0017] FIG 7 is a profile of a contact etched with a COS
additive, 3 DETAILED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [0018] The
present invention will now be described in detail with reference to a few
preferred enbodi nents thereof as illustrated in the acconpanyi ng draw ngs.
In the follow ng description, numerous specific details are set forth in

order to provide BbbAHJMDESme@@Q@WT@EPHEPﬁRMﬁHM@éB EN’f' ention. It
wi |l be apparent, however, to one e e present

i nvention na¥@ﬁ pr ag, &%ced wi t hout sone or aII of these speC|f|c details.
In other insi®hfles PIeSIOh BRKFFUGR Hélbaey by dasaribad i dntaibwitiuefaenss to have not

been descri bmflbxefeﬁ‘@;t@fhtbodlrﬁsrﬁgﬂ%offagll AU BRGHIR FDe Present

invention. 10 [0019] To facilitate understan g, hlgh | eve
flow chart of 6§OIW@%@§CHMQEmum1®mSwnﬁodﬁtMB ot farthen iondeentpironde A

b To f l'itat
inder <t anti ngsret hEeREbEhE SR Sirod iRl 15 b86ERealthonde st rati on

of where a ssiitdrimtie aﬁlthawmjjmaandﬂnedlﬁsﬁhﬂaﬁbé %ﬁﬁ[oe%%@hbiﬁ s&g%ﬂﬂm (slt ep
e substrate is a silicon

104). In thlﬁ?e o%;qut o%l e.inventian,

waf er 15 and“FTHEPHL Eetilsi O qthgy dpstavess, well 1§10§’F1IPFQ§6W %P A/ gatueutcow k

diel ectric nmadvehbideeOlescdaNiKaiRSRLr 1AW K diaL L6 L &ug"fﬂééﬁes n the
preferred enpbodi nent, an antireflective coatlng FfB I'ayer 4 is placed

over the et chVigg® 220. A phot oresi st mask 228, which is preferably 193
i nn or above photoresist, is formed over the dielectric |layer 220 (step

108 Th t hanb t 20
112). [0020] G 5 oo R B R O R S PR haper 300

that may besesiednfembodimeentiiteenenti. ni subbhse Mtﬁ%@&;ﬁ@ﬁﬁﬂ@)’%ﬁisng chamber 300

ConprL ses o SORARHEN 0h! M9%.c0Re il HRREE oFhERLLIMS, BT, L ey, o ectrode

sectional illustration of where a substrate 210 with a dielectric layer 220 is provided

(step 104). In this embodiment of the invention, the substrate 210 is a silicon wafer
15 and the dielectric layer 220 is a silicon oxide based low-k dieleciric material or

organic based low-k diclectric layer. In the preferred embodiment, an antireflective

coating (ARC) layer 224 is placed over the etch layer 220. A photoresist mask 228,

which is preferably 193 nm or above photoresist, is formed over the dieleciric layer

220 (step 108). The substrate 210 is placed in an plasma processing chamber (step
20 112).

[0020] FIG. 3 is 2 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

25 210 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
clectrode 304, lower electrode 308, and confinement rings 302 define the confined

30 plasme 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



310, and an exhaust punp 320. Wthin plasma processing chanber 300, the
substrate 25 210 is positioned upon the | ower el ectrode 308. The | ower

el ectrode 308 incorporates a suitable substrate chucking nechanism (e.qg.,
el ectrostatic, nmechanical clanmping, or the like) for holding the substrate
210. The reactor top 328 incorporates the upper electrode 304 disposed

i mredi ately opposite the | ower el ectrode 308. The upper el ectrode 304,

| over el ect r%Qﬁa&}Qﬁaus%(}t %ﬁlﬂée %f{ht%%@ § 50 R34 H%ﬁafu'u{'@ kfMfisCROLdsn@d 30

pl asma vol une. S IS sup e confined plfasma vol une by the gas
source 310 ardudt pumx BAUisdldo feguiatd iressaronini thie dmpd disret, thelcemmutchBdligh t he

confinenent rings 302..4 and an exh t port b e exhaust punp 320.

