I N-SI TU PHOTORESI ST STRI P DURI NG PLASMA ETCHI NG OF ACTI VE HARD NMASK
BACKGROUND OF THE | NVENTI ON [0001] The present invention relates to etching
a silicon layer through a hard 5mask during the production of a

sem conductor device. Mire specifically, the present invention relates to
in-situ stripping of the photoresist after opening the hard mask.

[ 0002] Duri ng sem conduct or wafer processing, features of the sem conductor
devi ce may be defined jconduct or device
features may be transfmgémkg(?ﬁgnggﬁsmgmgﬁ%wr esi st and by
pl asma et chi ng of 10tHA RN BEGHING (@QF Ard 1 Y ansferred into
t he hard nmask, the remai ning photoresist on the hard nmask nmay be renoved.

[ 0003] Tradi tional |y, separ at eBagkiRuuentOr TardNusghN o open the hard mask and

remove the p esist,. After the opening of .the hard mask fers are

r enoved fron&ﬁ%ﬁﬁplasn%ﬁ?%&%?ﬁpwﬁﬂﬂgﬁﬁﬁﬁgﬂe?WP%a5ﬂ§3§§$%®3@§§%HWﬁ§equipnent
for stripp Ngndsk@urinkhé pidadlion af Phratienasdteidevictl Mbicsspeasel]lyanoplasint
expensive equi pment is needed solely for the strip in% q% tgg %gotoresist,
whi ch requi r d8VeAtRA ot 41 Inrsyp sy ieaine Shths phtaresiild WatRer N M IEEE T t i e
Rermovi ng t he [p@hers fromitdhemioadir GhaTBRIcIRY, CAUSE of\AE edrSicdRuEofe in
contact with the environnent, which may [ead to nmpdification of the etched

surfaces and E8Es®aY Febhisrsbenpatirare pud gpkc EACERGPT Y IpEFoicahite
stripping progse wadPSYREYh ek NVENDhE®kes 04} Pais@g BiceMe of he
foregoing and in accordance with the purpose of the present invention a

net hod fdP etheiapmpskatdcede feptessite rakrricdnde the SasdrpasldBemRINEE d mask
layer is formed,QVElontthensd hh90Ray BYi€hovdd, Phot oresi st layer is formed over
the hard mask |ayer. The hard mask | ayer is opened. The photoresist |ayer
is stripped B0035pr ovitirdigonelistsebppt agrigasnts Forifligoenghalshmaii #dt he
stripping ga?en%(/eQl{e%\ﬁbg¥£gt.a/xﬁér% J#;eﬁgg\gp@% nih nE@Wafﬁ*@gre%th\Wdfffoﬁﬂuency RF
power, wherein the I'ow frequency RF poWwer has a power |ess than 50 watts;
and st oppi ng thetpdassiaréaopi my! Jasd whe n sepheate phiog onwshnett foragapingshst ri pped.

[ 0005] I n,anot. r.ygal I ent the | tJ an. : ' features
500 n & SiTi oShigERRrulER it e SRHEELL R et bR BT Y ¢ he

si li con | ayethe sfipping of the photoresist, which requires additional fabrication space and wafer

processing time. Removing the wafers from the plasma chamber may cause wafers to
come in contact with the environment, which may lead to modification of the etched
surfaces and cause inconsistent wafer surface conditions before the stripping process.

20 SUMMARY OF THE INVENTION

[0004] To achieve the foregoing and in accordance with the purpose of the
present invention a method for etching features in a silicon layer is provided. A hard
mask layer is formed over the silicon layer. A photoresist layer is formed over the
hard mask layer. The hard mask layer is opened. The photoresist layer is stripped by
25 providing a stripping gas; forming a plasma with the stripping gas by providing a high
frequency RF power and a low frequency RF power, wherein the low frequency RF
power has a power less than 50 watts; and stopping the stripping gas when the
photoresist layer is stripped.
[0005] In another embodiment of the invention, a method for etching features
30  inasilicon layer is provided. A hard mask layer is formed over the silicon layer. A
bottom anti-reflection coating layer is formed over the hard mask layer. A photoresist
layer is formed over the bottom anti-reflection coating layer. The bottom anti-

reflection coating layer is opened. The hard mask layer is opened. The bottom anti-
1



bottomanti-reflection coating |layer is fornmed over the hard mask | ayer. A
phot oresi st layer is fornmed over the bottomanti-reflection coating |ayer.
The bottom anti-reflection coating |layer is opened. The hard nask |ayer is
opened. The bottomanti- reflection coating |ayer and the photoresi st

| ayer are stripped by providing a stripping gas; formng a plasma with the
stripping gas by providing a high frequency RF power and a | ow frequency RF

power, wher ei IQ%echa@n LW fa?&llb‘ﬁ@@ﬁé ﬂﬁgto%ié@lra daR @ifPeNBY plodRifgtah@ippal watt s;
and stopping the stripplng gas when the otoreS|st ayer is stripped.

