METHODS FOR FORM NG HI GH ASPECT RATI O FEATURES ON A SUBSTRATE BACKGROUND
Field of the Invention [0001] The present invention generally relates to
nmet hods for formng high aspect ratio features on a substrate. Mre
specifically, the present invention generally relates to nethods for

form ng high aspect ratio features by an anisotropic etch process in

sem conduct or manufacture. Description of the Related Art [0002] Reliably
produci ng sub- NAETHODS FORTEORMINGHIGRASPEST RATIO FEATORESON A

technol ogi es for the next generation of very |large scale integration (VLSI)
and ultra |l arge-scale integration (VBUBSTRATEN conduct or devices. However,
as the limts of integrated circuit technol ogy are pushed, the shrinking
di mensions qf, .J ects in VLSl and ULSI technol ogy have pl aced

addi ti onal Mr ocessing capabilities. Integrated circuits may

I ncl ude nor g; hhihhon mcro-electronic field effect transistors
(e.qg., conpﬁ:éér@g)?zti%ﬁ\nvgpg{)boxi de- sem conductor (CMOS) field effect

transi st or sY000Ht aTke foesertt inverticrubehemlly relates to rsethiodsrfduddraningvddigh ) and
cooperat e t%sBerform ¥ari ous functjons within the circuit. Reliable
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the demand fanisdtiopiteetchgrecdss inadenoisondigdtonednatadting. rati o between the depth
of the feature and the width of the feature, has steadily increased to 20:1

and even greater. DevelopiLng etch processes that are capable of reliably
form ng fea&ﬁs@EpW@ ﬁ?g‘l‘f‘c e%it‘ifiﬁ‘étspect rati os presents a significant

chal | enge. [[Q‘g%] TR@@A%%‘?@M&MQ fsﬁﬁlﬁieﬁid?ér‘( ia{ﬁ%gﬁﬂ?fgfrtfeéﬂ}réé’?s Bhe Ppig 10:1

or so were I cate ani sotrtopically etch ectric layers to a

pr edet er m n&dydephiologied for dhér nekbgerarratiph eof Veérguargelscale pntegrations(ASI) at e
102 having portions of a dielectric, |ayer 104 exposed through openings 108
formed thro@§l lgtrgiqrggrs,fgd)e '%%W@“PQ){E’:L%X  SERICPRGUEPE ARMIGES 1 VRGN g%n or

bui l'd-up of yay1iR§it8 Yt ftegRitePERESt technology are pushed, the shrinking dimensions of
interconnects in VLS| and ULSI technology have placed additional demands on

processing capabilities. Integrated circuits may include more than one million
micro-electronic field effect transistors (e.g., complementary metal-oxide-
semiconductor (CMOS) field effect transistors) that are formed on a substrate
(e.g., semiconductor wafer) and cooperate to perform various functions within
the circuit. Reliable formation of the gate pattern is important to integrated
circuits success and to the continued effort to increase circuit density and
quality of individual substrates and die.

[0003] As feature sizes have become smaller, the demand for higher aspect
ratios, defined as the ratio between the depth of the feature and the width of the
feature, has steadily increased to 20:1 and even greater. Developing etch
processes that are capable of reliably forming features with such high aspect
ratios presents a significant challenge.

[0004] Traditionally, features having aspect ratios of about 10:1 or so were
fabricated by anisotropically etching dielectric layers to a predetermined depth
and width. For example, Figure 1A depicts a substrate 102 having portions of a
dielectric layer 104 exposed through openings 108 formed through a patterned
mask layer 106. During etching, redeposition or build-up of by-products or other
materials 114 generated during the etching process may accumulate on the top
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materials 114 generated during the etching process may accunul ate on the top
1 and/or sidewalls of the features 110 being etched, thereby bl ocking the
opening 108 in the mask 106 and the feature 110 being forned in the
dielectric layer 104, as shown in Figure 1 B. As the opening 108 of the
etched features 110 are narrowed and/or seal ed by the accumul ated
redeposition material 114, the reactive etchants are prevented from

reaching t h@numw@idewwrsa@fethélfaamfreé heo bleqrf etchsd 1t¥ﬁ,ret§)hﬁro%mhg| theldgemthd he
aspect ratlo that may be obt ai ned. Addltlonally, as the redeposition

material or Bﬁ.lndhaldnask H)Qﬁp@@@itﬁ’(‘,@ deatyye Hd0 b%mld‘mrpe@na/tbe diglestjigl layer

adhere to t to 4, the
resulting i Epégu{’)SﬁHWBqﬁ gr o&ﬁq@%ﬁ'{‘ﬁ %@e@gsﬁ%iﬁ%i%aﬁﬁtg ﬁ;ﬂ &%14 may
alter the fhawom@tjhana/drmem@@my \lige edctpiliatedt feefepgitions midterndl 114, ehdow ng
or twisting profile 118 of the features 110 forned in the dielectric |ayer

104, as shov@aGtivereighaetsiae presed fF@ﬁéﬁ@P@'ngtﬂ\@r@W@ gumiaes 1118 ohéheart

for inprove o] rati MVARY
[0006] Met hgeadgﬁ%rdﬁoq”m&rﬁeg%ﬁ?gﬂ%é%ﬁa{h% p‘@c ea 'Srgggﬁ %8 b% f‘ﬁﬁ'“g ocess
are provi deddditivaalipt B9 dhederiepobitien hmlaeerml aﬁvamcagﬁoas by prédidts trabg e

profile and dinmension control of features with aspect ratios through a

conduct i ve randasi andfangegriaty ashere tadhe dgpeatt,rfﬁqeganq/oo&rqewaﬂ%ﬂfe the

cubstr at o e AT et 3B B U RE eI Rl ! bt ne R e
di sposed onngatdfigll €4 mMdy dlkerethel flovapagi oh s psdtive tolants therébgassutting ur e
including at |east a fluorine and carbon contai ni ngm gas and a siljcon

fluorine gad abewingrer twisting: peefie 1 18a0fdthet featurgs 1 eld) tareed in theedigladtictri ¢
| ayer in th eprmaeggghgwﬂa}ah}_lf@ﬁgaﬂgorrred fromthe gas m xture. [0008] In
a ne I a

anot her enbga(y ment ni'sotropic etching a dielectric |ayer on

a substrat e [0005]i ncThelefdreottede Mg anerdbiatthetagt o pevedpaetiRideedr etsighous
carbon | ayer dlsposed on a dielectric layer into an etch chanber, supplying

a gas mi xt ufeatuias Widh highe@spachsatias. f | uori ne and carbon contai ni ng gas

SUMMARY

[0006] Methods for forming high aspect ratio features using an etch process
are provided. The methods described herein advantageously facilitates profile
and dimension control of features with high aspect ratios through a conductive
sidewall management scheme during etching.

