ETCH PROCESS FOR 3D FLASH STRUCTURES BACKGROUND OF THE | NVENTI ON [ 0001] The
priesent invention relates to the formation of sem conductor devices. Mre
specifically, the invention relates to the formation of three di nensional
flash structure sem conductor devices. 100021During sem conductor wafer
-processi ng, high aspect ratio vias are sonetines required. For exanple, in

t hree di nensional fIRPEOHEROCESYFORSD FUASH STRUCTURES N a stack of a
plurality of bilayers. An exanple of such a device is the Toshiba Bi CS (Bit

Cost Scal abl e).

BACKGROUND OF THE INVENTION

[0001] The present invention relates to the formation of semiconductor devices. More
specifically, the invention relates to the formation of three dimensional flash structure

semiconductor devices.

[0002] During semiconductor wafer processing, high aspect ratio vias are sometimes
required. For example, in three dimensional flash memory devices, vias are formed in a stack
of a plurality of bilayers. An example of such a device is the Toshiba BiCS (Bit Cost
Scalable).
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SUMMARY COF THE | NVENTI ON [ 0003] To achi eve the foregoing and in accordance
wi't h tthe purpose of the present invention, a nethod for etching features in
a plurality of silicon based bilayers fornming a stack on a wafer in a

pl asma processing chanber is provided. A nmain etch gas is flowed into the

-pl asma processing chanber._Th n ﬁfg:e ' rmed into a plasma, while
providing a first pressureS.UM?‘(’gﬁ rO?é- &Z?E&iléﬁ |l ess than 20 Cis
mai nt ai ned. The pressure is ranped to a second pressure | ess than the first
pressud@0@ t ho pthievesthe farhgaing Andbungiccerdpnagrveith thy pufposeief the preskitt y of

il b d bil . Ih | f 8 h [ d af
i st ARGRRP A mERon R e eriyesap s alBit seSTpaR By bR Snot her
mani f estakiof wifed 8 pLEIbORsR e RANBY i§ provRica NiANEain@AHERSs flowad Ritir al ity

of silicon based bilayers formng a stack on a wafer in a plasnma processing
chanberthé plagnapiodessingAhamber. eklsimgastahg@epis ©med mtd b plasme.awhibspranding=3 i s

fl dinto th | i h o 4N i t is.f dint
2 ol asTSRIFREre A SRR BTt P algLL GBrVBRADSS: 6 PRETBE 80 rorr . A
vaf er LeNBE] RAldletoRtf pre@tfe leleWad theGirkiHrERuRRItNE M asnl D cREQRRMEEal S T anped

to a second pressure less than the first pressure as the plasna etches
t hr ougpharalptyinfdhe plyratify efrséligoiniasdd hilayerfs. Jhe iflovrofshemdingtttagasris stoffibesl f | ow of

the main etcgh S .S opped . after a firs lurality of the plurality of
bi | ayeragtef%gés(tgﬁ%ﬂ?tyf’gg@éﬁﬁrﬁ@@’éﬁz’%}’%f We‘?lél?aat ures of the present invention
will be described in nore detail below in the detailed description of the

i nvent il80046nd Tmanethsr meaifedption efithe wentinm amehgd forgiphing feapyrgsap aDESCRI PTI ON

OF THE p ura\{yyl\(l)?%ilicon based bilayers forming a stack on a wafer in a plasma processing chamber

is provided. A main etch gas comprising a fluorocarbon and NFj; is flowed into the plasma
processing chamber. The main etch gas is formed into a plasma, while providing a first
pressure between 30 mtorr to 60 mtorr. A wafer temperature of less than 10° C is maintained.
The pressure is ramped to a second pressure less than the first pressure as the plasma etches
through a plurality of the plurality of silicon based bilayers. The flow of the main etch gas is
stopped after a first plurality of the plurality of bilayers is etched.

[0005] These and other features of the present invention will be described in more detail
below in the detailed description of the invention and in conjunction with the following

figures.
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[ 0006] The present invention is illustrated by way of exanple, and not by
way of*limtation, in the figures of the acconpanying drawi ngs and in which
li ke reference nunerals refer to simlar elenents and in which: [0007] FIG
1 is a high level flow chart of a process that may be used in an enbodi nent

-of the invention. [0008] FLGS._ 2A- sch i 0ss-sectional views of a
menory stack forned ac%%g@ 5¥HU§Eﬁéﬁ58§?ﬁgﬁ@RgW&éﬁzfinvention. [ 0009] FI G
3 is a schematic view of a plasma processing chanber that may be used in

pract i dPP]t heThepresent envenfioniollwt@teddy wayefiaxample, andeetpytveay ofyst em  whi ch

'S sul 1;ha bll igﬁoiirnc}hgglggrgs?g% fhe %cc%n%:p%gglirng Idlraev»rlinlgfsS aen% in r\])vhelcqp ﬁlgel %?e%r?cequmte?zﬁs
pr esent t ;
refer to similar elements and in which:

[0007] FIG. 1 is a high level flow chart of a process that may be used in an embodiment

of the invention.

[0008] FIGS. 2A-C are schematic cross-sectional views of a memory stack formed

according to an embodiment of the invention.

[0009] FIG. 3 is a schematic view of a plasma processing chamber that may be used in

practicing the invention.

[0010] FIG. 4 illustrates a computer system, which is suitable for implementing a

controller used in embodiments of the present invention.

[0011] FIG. 5 is a graph of etch rate versus etch depth for two different pressures.
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[0011]FIG 5 is a graph of etch rate versus etch depth for two different
pressures. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBOD|I MENTS [ 0012] 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.
dn the foll ow ng description, nunmerous specific details are sgt forth in

order to provi@ TATLEBY Eﬁ&@Ns@%ﬁﬁ% EFEW%WM%NE tion. It wll

be apparent, however, to one skilled in the art, that the present invention
may be [PORdt i cEbe piesdnd invesbenewdl new be described in dgvait withaelgeengg fosa fewn ot her

i nst |1,k .St / t t h t

descr Bedery aEpaRe s P REes B HaRe IR RecioalhpPiA R wIRE b P55 ne
i nvent i QBeripghiBA 1Rinkr6iN pacific ABtafs BRGEt foithiif ofRRk BSprofildialtRsrosbleval |
protection to ensure %gcontrol and avoi d bowed and under cu% profiles.