Besi des hel pFW@;‘g}SSS ae%?ﬁf&h%atmﬂoﬂ(éﬂﬁ%%?eaﬁ g %%g?{%ﬂ’ﬁia giﬁ]“ﬁel ps to regul ate
pressure. | nediche@APaeH TMBNTTLe bRogRS 3 BDMAERBLQomEAfaYthe @8 used. f ur
conponent source 312, an 02 source 316, and a fluorine conponent ?ource

318. The Yas48&drewesits walpelrighlitarnceismpr the Vst Herrogas0s oureds Wglsan RF
source 348 '§szeéuﬁ6%\{dttﬁ@é&l¥an§@&ﬁ%%ﬁbzme hﬂﬁa 519&%%%511% 8bLGLA 91@?0\»3498- Chanmber

wal I's 352 surroun e confinement rings 302, upper el ectrode 304, and
the | ower etledtododes. Ip&ereli dofrdrietibnsod ntyinretingipoufer tohaelettiodg 2RF power to

the el ectrode a ossible. In.a pref e iment, the 27 , and 2
M-l z power s%?f?%%‘s hﬁ%%lgkegﬁg BTk%dlﬁgap@%\gi ﬂ@%ﬂ%l@%ggﬁlnsgg{cg%m?l fl\)él_%phe | ower
el ectrode, aihd RF@weppefcech@ehmodedl foshelowerdasioddandXhe offer eletierde I35 i s
controllaply conpected tq the RF source 348, exha u 320, and the gas
source 3 @ %rm{%?- %C@fﬁr@ew%ﬁa%@ﬂ#ﬂrWFC&?@OQ& i @%ﬁg@iﬂ 800, which
is suitable fi0f,3d0mdanepkisb@casgontrol I er 335 used in enbodinents of the
present invention. FIG “4A shows one possible physical formof the

conputer system O _course, the .15 conputer Sésten1nay have many physi cal

forms rangi ngU#Hom BF- Srivegratoidugiaasoppur sygemil@aviick sut2Boki d, and a
el udes o meig SrigSy b Bap NI B IRELI RO e PIRYIE FFI Ve 808,
keyboard 8104A simdvsanepoersible§ih@sicdDifskn @1kt dospatecysipmt éifcoeaddld e
A5 computer system may have mary physical forms ranging from an integrated cirenit, a
printed circuit board, and a small handheld device up to a huge super computer.
Computer systern 800 includes a monitor 802, a display 804, a housing 806, a disk
drive 808, a keyboard 810, and a mouse 812. Disk 814 is a computer-readable

medium used 1o transfer data to and from computer system 800.

20 [0022] FIG. 4B 1s an example of a block diagram for computer system 800,
Attached to system bus 820 are a wide variety of subsystems. Processor(s) §22 (also
referred to as central processing units, or CPUs) are coupled to storage devices,
mcluding 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

25  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
imclude 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.

30 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 appreciaied that the information retained within fixed disk 826 may, in

5



medi um used to transfer data to and from conmputer system 800. 20 [0022]

FIG 4B is an exanple of a block diagram for conputer system 800. Attached
to system bus 820 are a wide variety of subsystens. Processor(s) 822 (al so
refereed to as central processing units, or CPUs) are coupled to storage
devices, including nenory 824. Menory 824 includes random access nenory
(RAM and read-only nenory (ROM. As is well known in the art, ROMacts to

transfer dat - ' 4 ' unj, - el - : ; d RAMis
used 1 ypi oal Ty Ly e Rk Pe iSRS HGlan d BBk A e b o
manner . Bot h8Bf Renessblt yiglesldohayelmthe Esmméihe compliadeadihle sedid abl e of t he
conput er - r eadabl.e di a described below. A fixed disk 826 is also coupled
bi - di rection ?Sﬁpeflgg‘l&ﬁu 822; it provides-additional data storage capacity
and may al so include any of the conputer-readabl e nedia described bel ow. 30
Fi xed di sk 8@6231ay bePusedistasosbayled prnoghianst inflatoaipnafdidheutt e and is
typically a _secondary storage nedium (such as_a hard cfisk) that is slower