5[ 0006] | nyetgasottiag a platrolivive Hie sofopingead lmémlﬁ@aahsah EpparatdiPorst et ching
f eatures I n %nﬁl llé 86 lleﬂééﬁ%li W&r\ﬁfl@elﬁﬂﬁ l§\’v Iﬂe@% }LRIP'EBW&%ang@&elqesE'ar d I'TB.Sk
q ef er, | . The

| ayer, which in turn ot or esi st provi ded
appar at us conun ¥esat@; @Mawmmnpﬂm@&g@u@gaswanb®¢phww@%31®@U%@@mPahd a

PO o o5 o RBHL oo LR TRuRE RERRSNOR of IRTRER.AONPLLSGR, Ruchamher vl

formng a >10 pro g ch er “Briclosure strate support for
supporting a feanlnsd hatsdicon tayem whhemphea:s]mn pnyacs&sdqmg haltdambé Hayencthodur e; a

pressure regul ator f ul ating the S ashp processing
chamber encl d8 YR U4 m@éﬁ%?”ﬁﬁ%”%?é&P(g 8. tﬁe%?%gﬁﬁf% ESWeP B t he pl asma
processi ng chadbgingenehes gsforcsusd atdiuotera pl asma; at | east one RF power
source electrbcally connected to the g@wheast one e qﬁ ﬁ' ad%fs _
15inl et for pPPBY di ng GHPHFHEPIRE I QMR SPULBES P A P88 bsure; and
a gas outipet pfQmaexhalskicRgnigasndiésans; i hespitasimpon f@cageithg achbsrher

encl osure. [0008] The gas source is in fluid connectio as inlet

of the pIasnd”ﬁﬁd@%E@Pﬂ@méﬁaﬁﬂéﬂwngﬁﬂmEBﬁﬁF1%@%“HWIB%"Pﬁ&lﬁggt urce; and

a stripping G rSQHE @fthe %Q@QQL%G&M&%@ Bhdntel &fcldsBreCmdakalnk alektyodz@anect ed t o
t he gas source and the at 20l east one RF power source of the plasma

processi ng cW&WB@%JQﬁﬁﬁ%%ﬁﬁFN§%§OQF“P%QEPﬂﬁh%mB?HEé§§8¥““§ﬁdP@Bﬁﬁuter

readabl e nmedi g, WHiLRE FAMRLSESI6QANRUY bndceddabtheatodeod-lecep@nh i@ t he hard
mask | ayer; and conputer readable code for strbgpln t he photoresist |ayer,

whi ch cortpri #8¢ feranpudise scaidab @m«f@uéocfewnaﬁf@ ﬁl%@lC’%‘I%ﬁrﬂflﬁﬁPh@J”@hs
conput er rea%%hﬁauﬁf@% ag Abmf tf?é &Qsﬁ§§@1aﬂ4b@ﬂ:ﬂcﬂ@m§t ripping gas by
r

providing 25 a equency r and w frequency RF power,
wherein the FHWBIrequéﬁ@ﬁaﬂﬁmn@memfha%ﬂ@H§@WéNﬂ®é@%§¥Hﬁﬁféémw&¥ﬂ§ and

computer T eagaple mgﬁgag&%ffﬂm& 1001 H2nBELLPRLAG: SA% hBMelAe Rhal or esi st

| ayer is strippe ese atures of the present invention
will be descfGbgd in The comprler d@baldllablelcowephdtm@e detsaiicedndids el i pti on of

Lhe invenyi on,ande kP gon m@%%'fg@iwi o%&%mg%in% 0fla L3 AES o 108! EF

DESCRI PT rese I nvent i on | ustrated by
way of exanpbme; prasedsonaind bymmayr readable medla which comprises computer readable

code for opening the hard mask layer; and computer readable code for stripping the
photoresist layer, which comprises computer readable code for providing a Strippin g
gas; computer readable code for forming a plasma with the stripping gas by providing
25  ahigh frequency RF power and a low frequency RF power, wherein the low
frequency RF power has a power less than 50 watts; and computer readable code for
stopping the stripping gas when the photoresist layer is stripped.
[0010] 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

30  the following figures.



of limtation, in the figures of the acconpanying drawi ngs and in which

| i ke reference nunerals refer to simlar elenents and in which: 5[0012] FI G
1 is a high level flow chart of an enbodi nent of the invention. [0013]FI G

2 is a schematic view of a plasma processing chanber that nay be used for
etching. [0014]FIGS. 3A-B illustrate a conputer system which is suitable
for inplenmenting a controller used in enbodi nents of the present invention.
10[ 0015] FI GS. 4A-H are schemgidrhbEnso9br dus baskmRsocessed according to an
enbodi nent of the invention” DETATLED DESCRI PITON OF THE PREFERRED