Howev e rundersanding lof ghel present inwertnl dawilt e gpipatsnt, dibfveperofa ¢nesskilled iethetarst op.
At hi gh, aspect ratio, _.the apount .of reactive s i reachi.ng the etch
U { aoahNERGHHC s ghion HaBEY BRCUSFIHERED SRe SRl PERERR BRPBRGFe: Bhe ar e
mor € it Yndthck® %@ellﬁlﬁ?% ;ﬁ@&"sgyteﬁya#%rls{rﬁétﬁfés%@@n&tbggn BYscRb QPO

etchants inside the holes or wth the hole sidewalls slow ng down the etch
rat e. Tihiosder $0 netluneccesspidcobsRareithe Pepan dernti®t.chi ng (ARDE). | ncreasing ion
energy can help naintain the directionality of ions and avoid too much | oss

on sidgeedd]s, Btthirgtdgh aspder rafié hbles reaaitesald@ndli protegtion ticdmeaRi CY cdiibdlal so
provi des nore etchant species, _ions, and neutrals., However, increasing TCP
does nomndayeidhested @ng npdarens peefiles.t HeweyesHop sush pobangs svould iead fapinelapl | s
limted by reactant. diffusion d . t ol 14] . I L

R B R S e N

used i nuslcERRRAifitanily 8écrédied diviethé Rirowkiedhansly, MBndargndas PREly t6 RIst0 Vi as
in a stack of silicon based bilayers. A mask is formed over a stack of a

pl ur al itheir eergy by %@Hiilaagv_é@ el ayeroduesh onetakmés ingide éh?l hndes)or withyiE Holet ch
ChamberdshvlS SRart o el 1hech R tt R BoBF RSB o gas

i's for RRDEN An@eMiSioB edred chi Adp niMEHUREdit&dti®Ralit} &F iond ARd Wedi@kod S
mai ntai ned at a tenperature below 20 C (step 116). The pressure is ranped

down t onechslessorrdsigevedlsubus theaderdfhis mask stleeietityprinersasing 6P absewrovideshe

plurality of .bilayers.is etched (s 120). The f of the in etch gas
<5t ot <Lk PE95 ik, Siapirabs HieS e Hersraeieah ogks ol STRAIBL 11 oo ng
an overinglesdd tBstch Bité bebfisPHRSIE RIS Bitied By chRMe HiffislARioWtthe hdlke. over
etch gas is nore polynerizing than the main etch gas. The wafer tenperature

e Ly D e
et chi ngeafsed hearpdrb@limeiyt oFfthdink entding whitheoeveliigk bgfecoatio iviassit apfaekliof st ep
144). Ps?l?ceon‘}based bilayers. A mask is formed over a stack of a plurality of silicon based bilayers
on a wafer (step 104). A main etch process is begun by flowing a main etch gas into a plasma
processing chamber into which the wafer has been placed (step 108). The main etch gas is
formed into a plasma at a first pressure (step 112). The wafer is maintained at a temperature
below 20° C (step 116). The pressure is ramped down to a second pressure less than the first
pressure as some of the plurality of bilayers is etched (step 120). The flow of the main etch
gas is stopped (step 124). An over etch process may then be provided by flowing an over etch
gas into the plasma processing chamber (step 128). The over etch gas is more polymerizing
than the main etch gas. The wafer temperature is increased (step 132). The chamber pressure

is decreased (step 136). The plasma is formed from the over etch gas (step 140) which

completes the etching of the plurality of bilayers. The over etch gas is stopped (step 144).
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Exanpl e 1001511 n an exanple of an inplenentation of the invention, high
aspect-ratio vias are etched in a plurality of silicon based bilayers
forming a stack over a wafer substrate. Each bilayer preferably has a

t hickness of 20 to 40 nm A mask is forned over the plurality of bilayers
{step 104). FIG 2A is a cross sectional view of a mask 204 forned over a
plurality of bilayers creating a nenory stack 208 on the wafer 212. In this
enbodi nent, each bilayer of the plurality of bilayers is fornmed by a |ayer
of sil iEzempixi de (SiO 216 under a layer of polysilicon 220. In this

enbodi ment, the mask 204 is anorphous carbon. One or nore |ayers such as an
etch st[O@lS]ayeIn aregkahpl o Samoiagderbaitatirmofitheinst@oda, RA aapatt tdtie viesfaee 212, or
the wafer 212 nay be used as the_landing | ayer. One or nore |ay % may be

di sposeeaclﬁéﬂmehlr%lﬁé oﬁghﬁ?ryb%%éﬂamfogﬁwgt%awr pyafer spstigter Cb\/af er 212
may be bqiaggrepqefeﬁbg( R AGRRRALY of 961 o & mperAﬂ,l LR RUBSEAUARE R htty'ﬂfG 3
schemati C S 0 SVES

trates an exanpl e asnma processin em 300
whi ch reipyée (sﬂspacbzt)o Fierinisa érbs fectiamd slewf ofamh]sikr@%fbhhabawmafphrmhuyn
accordance with one enbodi nent of the present invention, The p

pr ocessIfbifaxys ereptimpmeRenuHak 08mabfaya@d eoln melﬂlé‘ﬂ“ﬁﬁmae?ﬂhé’élﬁﬁer

4.1kh tch
e tvor & RSO vty Aofringd b ByRE ORiREYEOaL AROY2 Hohad UG, B 8 T8 °
312 to wiwdidona2p) asthis éiﬂlébdlﬂﬁelﬁth&leﬁh&km4ﬁ)§ ﬂﬁ&@hbﬁ@ca@ﬂﬁﬁfm{e &Gﬂoﬂﬁ)?ayers

provi ding an inductively coupled power. The TCP coil (upper gower sour ce)
310 rra;pusleawmtp@sﬁpmhaypbmsy be diseosed st esnrheisteek 208 dghe Fafes 2dd-tdhithe

processjr @or it a? $%-as 'fl?e&l (%i;ﬁlgggd?r (t)ll;'elze or I?Erquf(érs kg B%%p&ﬁd%@&éeﬂ ed to

gener at'e” power ower w ndow

312 i s jpemviydedk208 aapeahgkidog. TCP coil 310 fromthe plasm chanber 304
while allowing energy to pass fromthe TCP coil 310 to the plasnma chanber

304. A \eiqr birgs v&é@értfi‘g ?na?f?g?'lac%ﬂ RPh ¥rovt&idd a8 HhoPerBritRlisR ek Wepk 318

provi des power to an el ect 320 to set the bias voltage on a wafer 322
whi ch |1§(hapdmmantalﬂwyyﬂh1hmted @CeNaode GQaOplas‘mapmcssldgayst:emoﬁeﬂsclpmamfos for

100171 THES B DRBTcetT gy e o Y srsﬁé?%qor&ntaé‘%ita?ﬁ%@%a&ﬁw Shippl y

316 may, f i h as, for
cxanp) Sh B R B EE T BB S R e R N B asm
power shiyvjngya @eémapdcedingrchimber 3(@ahareins Wpplagm3 p6wrrsupbly Hoptunpd batel y

sized to supply a_range of powers in_order o achi eve desire ess
per f or FAAER netmﬂrk é%ﬁﬁl’l%,lles ipﬁwsh@ %P%B&P&éh@ SRLeC g Ié%wtwmﬁ%g%f t he

I 10000
DS SR B SRR e B by oA o 0 1

vol t ag eccmbledrpoazef a"ﬂlgeTOP cadld (ﬁppeﬂ.ﬁ@@ex\éoufd@) atilimtay ba corfipmreddl praduce 310 and/ or
the el ectrode 320 may be conprised or npre sub-coils or

sub- el etifosgeiifusipn E‘H’ﬁllﬁavltb’é‘ s SR Clbainté?répﬁg Fer sxgmmle. bty ool 3h®wer ed by
mul ti pl fiay Bg\@(;nﬁ%'dpetal th Generate a toroidal power distribution in the plasma 314. The power

window 312 is provided to separate the TCP coil 310 from the plasma chamber 304 while
allowing energy to pass from the TCP coil 310 to the plasma chamber 304. A wafer bias
voltage power supply 316 tuned by a match network 3 18 provides power to an electrode 320
to set the bias voltage on a wafer 322 which is supported by the electrode 320. A controller
324 sets points for the plasma power supply 306 and the wafer bias voltage supply 316.