than pri mar yhgrierdgeieypeard 1, mopge Hdopd spaakad S3h b eetresl; IWrBrHariPlh et ai ned

wi thin fixedydisk$26 TP vilidh & FORE bAlemERS&SboaRR, IReQRRat ed in
standard fashi on }iag virtua 1'dm::rr%}‘j?z@@’l n r{rgrr[f)s’ry ’82?1 oaRerrt)va(g)illre di sk 814 may

t ake the f oriendfsenhievechmysdransdoaeiabidacadeni magndésermabadase s, [ 0023] CPU
822 is al so I to_a variety .of input t. .devjces, such as 5 display
804, keyboartg&gt%og%q%%ggl%%&#mgﬁﬂ&s%lgac%ﬁég%béﬁgéwgs r\ége%gsf gﬁ %ﬁh‘%n i nput / out put
devi ce may bengner0CPUBZYeptighalphay s cdupé ko dathesconpuee or keyboar ds,

m crophones, . touch-sensitive di_sgl ays, .t r?ns%gée@.(far%b%ﬁaders, magneti c
or paper ap‘@lef‘é@H@F_%a,uomt%%‘]"@{{éﬁsm S Pk dRteriges Ay §VPi%g _

recogni zer s, inRkReERL id ©ateh@BERIBat 1 CTAY REdnt reQIPMERRSt 0T 82detRdrkonal |y
may be coupled to another conmputer or 10 tel ecomuni cations network using

net wor k i nt etrfiaiglt ogipot infyrmntian fe mheareeripir ke cquireal peréwming the sbavent enpl at ed
that the CPUOL804 1G58 LY .:rﬁh@%ﬂ%&é QlubE 9@%&;@&?6%& blieﬁeex@gggﬁig)gt out put

information to the networ e céurse o orm ng ove-
may execute solely upon CPU 822 or may execute over a network such as the Internet

[5  inconjunction with a remote CPU that shares a portion of the processing.

[0024] In addition, embodiments of the present invention further relate to
compuier storage products with a computer-readable medium that have computer code
thereon for performing various computer-implemented operations. The media and
computer code may be those specially designed and constructed for the purposes of

20 the present invention, or they may be of the kind well known and available to those
having skill in the computer software arts, Examples of computer-readable media
include, bul are not limited to: magnetic media such as hard disks, floppy disks, and
magnetic fape; optical media such as CD-ROMs and holographic devices; magneto~
optical media such as floptical disks; and hardware devices that are specially

25  configured to store and exccute program code, such as application-specific integrated
cirenits (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

30 computer data signal embodied in a carrier wave and representing a sequence of

instructions that are executable by a processor.

6



descri bed nethod steps. Furthernore, nethod enbodi nents of the present
invention may execute solely upon CPU 822 or nay execute over a network
such as the Internet 15 in conjunction with a renote CPU that shares a
portion of the processing. [0024] In addition, enbodinments of the present
invention further relate to conputer storage products with a
conput er -readabl e nedi um t hat have conputer code thereon for performng

vari ous conp code may
be. 1 hose. spollaih y BESTERLEARREREANS, « H1Ry TR o he
present i nvelrtdtong ofdi,Stdndy comyouné coftaiting akleastloelatbok mdiun bam:t;i aav ailable to

th h Kill t {
co(r)rrs)ﬁterii\r“en’g‘éoginlg Cﬂ%‘é&%?npﬂfﬁﬁﬂgg‘gtg%ﬁcé?s\gﬁn%‘? :Hsr‘ﬁ gg%lc OuH’%gnetl c media

such as har degltaskifg atl1bRPRYK chibsK Sul fufBéhd BARStIEdLBPEORIIZaAnmedi a such as
CD- ROVt and %glﬁ\%gaphl c devices; gnet o- optical nmedia such as floptical
di sks; and h of sp 6iphess gasARtbedd @@é@qﬁaﬁn}oz%@sewhﬁ%u%é%?q%l@%ore and