[0007] In one embodiment, the method for anisotropic etching a dielectric
layer on a substrate may include providing a substrate having a patterned mask
layer disposed on a dielectric layer in an etch chamber, supplying a gas mixture
including at least a fluorine and carbon containing gas and a silicon fluorine gas
into the etch chamber, and etching features in the dielectric layer in the
presence of a plasma formed from the gas mixture.

[0008] In another embodiment, a method for anisotropic etching a dielectric
layer on a substrate may include providing a substrate having a patterned
amorphous carbon layer disposed on a dielectric layer into an etch chamber,
supplying a gas mixture including at least a fluorine and carbon containing gas
and a silicon fluorine gas into the etch chamber, and etching features to an
aspect ratio greater than about 20:1 in the presence of a plasma formed from

the gas mixture through openings in the amorphous carbon layer.
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and a silicon fluorine gas into the etch chanber, and etching features to an
aspect ratio greater than about 20:1 in the presence of a plasma forned from
the gas m xture through openings in the anorphous carbon layer. 2 [0009] In
yet anot her enbodi nment, a nethod for anisotropic etching a dielectric |ayer
on a substrate may include providing a substrate having a patterned
anor phous carbon | ayer disposed on a dielectric layer into an etch chanber,
suppl yi ng a[apo9] mi Ai uyét ianotheti Benbadirhentst a ambthod ifoe aHisbtedsid Ostchimgntadi ni ng
gas and a silicon fluorine gas into the etch chanber, etching features to
an aspect rdiglestig dayelr ophansustigte Jpay inglugfeprvidiegta jsubskipte heying gl asma
formed fro Sa , ' Y r f aces
of the feaptianed oM odBbl 1B uRPORF ol F AU k@ fito h, St O
structure tlembeg! sumdlyingt atgan shisture sincldBirg- aDESAR BTG ird- ahidEcRAW NGS
[ 0010] The teachings of the present invention can be readily understood by
consi der i ngC@MainiRg gasang ajsilicen Heornre gas pite dhe pichcehgraber issshing featuras
acconpanyi ng, Qﬁ%p@% ratl’l g%ﬁtgpth rP%&]Jt Epﬂ“{netr?&aﬂe%dth& Ll'%*éraﬁ\ﬁa plasma
cross-sectional views o conventi ona abri catron sequence used to
fabricate afdnmgd fesrneahé gasgtrixtdreafdrning b&dhdlictivey polgmikrilayer ot berfadescof
di agram of a plasma processing apparatus _which may be utilized to perform
an et chi ng feoteadweswhileiplhing 2nd ceafiguringethecfeadiresea agtontae stridee on;
[ 0013] Fi guge s3iAd fl ow di agram of a nmethod suitable for
fabricati ngfo(?ﬁ%%é%%%gf:#&%; ﬁso features according to at | east one enbodi nent
of the invention; [0014] Figures 4A-4C are sequential cross-sectional views
of a conposite _structure etched to _formhigh aspect ratio features

SRIEE D 2P LION ©OF ) p015] Figures 5 is a

t

c12W A TA LA L

according t& J afLla: "

o so”t oy, EIROERERSTH S BEte AT R ATRBRGETY

ef fect transomdidedng the following detailed description in conjunction with the
accompanying drawings, in which:
[0011] Figure 1A-1C llustrate cross-sectional views of a conventional
fabrication sequence used to fabricate a high aspect ratio feature;
[0012] Figure 2 is a schematic diagram of a plasma processing apparatus
which may be utilized to perform an etching process according to at least one
embodiment of the invention;
[0013] Figure 3 is a process flow diagram of a method suitable for fabricating
high aspect ratio features according to at least one embodiment of the
invention;
[0014] Figures 4A-4C are sequential cross-sectional views of a composite
structure etched to form high aspect ratio features according to the method of
Figure 3; and
[0015] Figures 5 is a cross-sectional view of a composite structure having
high aspect ratio features formed by the present invention in a contact structure
for field effect transistors.
[0016] To facilitate understanding, identical reference numerals have been
used, where possible, to designate identical elements that are common to the
figures. It is contemplated that elements and features of one embodiment may
be beneficially incorporated in other embodiments without further recitation.

[0017] It is to be noted, however, that the appended drawings illustrate only
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[0016] To facilitate understanding, identical reference nunerals have been
used, where possible, to designate identical elenents that are comon to the
figures. It is contenplated that elements and features of one enbodi nent may
be beneficially incorporated in other enbodi nents w thout further

recitation. [0017] It is to be noted, however, that the appended draw ngs
illustrate only 3 exenplary enbodi nents of this invention and are therefore
not to be corshlaneémbbdifhéntbfthisiinverfioARMd drelthbRFord WeNtbi ke cofidadai t to
other equal ly effective embodiments. DETAI LED DESCRI PTI ON [ 0018] The

i nvention déniéngl ofy its escapes fob thetinvertigromayadnil te cether equalinvefiectivegh
aspect ratlgﬁ 8@%@%1?” etch process. In one enbodi nent, the nethod includes
pl asma et ch 8 é ‘ectric layer using an etching gas mxture of a silicon
fluorine gas and a fluorine and carbon based gas. The silicon fluorine gas
of the etching gas mxture forms a conductive polymer layer on the

sidewal | s apETAILED'DESERIPTIONEe etched diel ectric |layer, thereby extending
ion trajeciories 1n the deep teatures during etching. The extended ion

trajectori epo18fsi Theeidnignt BEnEihy CFdiates E@yrﬁétmgnféroféﬂhﬁngoiiéa%%@f the
dielectric layer, thereby formng features wth desired high aspect ratios

whi | e ret ai avigg gughi agpest i laos cusing | amredckurprocess. Wi mees eothodient dheThe
etch process rein e perf din a et ch. chanber,
forebanmt dhefcehiaelEEs i gha, dibting % BRI B er UsHl of StRo B pflls
Pllasma Sour gfea( §ison f@Bﬁné'gaQVan‘apg flidtne @hdDEarblgh Bhséd rRC U e silfcon
CENTURA(r) etch system all whi ch are available from Applied Materials,