[0017] The plasma power supply 306 and the wafer bias voltage power supply 316 may
be configured to operate at specific radio frequencies such as, for example, 13.56 MHz, 27

MHz, 2 MHz, 400 kHz, or combinations thereof. Plasma power supply 306 and wafer bias
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[ 0018] As shown in FIG 3, the plasma processing system 300 further includes
ar~gas ‘source/ gas supply nechani sm 330. The gas source includes a nmain etch
gas source 332, an over etch gas source 334, and optionally, an additional
gas source 336. The main etch gas nay have sone of the sanme conmponents as
the over etch 9as. In such a st ead, of havi a separate in etch

case, . |
gas SoRPEE" SRENGUGMEY BherpsePTiAlel siecd (o BIPRlY 1B BPRSY IPRe g e
conmponegnt: i V, : j ; Cfhebed
bl ow. Aol BepBRhaLE G TRa AP, Mlle SRIrAT of B e AR
pr oces plaighagioaeb euppdP306 ity segpl pthgg®wienired rangeiof3 (stod 000 Weattshawldh840. The
gas inlet may be |located in any advantagequs locatjon in chﬁg)ber 883/ and
may t areaferfjas wliges B?W?rrﬁueeltyﬁ%é TRAYSSUPPy e iasynltage A apge il 94990 Y-et  may
be confyj - . | & b ' - Q4 ' ows
i ndeper#&g% 18%'%?%%?&”3%? ﬁ?fl a?ﬁ%“?%%p?ﬁ%?? 3‘23%@3\% g% Qét;&ﬁgﬁ%kfgsdggw ?\gphrrﬁ)ﬁ |§upl e
zones icBilé besuprddetindes; Miittemaybd powtred py acipte pravee Suppld obypradddbys are
renmoved fromthe chanber 304 via a pressure control valve 342 and a punp
344, widHplgipewes giplicso maintain a particul ar pressure within the plasma
processi ng chanber 304. The gas source/gas supply nechanism 330 is
cont r ol[0ek8]by Akehevomin BIQ. 8¢ theplasma prpeessing systam PG Buthehinclndgs a g8 be used

to practice an enbodi nent of, t i nvention.. Preferably the cha r_has an
a1 uni GRS PR LGP e EREREECS WSt FeRbth b coiBaTaTHTe 4 1
a hi gh J.gv&tnh PAQGkrdizagr 210 HHBKAING aR a8ANBRHI Bhs $3:3423864 Othe ntdlh ‘éﬂ:h'rg%s
suitable for rnplenenting a controller 324 used in enbodi nents of the

pr esentmayheyasoma of Fiesamerpmpenensy st therovenctdhegas. msnehpropsd, destealofns r angi ng

froman integrated circuit, a printed ci rﬁui t board, and a snmall, handhel d
devi ce GHNES Sﬁp‘ﬂﬁ'ijénaéﬁﬁ@:h g@%ﬁ‘ﬂ'&?ee?n.d opFECte ﬁﬁ%“foé’fces&'ftgéﬁf%ﬁe PR¥19Stes one or
nore proeG r biA&! AHeRE beRWAYTHiEVI ce
04 (F o S o AR L S e e e 106
(e.g., gaspolovesd3eeddt, ardd3y acRAL)d canestmgevittepiocessih@@hémber. 304 throdghiask
drive), Page 6 _renoyabl e stqrage device 410 .0, ,,.0ptical disk drive),
user i r&aéf“g%fcglcbé‘\?iaé %Wﬁrl}?a%gd@. ?h?(gﬁfb‘B&F ey b%i??%??déﬁﬁ% vaniage¥ds, mce
or oth LAt | i 3 i { (e.qg.,
i r ol caceREh LRI IDE 2 iR iake o ord O Bl Trkibl hOSh e

sof t wargas alet mat be damfigerednapaidace e ttunebleiegas ihjeeti@oprptitee whiohstllems400 and
external devices via a Ili nk. The, s%fote Hay al so iﬁ.ciude a. ctgmmni cations

i nf r astiPdgpendeat adigstmentot thg resprsysiftoxt PIghe BiES o RpHDLe ZRASF AP PrOseShet wor k)
to whic or i 1 :

1002011 PS40 TR AL B GYRROMTREE Rt Rd FORPEE oBlmber M4 is 2 e 1

t he f orpgressiiresdogtiel walwd 342 @8l aepumey 344 inchictedl acieranmagnahiam a paticuad pressareot her

si gnal s capabl e of being received by comrunications interface 414, via a
conmmuni Wishin gie plasmma pegessigrchpiersiyn dibs 2amsPures/sassupRly #iEn 3ddihg wire
or cabl | ' o] I.Re, [ j

Fr equeriay P eRby BRhERoFBROANERG Lafh REerith Corp R el froci &
conmmuni ggddansntiofitier iha@rioni PréferabBthe tinttieg Had Apdluininooeidecoared surface
processors 402 might receive information froma network, or m ght output

i nf or mavitlhAGME (KEcqpdk ¢a8HREi n t he course of performing the above-descri bed
nmet hod steps. Furthernore, nethod enbodi nents of the present invention may
execut g08M]el y FipohistaHeglpleyelddsdh diagnamnshy wangea canepuderesystamrdOwwhichdsich as
the Internet in conjunction }Vrmﬂﬁh renote prqcessors {tgat shar.es a portion of

the prodealpder! TEE LRI HEA YEFORTEINIIR Ot F PFSSRIdBYE AR um i s
used geﬂ?erc%lrﬂﬁﬁtér%yét%%a}llﬁve many physical forms ranging from an integrated circuit, a

printed circuit board, and a small handheld device up to a huge super computer. The

computer system 400 includes one or more processors 402, and further can include an
electronic display device 404 (for displaying graphics, text, and other data), a main memory

406 (e.g., random access memory (RAM)), storage device 408 (e.g., hard disk drive),
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nmedi a such as main menory, secondary nmenory, renovable storage, and storage
devi cés, such as hard disks, flash nenory, disk drive nmenory, CD-ROM and

ot her forms of persistent nmenory and shall not be construed to cover
transitory subject matter, such as carrier waves or signals. Exanples of