execut e prog, S gt ircuits
(AS: Coy . or o b e e TR e e
Exanpl es of geipud ecrlumog@ ﬂomcﬂhatdebmmmoml(%déthemrvomsze@f Guwtddntby a

il dfil t I de t ted b
Comput or ' us: HG SaH- TR ATRT SR BERF DS SR e NBars TR €8 be |

conput er COd@oWﬂﬁﬂﬁ%ﬁa&e&QOb%%ﬁﬁbt@@Wﬁlﬁéoﬂﬁé@tc&hﬂﬁh‘é'ﬂo@”ﬁﬂﬁbﬁﬁsﬂ n a
carrier wave and repr esent i ng a_ sequence of instructions that are

execut abl® byrefgrpd gpeakipent, the subfppsmpapens hesvarpiupmgss denphatds bgvem 102, a
sul fur conpogmgghhg%ai%mgé ti%%t %J%télaga%g\g one of H2S and a conpound
contai ning at | east one carbon su nd, a fluorine conponent, and an
inert gas, such as Ar, Xe, or He. The corrpound containing at | east one

car bon sul fufﬂOiEﬁind ﬁwf@@nfpgﬁmﬁlcd@@ﬂb@’wmsﬁm (etgp1 20AnInshis waarple taf an
etchant gas iy, he, 1001,300, 58em At 10530, SPEMPIER.. B30, 50802, and 4

seem H2S. e inven he sl ?ur corrponent
gas has a voWameatgaMﬁiaw hatwaits atblameﬂhé)pmsxﬂ,ﬂﬁ/omfthetdn:emhtcgaais wel une of

the etc h]asnt io etch features 232 into the dielectric layer 220, as shown in FIG. 2B (step 124). An

ashing process may be used to remove the remaining photoresist mask, while the

substrate is in the plasma processing chamber (step 128).

[6027} This embodiment may be used to etch silicon oxide based dielectric
materials, such as silicon oxide and organo silicate glass. To etch silicon oxide based
20 dielectric materials, a fluorine component is used in the etchant gas. In another
manifestation of the invention, the invention 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

25  glass.

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

resistant,



gas flow. In a nore preferred enbodi nent, the sul fur conmponent has a vol une
gas flowthat is between 0.5-5%of the total volune of the etchant gas
flow. In the nost 10 preferred enbodi nent, the sulfin conponent has a
volume gas flow that is between 1- 5% of the total volunme of the etchant
gas flow. [0026] The etchant gas is converted to a plasma (step 7.20). In
this exanple, the pressure in the plasm chanber is set at 25 mlorr. The

" source prayses 12AANAL!S: Bllly M A0 1200 Wk Syt s2bhe. The

plasma fromthe ‘etc as'1's use to etch features 232 into the

di el ectric | speeific@RM, andslaghmwhigh aspettGtioXBitEstieplead) withnheight it Wigltpr ocess
may be used to re %g i@g r%naining phot oresi st mask, while the substrate
isin the p|§?ﬁﬁf%$b &€ g lchanber (step 128). [0027] This embodi nent may
be used to etch silicon oxide based dielectric materials, such as silicon
oxi de and or g@B@| si Ifthafgfugtagsnent & IBBchesa birb@rsooxk dehlrased 20 diel ectric
materials, a_fluorine coppgnent is used . in the etchant. gas. | n another
nanifestaéioﬂmHP“WHE“FEW@HBW3ﬁ?&PHE eﬁﬁ@ﬁ??ﬁﬁ“ﬁﬁ?7ﬁnggg 1E6M8TER | ow k

di el ectrics, gyibihGn may be either organic based or silicon oxide based. An
exanpl e of an organic based |lowk dielectrics that maybe etched by the
invention is SILK. An exanple of a silicon-oxide |owk dielectric, which
may be etched by ¥9sbResliention is organo silicate 25 glass. [0028]
Preferably, the invention uses a photoresist of 193 run or above. Such