I nc. of Sanfdtsormlemaﬁ oChe ef@hmgagaSmnxtatﬂ @rmsas eandyctivecprlyimer ayev inl thel e

f t her . be t | 0020 2 t
schemat i o HORVAI andiscsutibs: sl Skl didBricAYceLbSt Sufndl Behe”
chamber 200tré1€§ﬂo‘r'n€§$nQhé%‘&iﬂ?\‘éé{ﬁré‘sh W?e’f@"lﬂl '?I@?@ etxtbﬂdeﬁilﬁfﬂd)fréﬁcﬁ)ne)s

di el ectric donme-shaped ceiling (referred hereinafter as
Q her chanb@sssstnatphmwv&endr&iectﬂyﬂeseroﬂowau fo thes bpom of 4he |dielectisi [ayaf) . The

wal | 230 i Sthefeby e?orﬁ'nng c1}e§'tures %\?tthr 883‘ reog'H glﬁngs ecﬁ ratios while retaining good

profile control and critical dimensions.

[0019] The etch process described herein may be performed in any plasma
etch chamber, for example, a HART etch reactor, a HART TS etch reactor, a
Decoupled Plasma Source (DPS), DPS-II, or DPS Plus, or DPS DT etch reactor
of a CENTURA® etch system, all of which are available from Applied Materials,
Inc. of Santa Clara, California. Suitable plasma etch chambers available from
other manufacturers may also be utilized.

[0020] Figure 2 depicts a schematic diagram of one embodiment of an etch
process chamber 200. The chamber 200 includes a conductive chamber wall
230 that supports a dielectric dome-shaped ceiling (referred hereinafter as the
dome 220). Other chambers may have other types of ceilings (e.g., a flat
ceiling). The wall 230 is connected to an electrical ground 234.

[0021] At least one inductive coil antenna segment 212 is coupled to a
radio-frequency (RF) source 218 through a matching network 219. The antenna
segment 212 is positioned exterior to the dome 220 and is utilized to maintain a
plasma formed from process gases within the chamber. In one embodiment,
the source RF power applied to the inductive coil antenna 212 is in a range
between about 0 Watts to about 2500 Watts at a frequency between about 50

kHz and about 13.56 MHz. In another embodiment, the source RF power
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[0021] At |east one inductive coil antenna segnent 212 is coupled to a

radi o-frequency (RF) source 218 through a nmatching network 219. The antenna
segnent 212 is positioned exterior to the dome 220 and is utilized to
maintain a plasm forned from process gases within the chanber. In. one
enbodi nent, the source RF power applied to the inductive coil antenna 212
Is in arange between about 0 Watts to about 2500 Watts at a frequency

bet ween abOalﬁ)pIr%Ql tokthie iRdsttRB il ahtedfa Mz is Inna ARG BEVRIBIPADOTITE00 WatsSOUr Ce

RF power 4 applied to the inductive coil antenna 212 is in a range between
about 200 v@ta@utﬁ@oéuam,sma&ﬁtabow\é@t@t about 400 V\afts [0022] The

Gl emont) t ni0022L°Cdifh A bS sHEEbsh 2O Miefycue® S B8RS o pededt ' "
general |y cap@ipigsia eﬂéméhc)lthgt Rcdiipléd ¢ al secondqBRIsE) RF Rioascd 222 thatbout
1500 Watts or less (e.g bi as power%ﬁat a frequency of approxi mately

13.56 MHz. Iswe@alagca@étﬁ@mf@éomczng ancBhsignelite gemeratens bias poweppbeut

pedestal 21 | o the
P betr at e 1000 iathSlr RegTpte A KIS MOWENAS nRbBioRhPts BHFhaffl 53 560
substrate 2z Thel taaemhgoswrb@ ZQthtdo@bbcﬁtwmréubd@@ﬂ@%hpboﬁ#fb@@thl l2316

retai ned thereon by conventional techniques, such as electrostatic chucking

or mechani ctirough hinaiching: Retwarks223t Ehe 1bias pewer applieddenthe substsate

supplied fr t cess chanber 200 through entry

ports 226 t rﬁpaoﬂnﬁgdéésgglg%u%ﬁ%y tfeubg’e%ﬂgp A plasma, fornmed from the m xture

250, is mai [!IOQB ped |h nopdration oaesgbsthateb214 ZIQOprue@IQjH Mhégsﬂ%tra\t)@w poftom t he

RF sources 218 and 222, resp ect i vel to the antenna 212 and the substrate
ther

support pedeedestal2246 and |§r@§%'[]¢@ gfm byheonvgniiongt teehnigeest such @sanber

200 is cont [ I .S e nber
200 and o vagaUEal é“%g%lnb#‘ﬁégﬁséfc ! ietfidpd, ofcPECHEHAE Y, Losl]

wal | s 230 isorapohemnts! &¢ swpplied! fromi 8 nganéil 38 ¢@nﬁy|¢racéwbhahmwrl)zoot hat
are located in the walls 230 of the c er 200. %0024 The tenperature of

t he subst r athéogamenty ponls 46 tifasy agaserus miyure,&50t Arplasmeufarmsd frem
support pedgat far{lxtafle6 Z%Bd |§|rﬂ¥‘ﬁ1%n@d '?r?%etﬁrgﬁéﬁse hgﬁf‘oefrrf(m by applying RF

power from the RF sources 218 and 222, respectively, to the antenna 212 and
the substrate support pedestal 216. The pressure within the interior of the etch
chamber 200 is controlled using a throttle valve 227 situated between the
chamber 200 and a vacuum pump 236. The temperature at the surface of the
chamber walls 230 is controlled using liquid-containing conduits (not shown)
that are located in the walls 230 of the chamber 200.