-conputer co i ncl ude .machi ne code, ch.a roduced .a C iler, and
files éﬁfﬁ?‘éﬁq’ﬁ‘? grage gﬁ‘é?" %&/@Ig" &&ﬂ@%‘t&yﬁi ‘gﬁre‘i‘i‘ 8¢ B%Vlﬁségggﬁger usi ng an
i nterpn e i & t ode transmtted
by & coaende R bt PR TR R ol R B £ et ng &
sequenecemaiuni¢usibh uitttifarest 14 fak., airlax actuodbinterfigen Theaoassaticatiod G2t adee
features are etched intq the silicon based bilayers, using a in etch. In

this eddfpllews sofevarg and dafa tope trgnsfaredrhetwegndhe compiter systsm H and sxtgialoxi de
and polysi Li ¢ (N r i i : urce 330
it ot I95PIsp T 1 HE et o decih 49 R oo UGS i 406 (S0 2% o
of t he cominfunééationgbuss, cHsROvMAS of MetGdZiHp WillelBhe atremeiinedand 1- 200 sccm
NF3. Preferably, the main etch gas conprises a fluorocarbon gas and Page 7
NF3. Mskericpy BPdrlshrse RREA9duor ocar bon gas is a hydrof | uorocarbon gas. The
main etch gas is formed into a plasma (step 112). In this exanple,

1, 000- 400200 walnfermation3ragsfkpied via cRRNPENGstions mtgyfage ik thaypetittheTfom ¢6i | 310.
A bias of 100-700 volts at 400 kHz is provided b he | gwer.. el ectrode 320.
The. ohaial BrLesslpare, Slsptromagistipy Gl thabigadrals GmpllF af hat fecerved

mai nt aigyedRelRvidfs htérdlceR14.18) a chiinfulicariSX AAR IR cdrl6s Wel£{ ademReh@t ure is
mai ntai ned at 0 C. [0023] The pressure is ranped down (step 120). In this

exanpl empldneenpedasng wire or cabhg Ebetieptivs,fa phond dinetaoeetlutap phonetink; p radior a 16

bi | ayer_ stack, . preferably, at least 4. differen ressures .are provided

aur | ng i oSt oMt Shas ROy h S § vR R Rer ont

Pr essuneR8EL M Qe/dtgﬁﬂlafaarthmhé B RTRGHS PréeeS P4 bht MR&L e REBERLRR ¥, the
ranp down Is a continuous ranp down. In this exanpl e the pressure endpoints
of 40 rframn a natwbrk Oormight owpwe ipfoomatikedto the hétwers indhe byyrsy dfglerformangghdet ween
the endpoints is provided to_provide th t legst 6 djfferent main etch
pressur §V‘?J‘9?§°ﬁbe‘f’ﬁ’€th|°g HsPetofiRTthermares F’(S‘&}ngenfhﬁ’g“ﬂ%ﬂtﬁo E AT Pendippped
(step y ' 29 REbOROG er Uitk shitPasth@flferngfiher @
pl ur al ijlﬁa %Xfetglglgé%g@ogﬁge Iﬁgﬁgggsﬁzﬁlﬁg%agésu?naeé rrrla% etsc %tep t%m olrm etch
f eat ur esnRiA8tiod with hersotepasgebsers thhteshares a pettidn ¢fithw prdesssmgt apered profil e and
etches through twelve of the sixteen bilayers. In this exanple, the main
etch i q003Rd t Theth “hdhAtsabied! JoRPuter kdadable niilhT AYRES gerREARUS Sefbh® MaI N
etch provides a fast etch, even though the resulting profile is tapered.
The naimediz agbrastnimn ntereryyseepndantménonyptemayebletstorages ind sioraggdevitds, of t he

bilayers is because of the | ow.selectivit t et ching the.bil.ayers and
ot chi nguEhEs TRAANRSrgh . G e ot COHAETEPH GBrCRars Repr¥RT.e
Mai N ethénody¥d/shRiY S&!RGhithicd 16BN eE RdRGoP b Blaktkd, BEcH AX@frier Whivedlor S
wafer 212, to be etched. FIG 2B shows that one etch feature is deeper than

t he ot hegnalsArfotamplesrof zemputeo codeancludé mgchihecods suchtas Ipraduced gha edthpiddr, t he
bi | ayers,, i.s so that the uneve tching of the main etch does, not, cause the
ander |y P BimigE igher & Gkepas sl ' HloSed B fnpud! g BRiclretc?

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.

[0022] The features are etched into the silicon based bilayers, using a main etch. In this
example, the features are vias that are etched into the silicon oxide and polysilicon bilayers.
A main etch gas is flowed from the gas source 330 into the plasma processing chamber 304
(step 108). In this example the flow of the main etch gas is 20-100sccm CH,F,, 50-300 sccm

N,, and 1-200 sccm NF;. Preferably, the main etch gas comprises a fluorocarbon gas and
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[0025] I n this exanple, an over etch is used to conplete the etch features.
The over etch flows an over etch gas different fromthe main etch gas into
the plasnma processi ng chanber (step 128). Cenerally, the over etch gas is
nore polynerizing than the main etch gas. This is achieved by providing a

hi gh trati b nent .. | | i he .f | f
he vl Peiinegaecabheine SRrgRas ehvem teebiorbaiis Br o HhRRaR et S com
CHF, apanQrihQPa sk Qi 112) 08261 sThamR!, @000 SBR) Rhty R 18% MpglFxged (step

132). In this exanple, the wafer tenpérature is increased to 20 C. The
chanberporee ssprevided bytherTEP ¢t 21). 186)as of 09108 veltwatl08 kHzie pratvideddry

pressure | s reduce ntorr., The over etc as is,for I nto a plasma
(stop tholower Hlehnds s ehambenges e st A0 o The Sl gppessufRer are
provid aiEﬁéiﬁela%e]T)gDZW kst%:lpl-@.AIrpﬂh?ssex‘ﬁfn 10 Qe D Dkey raire £0Q athtBnddSat

provi de y the lower electrode 320. Thg flow of the over etch gas is

st opped’(Gtep 144). [0027]FIG 2C is a cross-sectional view of the stack,
after the over etch is conpleted. The over etch is used to etch through the

remai nijog23]i - | aye preshiite aaERped Bowh €5t TI0)f Bihiy €&mplE themdssufe ik fiemped
underlying |ayer, which is wafer 212, and to wi den the tapered bottons of
t he et cdpwiefiom 409niprm thdGtmigite dier ad 6 bHayar sipsk grreterablp atleastddiffersat Thi s

id i f ot f f b 0 b
P o 0o Sl AR D bR B B R QoA o PR oo

found t ssu eépen

et chi ngredtites Areproviand auxeﬁg;ﬁh prddBure 2diflp @bwiHl NMSsEpre@irablAHE RnRdsaes 4 0 ranp
up the bias during the etch, which prevents the reduction of etch mask

sel ect i apntipuousramip dayny In thigeexsimple the peesaure sndpaduts ioh 40 nierr @nd A0 njtow 209 FI G 5
's a grparg\l}ldgé. Xth%garr(?r eypc(a)rtt‘;oltich realﬁlpeltr)ett\lwggll thg)éhgpo\{x?trs ?sul)er\e/itd%g tOdSI%EII}EiC%QC a&the
least 6 different main etch pressures during the ramp down. The flow of the main etch gas is

stopped (step 124).