phot or esi st sw@md _t%1W%sﬁg|a§Wmﬁ§EH%@ﬁ'stﬁnysﬁgdﬁ@Qﬂzﬁl’t Eatdfe A Fyoatio) and
are less etc resistant. 7 [0029] In this exangLf, the features 232 are
hi gh aspect ¢hemisiryragiour €55 wasperiprancd gprbednriageat Vit vefbeanaichant 5F gh aspect
ratio fe ur.isH’aC e w.t.h [ s i ; kati.0; of at | east
5:1. [0030] £ eﬂ%ﬁ@%§§§%§%%€ﬁ€%@%§§ﬁﬁ§@?ﬁﬁkgﬁggaggﬁﬁﬁﬁﬁéﬁ%#ﬁg such as a
5 fl uor ocar bdislegric hyyelr AIGUDElooa tHefilssEasiarcetdtattdOp pokdddeingdndamové o f orm a

car bon :
etchant gas without HsS.

[0032] FIG. 6 shows the profile 608 of a contact 604 etched using an Ar/C4Fg/O;
chemistry with H,S. A significant reduction in the bow CD is seen as H»S is added to

15 the process by the straighter sidewalls of the etch profile 608.

[0033] FI1G. 7 shows the profile 708 of the contact 704 etched using an
Ar/C4Fs/Qy chemistry with a COS additive. A significant reduction in the bow CD is
seen as COS is added to the process. Being iso-electronmic with CO,, which is a
relatively inert chemical, the COS addition does not induce a shift in ER or in the

20 selectivity of the fluorccarbon-based plasma etching processes. The profile control

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

[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 flucrocarbon or hydrofluorocarbon component
25  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



sul fur bond. Test Results [0031] An etch using a plasma chem stry using an
etchant gas of a Ar/C4F6/ 2 chem stry w thout H2S was perfornmed and
conpared with an etch with an etchant gas 10 of an Ar/ C4F6/02 chem stry
with an H2S addition for etching a silicon oxide based dielectric |ayer.
FIG 5 shows the profile 508 of a contact 504 etched using the above

et chant gas without H2S. [0032] FIG 6 shows the profile 608 of a contact

604 etched u ip@%mﬁ%. / Q?E%gggsina%@e%@%%yo t%&i?ﬁgﬁ%olﬁqéiaﬂ@hﬁ(&% reduction

in the bow I's'se I'S ocess by the straighter
si dewal | s of sitidwellefobmep hof¢ teaiste@@o ctfldB83] FIG 7 shows the profile 708 of
the contact 704 etched using an Ar/C4AF6/ 2 chem stry with a COS additive.

A significan ductjon in the bow CDis see [ to the
process. Bei @85550- ﬁlee]élf’?nglr?flgownf)ﬁ{lsw?mme%ﬁ? fghs‘%ﬁ%?glc’a}’%% ggﬁl&/{u i nert

chem cal, t he@QucRaOSO), AkittoEsS dttcompeling 8vith ashitoh sulfurBBdprovides he 20
selectivity of the fluorocarbon-based plasma et chi‘lﬂg‘ﬁ%r o(ges es.~rThe profile
control  bendirtasesPve WSHERFPIRNSRERER AL PRSP EEA S HE PRIhSHE 26 Chi ng

chenistry argpobieh RRdd thak 983G hsdlih orin 1N Rbis REcH R 168 obpibidedty theory, it,

is believed that polynmer is fornmed to protect sidewalls of the features as
the feature jdecfivthand losaiod padetpwst prbdcyivier In sddifeanabimhePpiaro¢esscs Buce bowi ng.
The fl uorocay.bon .dr o r 0 sed iR, provi de
{ne si doval | LEOTy e HHERTY RPL ARRERRE SERRANER 1% FRY PSRl St than
t he protectithen hohyneta sifdemwalpondns prattchetly hedywestion dihic assofpanite by i on

bonmbar d t, which causes,the bow . 1t is belje hat sul fyr bonded to
carbon, | 10 { FERPORFSER] < F bFHES afﬁa@%ad P%@ﬂéﬁiﬂ&@%@@ et
f1 uorocar bonyorREd fooxgeighed directly 8 to plasnma e.g. COS, becones
incorporated into the sidewall polynmer and nmakes the sidewall polynmer nore
resistant to etching. [0035] The invention does 1n?t use a coprponent gas
t hat has an @Qwen gslﬂtlpqyrembodunents of the invention, the etch layer may be un-doped or

doped silicon dioxide (e.g. TEOS, BPSG, FSG etc), organo-sificate glass (O8G), or

porous OSG.