[0024] The temperature of the substrate 214 is controlled by stabilizing the
temperature of the support pedestal 216 and flowing a heat transfer gas from
source 248 via conduit 249 to channels formed by the back of the substrate 214
and grooves (not shown) on the pedestal surface. Helium gas may be used as
the heat transfer gas to facilitate heat transfer between the substrate support
pedestal 216 and the substrate 214. During the etch process, the substrate 214
is heated by a resistive heater 225 disposed within the substrate support
pedestal 216 to a steady state temperature via a DC power source 224. Helium
disposed between the pedestal 216 and substrate 214 facilitates uniform
heating of the substrate 214. Using thermal control of both the dome 220 and
the substrate support pedestal 216, the substrate 214 is maintained at a



source 248 via conduit 249 to channels formed by the back of the substrate
214 and grooves (not shown) on the pedestal surface. Heliumgas may be used
as the heat transfer gas to facilitate heat transfer between the substrate
support pedestal 216 and the substrate 214. During the etch process, the
substrate 214 is heated by a resistive heater 225 disposed within the
substrate support pedestal 216 to a steady state tenperature via a DC power

source 224. jeHeld biffire dc?]fsﬂ%%nbﬁf)%\ﬁg '?gg {%q?é?% %@ijji_ugaé?@%owwd a&gre%%“

faC|I|tateSU|form eating o t hermal ntrol of
bot h the do@elsR®0 and the substrate support pedestal 216 the substrate 214

i's mai ntain a_ 5 tenperatur fbt bout 0 Cel d
Wbout 500 BRBbs” T0se: SRIE] GD2BE oSl SIROETRANg ek SRR TaITS Qindhst and
that other ér‘PJ e mayade uGQ&‘W@ngfr&ct th'%einvéﬁt%ﬁ.qwrésfémg%, EHSWb@YserthO”

r enot ve plasma

For exanpl e, anbers'wth e plasma sources, mcro
chanbers, erleemteonplasma o$0WBeS, E8ICrEWaE (;ﬂﬁﬁhapbhen@e«:ﬂamﬂmtmn aydlotioa | i ke

may be utilized to [ t he |nvent|o 026] A control ler 240,

el udi g areseniencs UEEB) el camberey edkeinydeoiized o Piadica gor «
circuits 248ERfiort.he CPU 244 is coupled to the various conponents of the
etch process chanber 200 to facilitate control of the etch process. To
facilitate [0926]ol AofcontrellerhdadABeinchgingscicehtrdl phansessinghanitRCR4Y 244p@ be

one of any formof ener al urpose C ter p r tha n.be used in
an' i ndust 1 | EMANY 2daqand SupBRRICHIth a6 dv (e B sscaimed &g rtbor s
The menory &g%g?ﬁeﬁtgucﬁl e él‘aht%&%cggyc%ﬂwbe}_%m%htﬁf’ezconﬁ | of the etch
conput er -readabl e nmedi um rmay be one or nore of rea aval Ie nmenory
such as ranprocess.c desfapititaie \cohRAME theerattbmbéryasrqube(d%ﬁh@ve fthe@R/U(ﬂMk

hard di sk, or othe form of _di storage, |ocal or te. Th
Suppor t i MaYi R& 0PL6OTARY QImIk D4 rg‘h’é”@ﬁ?ﬁ%?ﬂ‘?‘ﬁf”?u%?ﬁﬁspng@att?@

processor cﬁﬁ%ééq( NNt in%é‘{namit %ﬁfng TRSS Ecdritfdi )9‘ d%h%ﬁfﬁé‘?s RnaeT

suppl i es, circuits, 1 nput/output circuitr s stens, and the

i ke. An etsubprgcgssacesthe nmmbrya%ﬂcsmup:beditmmeeCﬁU 244gEhem¢mpr)52©2 ed in

the memory grélgorﬁgut%rsig; gﬁé?nedium, may be one or more of readily available memory
such as random access memory (RAM), read only memory (ROM), floppy disk,
hard disk, or any other form of digital storage, local or remote. The support
circuits 246 are coupled to the CPU 244 for supporting the processor in a
conventional manner. These circuits include cache, power supplies, clock
circuits, input/output circuitry and subsystems, and the like. An etching process,
such as described herein, is generally stored in the memory 242 as a software
routine. The software routine may also be stored and/or executed by a second
CPU (not shown) that is remotely located from the hardware being controlled by
the CPU 244,
[0027] Figure 3 is a flow diagram of one embodiment of an etch process 300
that may be practiced in the chamber 200 or other suitable processing chamber.
Figures 4A-4C are schematic cross-sectional views of a portion of a composite
substrate corresponding to various stages of the process 300. The process 300
may be utilized to form high aspect ratio features, e.g., greater than 20:1, for
structures, such as a contact structure for field effect transistors. Alternatively,

the process 300 may be beneficially utilized to etch other types of structures.