[0024] FIG. 2B is a cross-sectional view of the stack, after a plurality of bilayers are
etched using a single main etch step to form etch features 228. In this example, the main etch
provides a tapered profile and etches through twelve of the sixteen bilayers. In this example,
the main etch is used to etch through almost all of the bilayers, because the main etch
provides a fast etch, even though the resulting profile is tapered. The main reason that the
main etch is not used to etch through all of the bilayers is because of the low selectivity
between etching the bilayers and etching the underlying layer. If all of the bilayers were
etched by the main etch, the low selectivity may cause the underlying layer, which is wafer
212, to be etched. FIG. 2B shows that one etch feature is deeper than the other. Another
reason for not using the main etch to etch all of the bilayers, is so that the uneven etching of

the main etch does not cause the underlying layer, which is wafer 212, to be etched.

[0025] In this example, an over etch is used to complete the etch features. The over etch
flows an over etch gas different from the main etch gas into the plasma processing chamber
(step 128). Generally, the over etch gas is more polymerizing than the main etch gas. This is
achieved by providing a higher concentration of carbon component. In an example recipe, the
flow of the over etch gas comprises 0-100 sccm CH,F,, 1-200 sccm NF3, 0-100 scem CH3F,

and 0-100 sccm CHa.
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hori zontal axis for 40 morr and for 10 ntorr found by experinent. The
result's show the inpact of pressure and aspect ratio on etch rate. At high
pressure and | ow aspect ratio, the hole etch rate is fast. It was found
that at high pressure, as aspect ratio increases, the etch rate slows down,

-eventu eachin The .ex erl f d, t hat at Rressure and | ow
aspect b@lq]o ?H ngeéﬁeni’%er%tflw g«%&tqp ]19’2? tP‘ﬁ@F‘@EQ sﬁ\{e “ ow pressure
etch raLRplarERIRG A8l & R0°id, ’Pﬁ‘acé}ﬁ%ﬂ)e?? §uad Rdowda8 (4eYB36)PeaSer €

i ncreases the mean free path. The invention takes advantage of the faster

hi gh premamp}eethemhambprqnessumls cedatahtorameranthe oner ttebiges islfomngskistosair e hi gh
aspect ratio etcg y usjin th im es aspect tio
dependdtism @l 29%2‘“ tt"é@é@]‘ﬂ*ﬁeppﬂﬁé%g@ @Q%éggﬁk EOWELAH é’r%‘”ged

cont i nyguyge ;l‘@@% 1910, %U&Qs 851 00-TONRALs af a@@kﬂﬁ 1sni?r)5wla@d g0aR 1bRePelddtRRcW Se
manner. "Pre erab y, the ranping occurs over nost of the main etching

per i od.3280Thefawplf ¢he avier etak lgaeisswpped(stdp 14dy.ers are et ched, the ranping
preferably occurs during the etching of at |east six sets of bil ayers. |If

the ranpofy i SFRE.EITC WaSRossPeBiciabbiey JMBE Qack, @ftatthé 89& tetdhak bodpletadny st eps
in the ranp as there are sets of bilayers. For exanple, if twelve sets of

bi | ayerHleal‘Vér etek iratped theteh ﬁtr(“ll@db? r@wnmgfofé%ﬁtto ﬁf”@§}§€ﬁr tas etchdeginissiteed

0ur 09 0t AT SO0 PSSR O L APt 06D BRI BASRUREL AR ot

speed. {Eh@relWaERDUF @1déamgbﬁe fopBELthe éRMYehtlredS Thg\@r@.ﬁdes m@ferunntoﬁﬁ%adw t houg h
the etch features may be trenches or vias, since the invention provides

hi gh asfeatute framitep wthoitiomny, preferably the etch features are vias.
Preferably, the vias have a width no greater than 80 nm More preferably,

t he vi g9028jve & hak dedn folind dianeenpi@gdéon 8@ pressufcweducen aspepirrefie degehngentt he
vias have a wi dth of between 45 tgo 60 nm Via depths are pre;le{)ably greater

than 1.<4chngMneh Proverteeighsipp: Hd AsHRRIES ?rafFfl‘éFeéPHF todepPpdhe PredWLE ¢ o
the wdgh @L gﬂ*;h }stegyggeﬁl k ﬁ&%gtof%&hg{% MRER A %g@ Iy, ldpiasRect ratio

is at |'eas ough the above exa St xteen pairs of
bi | ayer&nst@hﬁ'tﬁrnngﬂhmdblﬁrents of the invention nmay have nore than sixteen
pairs of bilayer, such as thirty-two or sixty-four pairs of bilayers.

E g033] Fifoﬁiﬂf ablryG. § k& NRIIEST LHQTREY GH the S efithl H8s TsusBUpHEsh ihe no nore
horlzontal axis for 40 mtorr and for 10 mtorr found by experiment. The results show the
impact of pressure and aspect ratio on etch rate. At high pressure and low aspect ratio, the
hole etch rate is fast. It was found that at high pressure, as aspect ratio increases, the etch rate
slows down, eventually reaching zero. The experiment found that at low pressure and low
aspect ratio, the etch is slow. As aspect ratio increases, the low pressure etch rate increases
before it becomes saturated. The lower pressure increases the mean free path. The invention
takes advantage of the faster high pressure low aspect ratio etch rate and the faster low

pressure high aspect ratio etch rate, by using a ramping that eliminates aspect ratio dependent

etch rates.