15 [06037] There are many methods in which this invention can be applied for the
contact etch process. One way is to add a small amount of H,S to a C,Fy and/or
CyH,F,, Oq, and inert gas plasma etching process during the full duration of etch.
Another way is to pulse the IS flow during the etch process, assuming that the basic
chemistry (fluorocarbon and/or hydrofluorocarbon chemistry) is not modified. The

20 H,S flow, the H,S pulsing periods and its frequency, can be adjusted as a fimction 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 chemisiry can be very different between different steps of the

25 process. Different permutations of these suggested processes can be tailored for the

particularities of a specific feature that has to be ctched: aspect ratio, CD elc.

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

an JICP (inductive coupled plasma) reactor.

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

30 embodiments, there are alierations, permutations modifications, and varicus substitute



bond, such as SO2. Using H2S or a conpound with a carbon sul fur bond

provi des 5 advantages over using a conponent gas that has an oxygen sul fur
bond, such as S02. It has been found that S02 causes undesirable effects
such as | oss of photoresist selectivity and | oss of underl ayer
selectivity. In addition, some S02 processes use high concentrations of
SO2, because the 502 is believed to be used for purposes other than the
use of a sul faaftﬁva%@%ﬁr%malmﬁ% ufe%goplexfmﬂweaﬁ&mm buldie wsptafna sul fur
10 conponent gas of | east one of "H2S and carbon bonded sul fur hel ps
avoid a sulfﬂENHMEm@EUﬂEmm@%y@@ﬁOfP@@@ﬁ?mﬂﬁﬂ@@ﬁ@mdéWﬁbﬂWW@Wﬁ®C@ﬂwthe

i nvention, the et ch laye be un:-d [ ide (e.g.
TIES, BPSG PSS in"?mo}{ éé”%&sf Tk 18&%1(13’“%16 f{’@@%ﬁg %ﬁhh&g"p%%g B%SG 15

[ 0037] Thereuﬁﬁ@ﬁwa@ymﬁmﬁMQdﬂs&&hﬂWM@@mqnnmnmnmenmﬂaan@amuMﬁnmppl|ed for
the contact etch process. One way is to add_a small anouynt of H2S to a

C, Fy and/or Sk dS@ﬁyw%mﬂﬂWﬁ%ﬁﬁméhgﬁﬁﬁ§§ﬁﬁﬂ@§6ﬁ9ﬁdmﬁWB@bss during the
full duration of etch. Another way is to pulse the H2S flow during the
etch process, assumng that the basic chem stry (fluorocar'bon and/ or
hydr of | uor ocar bon chem stry) is not nodified. The 20 H2S flow, the H2S

pul sing periods and its frequency, can be adjusted as a function of the
degree of difficulty of etch. Another nethod is to alternate sul fur
containing plasma chem stries with nonsulfiir containing plasma

chem stries. The difference between the third nmethod and the pul sing
nmethod is that the basic fluorocarbon and/ or hydrofl uorocarbon chem stry
can be very different between different steps of the 25 process. Different
pernut ati ons 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 chanber can be a: CCP (capacitive coupled

pl asma) reactor or an ICP (inductive coupled plasma) reactor. [0039] Wile
this invention has been described in teens of several preferred 30

enbodi nents, there are alterations, pernutations nodifications, and various
substitute