routine. The software routine may al so be stored and/or executed by a second
CPU (not shown) that is renotely | ocated fromthe hardware being controlled
by the CPU 244. [0027] Figure 3 is a flow diagram of one enbodi nent of an
etch process 300 that nay be practiced in the chanber 200 or other suitable
processi ng chanber. Figures 4A-4C are schematic cross-sectional views of a
portion of a conposite substrate corresponding to various stages of the

process 300[00‘2‘&;]3 prr%eﬁ@céé)é)aomg% S blbir 802 1 tFéHslfrémn@m ésrtﬁs\fng é@? g0

features, gb greater than 20:1,” for structures, such™as a con

structure feu sﬁraéqa R ek t@cﬁn etchprenassschamnber, rBJ.ttheSythe etoh phambes 2000 may
be benefi ci tild zed h ot her,. type ture 8] .The
process 3008%%5 5Ny 'gHr% @b eo?’"tblogﬁgé/@ 3?9{69?' In guber 361 Sh‘% % Jra
substrate 2if4 thasaa fmhcéta@kmﬁaomgr@qfatte'ih@@ nadsk h@e?tms aisp 619,66 o’nOQ
depicted in Figure 2. In the enbodi ment depicted in ure 4A, the substrate
214 has a fdlelﬂcmcaéwexoﬁoﬁawhﬁgpaﬁ@r@edem lenek 40@/@as4o@ermng@oﬁh&j that a

dielectric r. 40 r 4 eni hgs 4P8, t hat
expose port %@;o%eogorfﬂgggﬁggé &%@y 892’3 ezé‘ftf'f%(aYQJy‘g% tﬁaﬁpgefﬂ |SHBStrqiﬁe
substrate 214 way be aﬁy 6RE 6f sEAMLEMIELSE FubSHARS, adifon SvhfefON ghiser s,
glass substrates and the like. [0029] In one enbodi nent, the nask Iayer 406
may be a hasubstiades and ﬂpﬁhbke)rem st mask or a conbination thereof. The mask

| ayer 406 an etch.nmas f eat s 410.in_the dielectric

| ayer 404 mot#%ﬁem '?e%[’eagﬁ%%qd'mlegf {5]% emtﬂ% ¥t thogsnlﬁ?'obﬁegcrﬁ R ﬁgr & n may

i ncl ude t r epldtfesistimbsk @P@NEAHEBInatbA thé’k%o\" He hBsk ey BUis'®dtd aé B@ Mask
| ayer 406 aéhbe a material selected froma group consisting of silicon,

silicon oxi rvpsk doeteh featdegs 410iir dhe d@dg@tncrlamr 4¢4 witodesisediagpect

h | nbodi_ment
op ot ed_ holABs: TAdEATEE 11 deShthtd Beteln may iRire e aR I, iy Bpen s
exanpl e of L@ tAEDIKEIONS ofar BRIbIdaMERt, Rk h@samayéﬂm%fqiet Q Mdtgrigil | NTM
(APF) available from Applied Materials, Inc. dielectric |ayer 404 may

be a di el ecselectedxirer a gyeup consisting wf tsilicbs, aﬁcem iaxide, fadlicont nigrids, edilieonr i ¢

layer incl ug)((aynutrrﬂ sﬁicon cactgigegar%so?pl'gotﬂss%arb%lrj\?gngscosmtl)lhgto ions ﬁ'\ereof‘? In an
exemplary embodiment depicted herein, the mask layer 406 is an amorphous
carbon layer. One example of the amorphous carbon layer may be an
Advanced Patterning Film™ (APF) available from Applied Materials, Inc. The
dielectric layer 404 may be a dielectric oxide layer. Other suitable materials for
the dielectric layer include undoped silicon glass (USG), such as silicon oxide or
TEOS, boron-silicate glass (BSG), phosphorus-silicate glass (PSG), boron-
phosphorus-silicate glass (BPSG) and combinations thereof. In an exemplary
embodiment depicted herein, the dielectric layer 404 is an undoped silicon glass
(USG) layer. In one embodiment, the dielectric layer 404 has a thickness
between about 3000 A to about 15000 A, such as between about 4000 A to
about 12000 A, for example about 10000 A.
[0030] At block 304, a gas mixture that includes a fluorine and carbon based
gas and a silicon fluorine gas is supplied to the etch chamber to anisotropically
etch the substrate 214 placed therein. During etching, fluorine and carbon gas
and silicon fluorine gas are dissociated as reactive etchant species by a plasma
formed from the gas mixture. The silicon ions from the silicon fluorine gas react
with a portion of the carbon ions from the fluorine and carbon gas in the gas

mixture, forming a conductive silicon containing polymer on the etched surface,
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TECS, boron-silicate glass (BSG, phosphorus-silicate glass (PSG, boron-
phosphorus-silicate glass (BPSG and conbinations thereof. In an exenplary
enbodi ment depicted herein, the dielectric |ayer 404 is an undoped silicon
glass (USG |ayer. In one enbodinment, the dielectric |layer 404 has a

t hi ckness between about 3000 A to about 15000 A, such as between about 4000
A to about 12000 A, for exanple about 10000 A. [0030] At block 304, a gas

m xture thag gl nsidewans, aafffleu@fremmr@tcﬁéa b9 thd ARAEctrig agySnJo4 §s sh6@A in
fluorine gas is supplied to th e etch chanber to ani sotrgﬁmca y etch the

substrat e 2figurs 4Bedstthersilicon omsi mgy grevidagnord alectrass lngaetbbmggaan and

I fl t chant b I
Formed fr ot RGN SAsH BT ST AR LFERLS BRufeiWE SePBEsh Rreir e gas.
react withsigewand,i el didisctaenist 40stHe’ esndigive! wpbﬁ?esaaﬂ thé'shigbngas in
the gas mixture, formng a conductive silicon containing pol ymer on the

et ched surfmalnlny QOUmel’s‘ﬂ‘tﬁa\ﬁ@BlS@ apf elestion rteansfan peagiss dodaurtimg: ddiriefect ri c
| ayer 404, n._ F.qu he siljicon ions rovi,de

el sct rons. diEi Sgh dberian THaRonddE sldfoniaiie pehtufh 416 canairs Becd <o
protect theops diRbrseletR6Rs t@ e deeFéﬁ'ﬁWﬁidn% ofothel fe@tteg! 1%k rsCsHawieby404,

t he conductive properties of the silicon containing polymer 416 aSSIStS an
el ectron tramewed1Br bbesonductiver pcaigrrmndayreg 416raisereducesaaharge builhep and