[0030] The ramp down of the pressure may be a continuous function, such as a linear
ramp or may be done in a step wise manner. Preferébly, the ramping occurs over most of the
main etching period. For example, if twelve sets of bilayers are etched, the ramping
preferably occurs during the etching of at least six sets of bilayers. If the ramping is step

wise, preferably there are at least half as many steps in the ramp as there are sets of bilayers.
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More preferably, the wafer tenperature during the main etch is no nore than
10 C. TO034]NF3 is able to etch both polysilicon and silicon oxide. The

fl uorocarbon, which preferably is CH2F2 forns a pol yner, which by itself
woul d cause etch stop. Good control of etch versus deposition is provided

b dj ysti t.he .NF3/ CH2F2 tig. The CH2F2 | d i de CF2,
whi oh FF GLRPIE o DYt S0 SRR Afecichet. 158 “Lisen SPoliTa PhEESHROSl ng
waf er ;p‘?m@éda&dff&% R i g@éﬁ@g{ﬁg@%b ?’Pefg}aﬁl th'g'?ﬁzfn BlcR pResalk ¥ahtQ aPr € than 10

C, causes nore 2tore mon the silicon oxide by increasing the
sti cki mpgessurebkivadea 30, to W inctbrrp@hich prpadess high siittdi iervhirtgspesd. | Thegpressuiede, t hus
i ncreasing the e(a‘ h rate of the silicon oxide. In addition, the etch

sel ect ir@qy%ﬁrpglpp g?%’éé‘é%ﬁlo‘i’l‘?é % rate of the polysilicon is decreased due

to the formation of the same polyner on the surface, but the etch rate
remai nd00314h eAbheoteht the pich deatings By e tignehwhmr vias sitics thipingentipngrrayides y t he

flowrate of F2 is between, 10 s nd 100.sc Preferably, t flow
rate Oﬁllﬁn:%SPFg;'%é% %@Hgﬁe s%a?) }ﬁ %ﬁ(i&ggle%?zrg?nareﬁ’rlae g?%%f{ﬁ"t eew?%/%%/‘(/@%ati o of
NF3/ CHZidthi fo Seirée@an 80 Aml MéiedrefeRBBH Y ALK a)vidthsf Hebdgendortb 180 ninhe mai n

etch is provided at a frequency between 100 kHz and 1 MHz. Mre preferably,
t he bi &venqre praferablyathe aiashavgiewidthloébeoean 306 kipm: yigdepthpre Most

pr ef er abl he hi i S provide t frequency.. of . abqut . 4 KHz.

b of o dbriytablyEeat e L BhBnee PPy eb S BRSO Br 8oy S0l T o dte rhe
| ower fyiaBusmey via ?s'satWéa@Ni(ﬁﬁsMUrQP@fqrﬁc}]ﬁrtﬁé/aéﬂé&&atimﬁ%a@ﬁ%:heen found to
inprove the main etch process by limting the reduction of the CD at the

bott om he ' - i : [

pr ovi 03"y @8ust Beb BRI R AIRATAIE O bILRE, HBFcaORkhNES?  he
vol t agehé Bivkefdn ey Bivaithoreshanhsx tpewdirsdd dileys.esuich bf thidetwo assictyraouol i s
provided in the power node, as the pressure ranps down the bias voltage
woul d dralp efBidayetthi ch woul d | ower the etch rate. [0036]Preferably, the main
etch, in a single etch, etches between half and all of the bilayers. Mre
pref er d8033] t hBraferablyethe twaférneraperaturg durgdhe meincdidsiswtmensihdrn 3)%’ Gei ght hs

St o Mprerpretgrbie eafels PpeiF Hu b Ger it Rsns Paeretamie By er ot ch, 1n-

a singl 80??4\ier Ie\ItF(; ri]s’ ab?é t%heetSh lt)oht}el pE)leyrsrillaiichil ngd g{iclzo%ygxric?é. The fluorocarbon, which
preferably is CH,F, forms a polymer, which by itself would cause etch stop. Good control of
etch versus deposition is provided by adjusting the NF3/CH,F, gas ratio. The CH,F; is used
to provide CF,, which is used to etch silicon oxide. It has been found that providing a wafer
temperature of no more than 20° C and more preferably no more than 10° C, causes more CF»
to reach and form on the silicon oxide by increasing the sticking coefficient, which
participates in etching the silicon oxide, thus increasing the etch rate of the silicon oxide. In
addition, the etch selectivity is increased. The etch rate of the polysilicon is decreased due to
the formation of the same polymer on the surface, but the etch rate remains high enough to
maintain etching down the via hole. Preferably the flow rate of CH,F; is between 10 sccm
and 100 sccm. Preferably the flow rate of NF3 is between 20 sccm and 80 scem. Preferably,
the flow ratio of NF3/CH,F; is between 1:1 to 1:2.

[0035] Preferably, the bias during the main etch is provided at a frequency between 100
kHz and 1 MHz. More preferably, the bias is provided at a frequency between 300 kHz to
500 kHz. Most preferably, the bias is provided at a frequency of about 400 kHz. Preferably
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[ 0037] The over etch further |owers the pressure to inprove etching at the
bottoms of the etch features. The | ower pressure increases the nean free
path, which allows nore etchant to travel to the bottons of the features.

If the bottomof the pressure ranp during etching is | ow enough, then in an
enbodi neni. of the invention, th ressure .is intained at the. l ower

o1 essurtBs biggts higt enpeneyS Valinse dORBEIE i et Restisoer biat piovidis e,

Pr esSurdeah §on GRS HaQ bBYOlotind REINHRBASHE bt Bikh bRR:FUENIRRINETRE re@lictidaP Of

t he naé%?&%h@g% mouﬂ%’c osg ?%e 3&2 and create tcﬁ stob. FgOBBTﬂncthe
exanpl eftiecCPent flerbattom efithe vias.ch tht peefFQ) Dri3fdimers, thatbias dostrakie gravadedont r ol
etch versus depositiqn and sk selectivity, In addjtiaon, CH4 gas is an
addi t1 JRaPTpaeTodas Tt as fischreses ammPesipyiha eltssdr kenlcanstan) 2 ko
anmount | L. | St i RE4d Qs BRY, aL The
G/ o e RSk Ot i EPRIR) HRoutied il PG RBAC B R ERMEAND: o r
CH x | idosvrpdak pime voltagewomed dedCedsekehich mpaid lomehtheattehnmate, whi ch usual ly has a
hi gher etch resistance. Preferably, the flow ratio of NF3/CH3F is between
3:1 - Yodze)l 00PLHrEMblyNGetukten E0¢R)in@lsible btth,i cichek BéteERHallf Bad all bEtheaf er
tenperature is at least 20 C. The higher tenperature decreases deposition
of pol yhilayeras Mdye preferablin the maireeteh,dh afsinglastels, etchegbeivgepfine pighths apdof i | e

and etch stap. . W t .bein und heory,. the over. et ch.chenistry, is
bl et oo Bpns BTt 5vg, MOHeian 3B Yot E et ARG i
chem stpeifSurtlorigesiidyers. ahe Bkttt @ §kinbAVePdLR QtdRs itaem@initdrat CH2F2
is used to etch silicon oxide during the main etch. Instead, the over etch
rel i es hilayerson fluorine for etching. The polymer additive used in the over
etch, instead is mainly to forma protective polyner |ayer to protect the
mask. Beo3mse dUebng didtefuaherlo®eithe pReesuds ficiatproad dtchihg atthgbottétheoPihey mer
does not reach the bottom of the etch features. So _nmore polynmer protection
i s proviteeteamires; Hdedopwergiressyes ipererses termsaddreerpah, athiehdloysrbgimedantig et ch
featur | oW f i dened
w t hour DSOS B B AR e BBl e bR iyl e oY Coe
woul d usRubloWedEn iBQh\erbodhéid of tiRThedntibehabrelsigh Brm fihesifedrae the lower