10



9 equivalents, which fall within the scope of this invention. It should

al so be noted that there are many alternative ways of inplenenting the

nmet hods and apparatuses of the present invention. It is therefore intended
that the foll owi ng appended clains be interpreted as including all such
alterations, pernutations, and various substitute 5 equivalents as fal
within the true spirit and scope of the present invention. 10 CLAIMS What
is clained is: |I. A nethod for etch%ﬁg @ gielectric | ayer, wherein the
dielectric layer is a silicon oxid dielectric |ayer, over a
substrate and di sposed bel ow a 5 photoresi st nmask, conprising: placing the
substrate i Qg pl @sPRJIR:-0cessi ng chanber; providing an etchant gas
conprising a fluorine conponent, 02, and a sul fur conponent gas conpri sing
at |east one of 1-125 and a conpound containing at |east one carbon sulfur
bond into the pl dsheiheth&riseshingodicbemicdayes whasmahe diglectrisday éhant gas; and

etching features intp the.dielectric |ayer through the photoresist nmask
wih one prifmoriofiei i ERdh ol Bl Rl e bRk oal n o ai m
1, wherein phgoRtchak, dasphdsgan etchant 15 gas flow and the sul fur
conponent gas has a sul fur conponent flow, wherein the sulfur conponent
flowis between 0.1-10% of the etchant gas flow 3. The nethod, as recited
in any of clai nmsPhcg tighapeirsicthe phiging procesmpbrantber;gas conpri ses at | east
one of 112S, COS, and CS2. 20 4. The nethod, as recited in any of clains

1-3, wherein thegﬁkﬂﬁﬁé&$cm88HBR§§ﬂ%pd§h§%ﬂh&%ﬁJaﬁﬂﬁmah,63Q1 LQlifor ocarbon
and a fluorocarbon.
component gas comprising at least one of HaS and a compound containing at least

one carbon sulfur bond into the plasma chamber;
10 forming a plasma from the etchant gas; and

etching features into the dielectric layer through the photoresist mask with

the plasma {rom the ctchant gas.

2. The method, as recited in claim i, wherein the etchant gas has an ctchant
15 gas flow and the sulfur component gas has a suifur component flow, wherein the

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

3, The method, as recited in any of claims 1-2, wherein the sullur 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 fluorine

component is at feast one of a hydrofluorocarbon and a fluorocarbon.



Il 5. The method, as recited in any of clains 1-4, wherein the silicon

oxi de based dielectric layer is organosilicate glass. 6. The nethod, as
recited in any of clains 1-5, wherein sulfur conponent gas 5 is pulsed. 7.
An apparatus for formng a features in a dielectric |ayer, wherein the
dielectric layer is a silicon oxide based dielectric |ayer and wherein the
dielectric layer is supported by a substrate and wherein the etch |ayer is
covered by a 10 phetriiesl 8 rcoB&kin :090BPtaEnND4, @hpkashiasipcocesdt ng chanber,
conprising: a chanber wall formng a plasma processing chanber enclosure;

a subst r at ebagpporectiolayeiippeenpnbeae slatsstrate within the plasma
processi ng chanber enclosure; 15 a pressure regulator for regulating the
pressure in the plasnma processing chanber encl osure; at |east one

el ectrode for providing power to the plasma processing chanber enclosure
for sustaining a plasma; a gas inlet for providing gas into the plasm
processi ng chanb@he n2heinad @siscdkn aandf aagas] -Sptvhekenf of fuexdmpsichngisgas from
t he pl.asnma processi ng chanber enclosure; a gas source in fluid connection
with the ga& Wit , conprising; a fluorine conponent gas source; 12 a

sul fur component gas source for providing at |east one of H2S and a
conpound contai ning at | east one carbon sul fur bond; and an 02 source;

7. An apparatus for forming a features in a dielectric layer, wherein the
diclectric layer is a silicon oxide based diclectric layer and wherein the dielectric
tayer is supported by a substrate and wherein the etch layer is covered by a

10 photoresist mask, comprising:
a plasma processing chamber, comprising:
a chamber wall forming a plasma processing chamber enclosure;

a substrate support for supporting a substrate within the plasma

processing chamber enclosure;