conducti ve SI|ICO nt 1 uct ns_and/.or

el ectrons t¥ W\% rElQCtﬁgr%ﬁﬁV?g 4ﬂ§ %'mF'Fh(ﬁ l%gﬁ[ PSS 39% ﬁlﬂe &ﬁvedv'ngatpﬁoms
418. The comgtfibs veeiRg! ¥ieed! ayffowdd ebwedrgdum%eﬁh@igaq;tmﬁ ke UstcRiRg
growth into the features 410 of the dielectric |ayer 404 ereby preventing

the featurgrocess.nghel eerdyctiver siiged, ccwdamg)rpdlwnehe41ﬁjnmm@vemghe hien

etchin r The condugct silic cqpt ain 4 I_pproyves the
Con 1raj ScLaRERGer i FE ateiad: fedles ad 5366 el PP the imAle
formation OFeatu‘réguuoeﬁ'tma@hvnstdéchraqtbsmqh tﬁé‘Hié?éctﬁ@%érthe dielectric

| ayer 404. [0031] During éetching, the mask |ayer 40 gaal so be attacked by

the fl uor| 3bns During etehing,p i shisya@yat )410@r mayAslsgu attgckedd byigthehe

SHheon AR B o el AR e B0 S e Yiben e

mask |ayer ffinedyd<Pintd the fluorine and carbon based gas mixture, the silicon ions from
the silicon fluorine gas may efficiently react with the mask layer 406 to form a
strong protection layer 414 on the upper surface of the mask layer 406. In the
embodiment wherein the mask layer 406 is an amorphous carbon layer, the
silicon ions react with the carbon elements in the mask layer 406, thereby
forming a robust silicon carbide layer on the upper surface of the mask layer
406, thus protecting the mask layer 406 from being attacked during the high
aspect ratio features 410 forming process.
[0032] In one embodiment, the silicon fluorine gas supplied in the gas
mixture may be selected from a group consisting of SiF4, SiCls and the like. The
fluorine and carbon gas supplied in the gas mixture is selected from a group
consisting of CF4, CHF3, CsFs, CoFe, CsFs, CsFs, CH2F2 and the like. An inert
gas may be optionally supplied with the gas mixture to assist carrying the gas
mixture into the etch chamber. Suitable examples of the inert gas include N,
Ar, He, and Kr gas.
[0033] Several process parameters are regulated while the gas mixture
supplied into the etch chamber. in one embodiment, the chamber pressure is

regulated between about 10 mTorr to about 60 mTorr, for example, at about 20

8



strong protection layer 414 on the upper surface of the mask |ayer 406. In
the enbodi nent wherein the mask | ayer 406 is an anorphous carbon | ayer, the
silicon ions react with the carbon elenents in the mask | ayer 406, thereby
form ng a robust silicon carbide |layer on the upper surface of the nask

| ayer 406, thus protecting the nmask | ayer 406 from being attacked during
the high aspect ratio features 410 form ng process. [0032] In one

embodi ment, mirer. WA 56@eel pdipsr may %Sasé;sml fo@airftaine fifna fBrHéHﬁoH\Bt]}‘l ebe
selected froma group consisting of F4, SiCl4 and It ke. The fluorine

and car bon fifsb psegssisi @as.i rFtheanaalema(power iof aimutczcwwmmmm a@uouuriooo

t CF CAF6 F 2F2 and t | i.k
Crert " gas WatSalay 4 aabed, t aBahPuaEY kolRed chng sgilted B mtinGin 8"
carrying theasma ingicet Weee!cﬁt@wérﬁsetem ﬂmrr’@bnd%arbaﬁlq%semMeeﬂo%dt he
inert gas include N2, Ar, He, and Kr gas. [0033] Sever process paraneters

are regul atietb e |chamb@rgastsa rrabe betveasuppbukdli stom ttheahﬂuthﬂlﬂ'nammr Then one
enbodi nment hanber press | at.ed bet ahouyt orr,.to
about 60" niegeh st Al rEaY be fiBe, inGEeE AR Sles FaB ietveRB A thay) be
applied to gaimt@aBoat B @SR THY st gfgéspfﬁatyrl% flbiveatintey t‘h%e@}"arﬁ@ér atFé’"rate

exanpl e, a power of about 200 WAatts to about 1000 Watts may be applied to
an i nduct i vieétyweepupbeut 200escnn stounbeutt 4068 sacan. nAasub$fB@tBatem}s¢rawrehB et ch

chanber. The fl uorine.and c as _may~be. flo tp the nber at a
rate bet mee'ﬁ'aé{ﬁ%ﬂ?dﬂ?“g%%%ag gg%% ﬁﬁ?’%%'éms t?\t%ou%bﬁ cﬁe&geﬁ @8? ¥R gas may
be flowed i o34y heﬂﬁaﬂiﬂ?ﬁlly,&‘th@ réﬁ’é Q)fQﬁéVYﬂRﬂln%bQH(H cjé?boﬁcg-‘a'g t® tﬁé’%‘ﬂ?coﬁo Ccm
The inert gas may be flowed into the chanber at a rate between about

sccm t o abofluoringogass supplied inubetgast mixteiepwaytber eontwllegdaimone reenbcbrbmmen

bout 20 d Cel b de Cel ) 003 Addi Iy,
PPl at o’ s BB (AR, h M iRk, Sd SEAbE gas 18] 1R, SileoR) anrinca g

suppl i ed i nedrtfolRaDERVEEHEBOTRY (P65 chQBdS@tH@@ fdﬂbm@plsﬂaséutrmotz the gas
ratio of the fluorine and carbon g;s to the silicon fluorine gas is

control | ed [P838¢en Adibdack 306). arsem cibloeftthe :etcting fooocassdsletsrmibed by ang. 25.