[ 0040] Preferably, the bias during the over etch is provided at a frequency
bet weerPresgrek bt not durtherrampadsioanfusing thpever ciche Thie W erpressug adpochelis tg
frequengy. bet ween. 300 kHz , I I j - ovi ded
at a1 e TR EREASS S ST B R P RRE LY ot BIoNeRe YR 4B 50,
volts tgem@licH@ldps. This voltage range is preferred to maintain etching
whi | e avoi ding too nmuch sputtering of the mask

[0038] In the example recipe for the over etch, the NF3/CH;F gas ratio is used to control

etch versus deposition and mask selectivity. In addition, CHs4 gas is an additional passivant to
protect the mask and reduce mask faceting. The amount of deposition is controlled by the
fluorine to carbon ratio. The CH3F/CHj, ratio acts as a knob for controlling deposition quality
from CF,, CH like polymer to more C-C like carbon rich polymer, which usually has a
higher etch resistance. Preferably, the flow ratio of NF3/CH;F is between 3:1 — 1:3.

[0039] During the over etch, it is preferred that the wafer temperature is at least 20° C.
The higher temperature decreases deposition of polymer at the bottom of the etch features to
avoid pinch off profile and etch stop. Without being bound by theory, the over etch chemistry
is able to be more polymerizing, since the polymer additive in the over etch chemistry is not
used for etching the silicon oxide in the way that CH,F; is used to etch silicon oxide during

the main etch. Instead, the over etch relies more on fluorine for etching. The polymer
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[0041] During both the main etch and over etch, preferably, the TCP coil 310
proovi des an RF power of between 1000 watts to 2,500 watts. Mre preferably,
the TCP coil 310 provides an RF power between 1500 watts to 2000 watts.

| ncreasi ng TCP power hel ps increase the etch rate until saturation is

reached., In this exanple, saturation was found at 2000 watts TCP. ]t has
Al 5o badtg e HAE OTarElohn IR trmaRlie PR £ PEtERE |p81¥r'1rf@tl%vsf HegRtethe

si | iconyoxlde Bétquwdtﬁﬁl;ggﬂh{gv&gg&}??{h% abfect Aol hidkerhe oiéﬂ?ei;[r hpysermt h&@hSi ngl e

step process main etc Yy an over etch'to etc east sixteen
bi | ayerthe batsona df theteadiefeatoresr Sa npre pelymet patteqpionvs presidad at thasep of the eeh

I t tch at | t si il wh h I '
o it it dhedramcetihe gith datars AEVEIE e ol $E Mol RV IR PF he
i nvent i i . i | i j - ast
i gt ol g wadletRithBhe idcindhetop P AR ool KGR, PrbAE SV BSH SoadSLEl

enbodi nenild usd lotee polgiteriting dhernistiis ashighar pragsuscur bet ween the main etch
step and the over etch step. For exanple, one or nore additional etch steps

ey ocqgoqdiet WeRTerhbS, e ibihsufifg Bleai eRBidh IeotMed aes fbghEPbetRde100
addi tional etch stepS may be transition steps between the nmain etch step

and ovédiHzamshl M. Mexeaieferabhys ithe tiasis psevaged atayfresoatdyrhetwerar3dOtkdlztet i cs of

t he nai h step d.th ver. etch. step.. [0043]l.n,_a e i ment  of
the | viiciitn Modrdiply e His Bl sebrmier 5t R 300 Ryt PRy

si | i conpBbiak icieept BMGicen 500 AIIRAD SO0RORL. MERIE vbRBslthh A6 brof@YediO HidiAte R One or
nore additional |ayers, so that the bilayers nmay have three or four |ayers.
[ 0044] WheHing whils avaidiagttocomuplasputiesng déthemidskd in ternms of several preferred
enbodi ments, there are alterations, pernutations, and various substitute
equi val |04y, Wmueighbath theidaiti &ch Bed 5@ Rechppretdratsly i thy EQPI00il.3 10tpreHiddsiaet al so
be noted that there are many alternative ways of inplenenti n% t he net hods
and appRF aewewef bsiwemd 08P aatinto 2.A0@ wafty nMorg preteratiy the 8 oH3dAPER} €45at t he

per mut P R ESR ATy o R Rl PRl B I BB TR PR hpF R BE T L™
spirit aefrasC@n? saliratibs iPreggRal In thi€santPle, saturation was found at 2000 watts TCP.
It has also been found that the invention shows little scalloping between the silicon oxide and
polysilicon layers in the bilayers. The inventive single step process main etch followed by an
over etch to etch at least sixteen bilayers has advantages over a process that provides at least
sixteen cycles to etch at least sixteen bilayers where each cycle comprises polysilicon etch

step and an oxide etch step. One advantage is that the inventive single step for etching at

least sixteen bilayers has a faster throughput, has better tunability, and top profile control.

[0042] In other embodiments of the invention, other steps may occur between the main
etch step and the over etch step. For example, one or more additional etch steps may occur
between the main etch step and the over etch step. Such additional etch steps may be

transition steps between the main etch step and over etch step. Such transitional steps may

combine characteristics of the main etch step and the over etch step.

[0043] In another embodiment of the invention, each bilayer may comprise a silicon
oxide layer and a silicon nitride layer. In other embodiment the bilayer may comprise one or

more additional layers, so that the bilayers may have three or four layers.
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CLAIMS What is clainmed is: 1. A method for etching features in a plurality
of- siltcon based bilayers formng a stack on a wafer in a plasma processing
chanber, conprising: 5flowing a main etch gas into the plasma processing
chanber; formng the main etch gas into a pI asma, while providing a first
pressure; I ng.ai.ni a wafe r at ess tha rarrpl ng
the pr ég‘% gﬁéﬁéglgé‘h"cfnﬂ?‘éé SEES IS%%I%F‘EHNCFH%O%GP’ grLaPBrregeﬁeﬂr e as th

pl asrma eﬁ{b%hﬁgelﬁb HRLE Qreaaue}a%aé lptexxfnaauédaemfd Wb bobstfutd dlméhtmaﬁ&l

bi | ayers; 10st opping the flow of the main etch gas after a first

pl ur al ifaly withirt the sq:dpsroélthls ynvehtidyi. | laylendd also bt abied that therd ire maniytadtdrnative
recited in claiml1, wherein the nain etchog%ahs conprjses. a

ways of implementing the methods and apparatuses e present invention. It is therefore
intended that the following appended claims be interpreted as including all such alterations,
permutations, and various substitute equivalents as fall within the true spirit and scope of the

present invention.
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fluorocarbon and NF3. 15 3. The method, as recited in claim2, wherein the
mai ntat ning the wafer tenperature maintains a wafer tenperature of |ess

than 10 C. 4. The method, as recited in claim3, wherein the first
pressure is between 30 nmorr to 60 20 ntorr. 5. The nethod, as recited in
claim4, wherein the fluorocarbon is a hydrofl uorocarbon. 6. The net hod,

as recited in claim5, wherein the €¢DAIMSBg the main etch gas into a 25

pl asma conprises providing an inductively coupled power to a upper power
source\g#aqed on a first side of the wafer and providing a bias power to a
bot t om¥h&lds Flgdeedds’ a second side of the wafer opposite the first side of
the wafer wherein the bias power has a frequency between 100 kHz and 1 MHz.
7. The lret hodmetiwdrferéteking ifeatureninmg Wuralineelsilkicoadepedshilayes fomasgd stick ay er

conprises a olysilicon | r i ] i .
aly ona wafgp m ay ;?lasmaC grocesas egch%?lger?cgrln{)ﬁsqgg: oxi de | ayer