15 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

20 enclosure; and

a gas outlet for exhausting gas from the plasma processing chamber

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

12



a controller controllably connected to the gas source and the at | east one
5 electrode, conprising: at |east one processor; and conputer readable
medi a, conprising: conputer readable code for providing an etchant gas
conprising a fluorine conponent gas, 02, and a sul fur conponent gas
conprising 10 at |east one of H7S and a conpound containing at |east one
carbon sul fur bond into the plasma chanber; conputer readable code for
form ng a plasma fromatshBur @hghasit @assuranfhr penpdihght leeadabbeHedgel f or
provi ding plasma conditions to 15 cause the etching of features into the
di el ectric Papepowk} gughninEat SA816E 6a0gr sSHEERONdi @8 t he pl asna fromt he
etchant gas. 8. The apparatus, as recited in claim?7, wherein the conputer
readabl e code for prgxkﬂhg&cgn etchant gas conprising 02 and a sul fur
conponent gas into the 2 pl'asma chanber conprises conputer readabl e code
for providing the etchant gas at a flow rate and providing the sul fur
conponent gas at aaohtraver caiteolabtl doaepitadto thdgad Jooweraat ehcoft 1¢deorsul f ur
conmponent gas between 0.1-10% of the flow rate of the etchant gas. 25 9.
The appar at GSCUedS. FEEPHEALT n any of clains 7-8, wherein the sulfur 13
conponent gas conprises at |east one of HzS, COS, and CS2. 10. The
apparatus, as recited,ji,glaLM e Wengi n the fluorine conponent is at

| east one of a hydrofluorocarbon and a hydrocarbon. 5 11. A nethod for
etching a silicon oxide based dielectric |ayer over a substrate and

di sposed bel ow a phot opesiist rargsis medrpeargpimgng:

compuier readable code for providing an ctchant gas
comprising a fluorine component gas, O, and a sulfur component gas comprising
10 at least one of H»S and a compound containing at least one carbon sulfur bond mto

the plasma chamber;

computer readable code for forming a plasma from the

etchant gas; and

computer readable code for providing plasma conditions to
15 causc the etching of features into the dielectric layer through the photoresist mask

with the plasma from the etchant gas.

8. The apparatus, as recited in claim 7, wherein the computer readable code
for providing an etchant gas comprising Os and a sulfur component gas into the
20 pilasma chamber comprises computer readable code for providing the etchant gas
at a flow rate and providing the sulfur component gas at a flow rate and keeping
the flow rate of the sulfur component gas between 0.1-10% of the flow rate of the

ctchant gas.

25 9. The apparatus, as recited in any of claims 7-8, wherein the sulfur

i3



pl aci ng the substrate in a plasma processi ng chanber; providing an etchant
gas conprising a fluorine conponent, Q2 and a sulfur 10 conponent gas
conprising at |east one of 112S and a conpound containing at |east one
carbon sulfur bond into the plasma chanber, wherein the etchant gas has an
etchant gas flow and the sul fur conponent gas has a sul fur conponent fl ow,
wherein the sul fur conponent flowis between 0.1-10% of the etchant gas
flow, form ggmpopnagiecohieind hdest ohantH GasDSans €S;.et ching features into
the dielectric layer through the photoresist mask with the plasma fromthe
etchant gas. 12. The nethod, as recited in claim1ll, wherein the sulfur
conponent gas conprises at |east one of 1 2S, COS, and CS2. 20 13. The
nmet hod, as recited in any ofclainms 11-12, wherein the fluorine conponent

is at |east gne &g yoraf | NOLACREPORLR0, Berkih YOL BCATRAYmpbent is at

least one of a hydrofluorocarbon and a hydrocarbon.

11. A method for etching a silicon oxide based dieleetric 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
10 component gas comprising at least one of H»S and a compound containing at least
one carbon sutfur 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 1s between 0.1-10% of the ctchant gas flow;
forming a plasma from the etchant gas; and

15 etching features into the dielectric layer through the photoresist mask with

the plasma from the etchant gas.

12. The method, as recited in claim 1}, wherein the sulfur component gas

comprises at teast one of H,S, COS, and CSs.
20

13. The method, as recited in any of claims 11-12, wherein the {luorine

component is at least one of a hydrofluorocarbon and a fluorocarbon.