[0035] At bLofbid Wetrdd 529858 Teafllie ' 4o FEMEY LHRERET USptRe aH ToliShal®y anY
underlying layer and/or the substrate 214. For example, the endpoint may be
determined by monitoring optical emissions, expiration of a predefined time
period or by another indicator for determining that the layer being etched has
been sufficiently removed.
[0036] As shown in Figure 4C, the features 410 with a desired high aspect
ratio are formed on the substrate 214. In one embodiment, the features 410
formed on the substrate 214 have an aspect ratio greater than about 20:1. In
one embodiment, the process 300 may be utilized to form a contact structure
having features 410 with aspect ratios greater than about 20:1 formed in a
dielectric layer 404 as a contact structure disposed on field effect transistors
504 on a substrate 502, as shown in Figure 5. The features 410 may be filled or
deposited with metal materials to form interconnection structure on the
substrate. Examples of metal materials include tungsten (W), tungsten nitride
(WN), copper (Cu), titanium (Ti), tantalum (Ta), aluminum (Al) or the like.
Alternatively, the process 300 may be used to manufacture other structures

used to fabricate integrated circuits.



sui tabl e met hod as one feature 410 reaches a desired depth, an optional
underlying |layer and/or the substrate 214. For exanple, the endpoint may be
determ ned by nonitoring optical em ssions, expiration of a predefined tine
period or by another indicator for determining that the | ayer being etched
has been sufficiently renoved. [0036] As shown in Figure 4C, the features
410 with a desired high aspect ratio are fornmed on the substrate 214. In
one enbodi g 037Lt herhhgattuéepre%ﬂt ém&aﬁomrprbb@e%ul@ﬁt ipRVEH4 nhéted afbraspect
rati o greater than about 1. In ‘one enbodinment, the process 300 may be
utilized tcetcblnsw@sybatraf@t toSfoUbfaﬁtleresnwh agpeetratiossgreatenshen %&fbe&'her ati os

i Tacture dnepbgbacvttpoefiSER ety 8 il cSnidBaned belimBodBloghh ..

shown in Figigi @nSadditién e ailicba Flubtifegas feefori t&tudtive dridaRbE fasyewduhnget al
materials to forminterconnection structure on the substrate. Exanples of

net al mat eretahiagi thergby efficigrlive prqviging tanegsprefilen andi dimengsian) cortepimfrthecu) ,

br ocess s00erytEAGh 5Bk ATIANBL R B ToeldE 1 ce ued to Tabricate
i ntegrated o3} t $vhilk [tﬂ@37dre§6|hgs id NfirelRteRp &bt efibddimahtsobf PtHeY igiesern

i nproved nethod for etchin trate to formfeatures with aspect ratios
great er thaRvemion, qther anst erdeamogieentsl of dae ngventiarugnandeadevisadbon

conauct ve WEIHerEbaTRo RabT4E Biiisbel inshenl, "8R4  hRENp MSseh Ko Gooa

profil e andiétefpineddy wendlaitls Wt folew. f eatures with hi gh aspect ratios
formed on a substrate. [0038] Wile the foregoing is directed to enbodi nents

of the present invention, other and further enbodi ments of the invention
may be devised w thout departing fromthe basic scope thereof, and the
scope thereof is determned by the clains that follow 10 REFERENCE
NUVERALS 102 substrate 502 substrate
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104 di.electric. layer 504 transistors 106 patterned mask |ayer 108 openi ngs
110 features 112 |ower surface 114 by-products 116 bottom 118 tw sting
profile 200 chanber 212 coil antenna 214 substrate 216 pedestal 218 RF
source 219 matching network 220 dome 222 RF source 223 matchi ng network
224 DC power source 225 resistive heater 227 throttle valve 230 wall 234
el ectrical ground 236 vacuum punp 240 controller 242 menory 244 CPU 246

support circuit 248 Soﬁéﬁéﬁ%ﬁw%hmﬁﬂﬁé m xture 300 etch process

102 substrate 502 substrate
104  dielectric layer 504 transistors
106 patterned mask layer
108 openings
110 features
112  lower surface
114  by-products
116  bottom
118 twisting profile
200 chamber
212 coil antenna

C«' 214  substrate
216 pedestal
218 RF source
219 matching network
220 dome
222 RF source
223 matching network
224  DC power source
225 resistive heater
227 throttle valve
230 wall
234 electrical ground
236 vacuum pump
240 controller
242 memory
244 CPU
246 support circuit

c' 248 source
249 conduit
250 gas mixture
300 etch process

302 Dblock
304 block
306 block

400 film stack

404 dielectric layer

406 patterned mask layer
408 openings

410 features

412 bottom
414  polymer
416 polymer

418 arrows
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302 bl ock 304 block 306 block 400 filmstack 404 dielectric |ayer 406
patterned mask | ayer 408 openings 410 features 412 bottom 414 pol yner

416 polyner 418 arrows 11 What is clained is: 1. A nethod for anisotropic
etching a dielectric layer on a substrate with high aspect rati os,
conprising: providing a substrate having a patterned mask | ayer di sposed on
a dielectric layer in an etch chanber; supplying a gas m xture including at
| east a fl uy¥hatisazldimédli®n containing gas and a silicon fluorine gas into
the etch chanber; and etching features in the dielectric layer in the

presence of a Iasma f ormed fromthetcgas m xture, 2. The nmethod of claim1,
wher ei n t he di eI Acmatkod f9eanisetropiceeicBNg Adtielectris laysr hai %‘%bsrﬁ'@t%f“"ﬁhdoped

silicon gla 0 e glass (BSG, phosphorus-silicate glass
(PSG, bor oﬁ%phno pc(’t)rrél}gfss:EPﬁiéJrfsgﬁél ass (BPSG) and conbi nations thereof. 3.

The net hod of cl providingwhesehsirdtéehapang er pattermestk rhagierayer digbeséddon fa om a
group conS|st|nq of silicon, silicon oxide, silicon nitride, silicon
oxyni tri de, dieleqtyie layegan Bngich gh@mPBBus carbon and conbi nations thereof. 4.

The method of cl @|Rpiing™F i mkRReY ifbudiRg 8P Se 93¢ Hudrile! ARt cBRSBY | Ses:

containing gas and a silicon fluorine gas into the etch chamber; and
etching features in the dielectric layer in the presence of a plasma
formed from the gas mixture.

2. The method of claim 1, wherein the dielectric layer is selected from a
group consisting of undoped silicon glass (USG), boron-silicate glass (BSG),
phosphorus-silicate glass (PSG), boron-phosphorus-silicate glass (BPSG) and
combinations thereof.