5 flowing a main etch gas into the plasma processing chamber;
forming the main etch gas into a plasma, while providing a first pressure;
maintaining a wafer temperature of less than 20° C;

ramping the pressure to a second pressure less than the first pressure as the plasma

etches through a plurality of the plurality of silicon based bilayers; and

10 stopping the flow of the main etch gas after a first plurality of the plurality of bilayers
is etched.
2. The method, as recited in claim 1, wherein the main etch gas comprises a

fluorocarbon and NF;.

15
3. The method, as recited in claim 2, wherein the maintaining the wafer temperature
maintains a wafer temperature of less than 10° C.
4, The method, as recited in claim 3, wherein the first pressure is between 30 mtorr to 60
20  mtorr.
5. The method, as recited in claim 4, wherein the fluorocarbon is a hydrofluorocarbon.
6. The method, as recited in claim 5, wherein the forming the main etch gas into a

25  plasma comprises providing an inductively coupled power to a upper power source placed on

a first side of the wafer and providing a bias power to a bottom electrode on a second side of
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8. The method, as recited in claim7 where there are at |east 16 bil ayers
and wherein the first plurality is at |least 12 bilayers, and wherein the
ranpi ng provides at |east six different pressures over which the 12

bil ayers are etched. 10 9. The nethod, as recited in claim8, wherein the
etch features are.vi,as. wt aspect .rati f. at |east 20:1. Q. The

et hod YRR ePRie 1 Lt & I HAT apteBih fhe s o sk ha Foinpy et

st oppi n@otle hafil mpzof the nmain etch gas for etching remaining unetched

bi |l ayers, wherein the over etch conprises: fl ow ng an over etch gas
which is nore polynerizing than the main etch gas and conprising NF3 into
the pl asna processi ng chanber; formng the over etch gas into a
pl asma

.. and 20st gpping the,fl qw of the .over, ef.ch .gas,...11. The.nethod, as
Featted-n ARG SFRTIEd i OHE SVErTe SR P ETer o EORAES S T Basi ng ¢ he
vaf 6r tRIRABH YR AXPMiliBeh SBHAIGECH. 2512. The nethod, as recited in claim
11, wheérein the over etch further conprises |owering

8. The method, as recited in claim 7 where there are at least 16 bilayers and wherein the
first plurality is at least 12 bilayers, and wherein the ramping provides at least six different

pressures over which the 12 bilayers are etched.
10

9. The method, as recited in claim 8, wherein the etch features are vias with an aspect

ratio of at least 20:1.

10.  The method, as recited in claim 9, further comprising an over etch after stopping the
15  flow of the main etch gas for etching remaining unetched bilayers, wherein the over etch

comprises:

flowing an over etch gas which is more polymerizing than the main etch gas and

comprising NF; into the plasma processing chamber;
forming the over etch gas into a plasma; and

20 stopping the flow of the over etch gas.

11.  The method, as recited in claim 10, wherein the over etch further comprises increasing

the wafer temperature from the main etch.

25 12.  The method, as recited in claim 11, wherein the over etch further comprises lowering

the pressure from the main etch;
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the pressure fromthe main etch; 13. The nmethod, as recited in claima1,
wherei'n the maintaining the wafer tenperature maintains a wafer tenperature
of less than 10 C. 14. The nethod, as recited in claiml, wherein the
first pressure I s between 30 ntorr to 60 Smtorr. 15. The met hod, as

recite wher e rocarbon | uor acar bon.  16.
The metioq, e et datscedinelaim | VhEFBIRS BasSrai e SRR G ch gas
into aﬂ&nﬁir@%@aﬁ%ﬂbbﬁﬁeﬁf&wﬂihﬁ'%% i nductively coupl ed power to a
upper power source placed on a first side of the wafer and providing a bias
power to a bottom el ectrode on a second side of the wafer opposite the
first side of the wafer wherein the bias power has a frequency between 100

based th ay criecBpi SaE ol S bR A PR e eeR g "

5 mtorr.
15. The method, as recited in claim 1, wherein the fluorocarbon is a hydrofluorocarbon.
16. The method, as recited in claim 1, wherein the forming the main etch gas into a

10  plasma comprises providing an inductively coupled power to a upper power source placed on
a first side of the wafer and providing a bias power to a bottom electrode on a second side of
the wafer opposite the first side of the wafer wherein the bias power has a frequency between

100 kHz and 1 MHz.

15 17.  The method, as recited in claim 1, wherein each silicon based bilayer comprises a

polysilicon layer and a silicon oxide layer.

18. The method, as recited in claim 1 where there are at least 16 bilayers and wherein the
first plurality is at least 12 bilayers, and wherein the ramping provides at least six different

20  pressures over which the 12 bilayers are etched.

19. A method for etching features in a plurality of silicon based bilayers forming a stack

on a wafer in a plasma processing chamber, comprising:

flowing an main etch gas comprising a fluorocarbon and NF; into the plasma

25  processing chamber;

forming the main etch gas into a plasma, while providing a first pressure between 30

mtorr to 60 mtorr;
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18. The method, as recited in claim1 where there are at |east 16 bil ayers
and wherein the first plurality is at |least 12 bilayers, and wherein the
ranpi ng provides at |east six different 20pressures over which the 12

bil ayers are etched. 19. A nethod for etching features in a plurality of

Silicon based .bilayers ornin a stack on a,wafer in a plasm processing
chanber, coﬂﬁq‘lWﬁ%a“@ er temperaturerqt 4g5s in etch gas conprising a

f1 uor ocar bon and NF3 into the plasma 25 prOCGSSIf% chanb form ng
the main et AmpRg theprgssHrgloassegondpressursiesshen Hg Ster?%st“eﬁﬁéléf'sE}?%n%et ween

30 ntor Ecihi%gth?gue%'ﬂ ?j};l[lfag j‘i‘?ﬂtﬂé ?iu?%]ﬂgof‘slﬂ@gneg E@gﬁf}%gs%g{lﬁe Fi less than 10 G

rarrpl ng e pr ressure ess rst pressure as

bi 1 ayer o antprpne the FONSEee Bt o e o i Blak el e iy By 2

first plucpddty of the plurality of bilayers 5is etched
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