3. The method of claim 1, wherein the patterned mask layer is selected
from a group consisting of silicon, silicon oxide, silicon nitride, silicon oxynitride,

silicon carbide, amorphous carbon and combinations thereof.

4. The method of claim 1, wherein supplying the gas mixture further
comprises:

forming a conductive polymer layer on the etched surface of the dielectric
layer.

5. The method of claim 4, wherein the conductive polymer layer is a silicon
containing polymer.

6. The method of claim 4, wherein the conductive polymer layer assists

conducting ions generated from the plasma for anisotropic etching the dielectric

layer down toward a bottom of the dielectric layer.
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form ng a conductive polynmer |layer on the etched surface of the dielectric
| ayer. 5. The nmethod of claim4, wherein the conductive polyner layer is a
silicon containing polynmer. 6. The nethod of claim4, wherein the
conductive polyner |ayer assists conducting ions generated fromthe plasna
for anisotropic etching the dielectric |ayer down toward a bottom of the
dielectric layer. 12 7. The nethod of claim 1, wherein the fluorine and

car bon conti ni %@ﬁ%thaﬁ%ftd?&nﬁh!' ereih! tHe fiudgingasn R 8o dofathi '%éis&

The nethod of claimil, erein the fluorine and carbon contail ning

sel ect ed frand thegsilicgn ftuoriiesgasgreoBiFgRnd $IBE3, C4F8, C2F6, C4F6, C5F8 and
CH2F2. 9. The nethod of claim1l, wherein supplying the gas m xture further
conprises: supplying the fluorine and carbon containing gas at a flow rate

bet ween abput 2Phe fidthad & RMnt1, WHLreRCie fRIdARRYEHECABBNont4ifiRgidd4dsi ne
gas at a flow rate between about 10 sccm and about 50 sccnm nai ftaining a

process pr esalectedafromeavgronpatansisting off &, CdHRdy dUtF 56 2 FeiT€iFs, Celrg mOfI i ng
substrate t ﬁplx_erature bet ween about 20 degrees Celsius to about 80 degrees
Cel si us; and''dpblying a plasma power of between about 200 Watts to about
1000 Watts. 10. A nethod for anisotropic etching a dielectric |layer on a
substrate with high aspect ratios, conprising. providing a substrate having
a patternedd.anorpheusetteocbaf ¢tlainr 1, dvhspeiedupplyimgditeé egas i mixturgefurthero an
etch chanber; supplying a gas m xture including at |east a fluorine and
carbon contdIRi%ff gas and a silicon fluorine gas into the etch chamber; and

supplying the fluorine and carbon containing gas at a flow rate between
about 20 sccm and about 100 sccm;

supplying the silicon fluorine gas at a flow rate between about 10 sccm
and about 50 sccm;

maintaining a process pressure at between about 10 mTorr to about 60
mTorr;

controlling substrate temperature between about 20 degrees Celsius to
about 80 degrees Celsius; and

applying a plasma power of between about 200 Watts to about 1000
Watts.

10. A method for anisotropic etching a dielectric layer on a substrate with
high aspect ratios, comprising.

providing a substrate having a patterned amorphous carbon layer
disposed on a dielectric layer into an etch chamber;

supplying a gas mixture including at least a fluorine and carbon
containing gas and a silicon fluorine gas into the etch chamber; and

etching features to an aspect ratio greater than about 20:1 in the
presence of a plasma formed from the gas mixture through openings in the

amorphous carbon layer.
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etching features to an aspect ratio greater than about 20:1 in the presence
of a plasma fornmed fromthe gas m xture through openings in the anorphous
carbon layer. 13 11. The nethod of claim 10, wherein supplying the gas

m xture further conprises: form ng a conductive polyner |ayer on the etched
surface of the dielectric layer. 12. The nmethod of claim 11, further
conprising: reacting the silicon elenents provided by the silicon fluorine

gas with theq amoyHensthedr 8P -IdiRY 90, tv%érermaﬁpwgmf%%]w&furelﬁmh‘étle

met hod of cI a| m 11, wherein supplying the gas conpri ses:
suppl yi ng arcomwlstesgas with the gas m xture |nto the etch chanber, wherein

the inert s selected 1
s B o e A BT g it I

hi gh aspect 3@ 0S, conprising: providing a substrate having a patterned
anor phous carbon Iayer di sposed on a dielectric layer into an etch chanber;
supplying a gas mxture includi ng at least a fluorine and carbon containing

gas and a SI| fI uor.in e etch chanber; etching features to an
aspect rati ojgr eat& h%ﬁge%'g‘g 2&) ﬁP her CARPT8INGE ectric | ayer by a pl asma

of the features \ERring e FliccPLRAREhE crondus by tfi Ao Measthit the T0es
struct ure f@amdipbbds ebftzarnt Ialyeatosiosmoa protedﬂi)n [ager.met hod of cl aim 14, wherein

the dielectric layer is selected froma group consisting of silicon oxide,
boron-silicate glass (BSG, phosphorus- silicate glass (PSG,

bor on- phosphgy us-f{d iriéhBd9bATRirBAT Wi LB RS gdd'shikRlre ffther

comprises:
supplying an inert gas with the gas mixture into the etch chamber,
wherein the inert gas is selected from a group consisting of N, Ar, He, and Kr.

14. A method for anisotropic etching a dielectric layer on a substrate with
high aspect ratios, comprising:

providing a substrate having a patterned amorphous carbon layer
disposed on a dielectric layer into an etch chamber;

supplying a gas mixture including at least a fluorine and carbon
containing gas and a silicon fluorine gas into the etch chamber;

etching features to an aspect ratio greater than about 20:1 in the
dielectric layer by a plasma formed from the gas mixture;

forming a conductive polymer layer on surfaces of the features while
etching; and

configuring the features as a contact structure for field effect transistors.

15.  The method of claim 14, wherein the dielectric layer is selected from a
group consisting of silicon oxide, boron-silicate glass (BSG), phosphorus-
silicate glass (PSG), boron-phosphorus-silicate glass (BPSG) and combinations
thereof.
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