EVBODI MENTS  [f0I316] TheTher mesentinyantiemisiilbstroled by wamolreagals candaetby wadet ai |
with referenc f din the
acconpanyi ng Pg@fﬁné§M$gﬁ§%§&#ﬁ%”§g?ﬁghyﬁgh§®@§§aﬁ?lSﬁﬁd%wﬁgg%%%&gpe0|flc
details are smnwmbnﬁhlmmnmmmeknmmspmbmndeda t hor ough understandlng of the
present inve 1 ver d |n the art,
that the gr ei dl?j]l nven 0nIS aehla]gfegveﬁ)l?%c‘ﬁﬁhm?m? ffr%bOd&e%gf tﬁg nve “"of these
speci fic det §018] In dﬂmezuunshamneymwmﬂdpmknmwmxpm0@a$&nB@QMBnm@d/or
structures have naot been described in detail in order to not unnecessarily
obscure the FB%%& M¥vention. [0017] To facilitate understanding, FIG 1
is a high | ey@idf | ow chast 308 i@uphecessputedysicmh, anichnbadubiend: of the

i nvention. A h rd mask | a A forq; over silican | ayer (step 100). The
silicon | ayef™ “B@gﬁﬁPV§1k‘W€6ﬁle ERSRY TR RPPPIBH™ S ch as a silicon
waf er, anor phepus) si | i GOGS. M-ERRY sDbRetic HMWRES aQfack ipldceRed acthigingitb hgon | ayer
25i s generally a pure silicon, which may have a dopant. [0018] A bottom
antl-refIectF@hmE@QFOﬁﬁwC¥#¥W9nI ayer is forned over the hard nask | ayer
(step 110). The bott om@ntebDeettieabk @am@akmg@moumm@tl onal . In

anot her enbodi nent, the bottomanti-reflection coatin may not be
used. A phot B104€)i st IéﬁéP“$§“ﬁb@ﬁ%@*ﬁyéP“@ﬁékﬁﬁPFBWﬁﬁgﬂ ¥@F@éﬁﬁ?@n coating

layer (step 120Q)preR0IhenRR0haliedbobs dsaNRiraC@NSihs h&oRbad Rl dhieSgs Wi ch Wi I

eventual |y be etched into the silicon |ayer,
1 the following description, numerous specific details are set forth in order to provide a

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

20 invention.
[0017] To facilitate understanding, FIG. 1 is a high level flow chart of a
process used in an embodiment of the invention. A hard mask layer is formed over a
silicon layer (step 100). The silicon layer may be polysilicon, crystalline silicon, such
as a silicon wafer, amorphous silicon, or any other types of silicon. The silicon layer

25  is generally a pure silicon, which may have a dopant.
[0018] A bottom anti-reflection coating (BARC) layer is formed over the hard
mask layer (step 110). The bottom anti-reflection coating layer is optional. In
another embodiment, the bottom anti-reflection coating layer may not be used. A
photoresist layer is formed over the bottom anti-reflection coating layer (step 120).

30  The photoresist layer consists of features, which will eventually be etched into the
silicon layer.
[0019] The stack that includes the silicon layer, the hard mask layer, the
bottom anti-reflection coating layer, and the photoresist layer is placed in a processing
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[ 0019] The stack that includes the silicon |ayer, the hard nmask | ayer, the
bottom anti-reflection coating | ayer, and the photoresist |ayer is placed
in a processing chanber (step 130). The bottom anti-reflection coating

| ayer is opened using an opening gas (step 140). This process invol ves

pl asma etching the bottomanti-reflection coating |layer to transfer the
features defined in the photoresist layer into the bottomanti-reflection

coating | ayerchahb&@ (ftaf BoTRSke bAWET antiSefldash QRENEMY#SI di@n@MusRRPANI Ng gas
(step 150). This process involves plasma etching the hard mask | ayer to
transfer the &y ewsERlthedhisprachs iprbropagnseiching/de botpaithe hard mask

| ayer. [0020]1-1-1’?&:ti6§9&itiﬂ%%9eﬂ %x%,rfé?%ﬂezf&etbslt%ggéfilr%% tpf)hﬁo(?&kﬁﬁtlziy'ef Bfd getion

coating layer are renoved or strippe ‘ one enbodi nent, a | ow
bi as power priotessniirailecin apatitgnyash&hd g naskslayes édhanoopsead ysinglie r emai ni ng

phot or esi st : , aticrefl ecti ' . ] [.ately or

shortly a?te3@%H§?%%gﬁh%g§§fT@%Eﬁﬁ§§éhﬁggiﬁg%ﬁ§9§¥@¥§%ﬁﬁg ggghgéﬁhconprise

02, N2, or Fl@2pstartbe fratprdyalvigned i dle pgemreaiddnyer one the 0@2TjaFhéyepeni ng of the

bottom anti -r ction,.coating |layer and the d skl ayer (.steps 140 and

150y “and ¢ he 1620 poi g B e eiedY Giea By 1R ARG R Rl EE e

anti -ref | ect ilgar goatnmavgd bayeppe( $itgpl 4060 cae empetimhertneldwi iasgiotvdr | n t he sane
t he stack w he si.l.i can d t he opened

pl asma chanber. Thereafter _st.ack with > | ayer

hard mask | agSieer Uy SHBURL PR ne dhatbe e et s SO RS Re S s con

| ayer i s IDeadyti-tdlebonpatdrinetds wshdighdl her dharg afasike bgyeig.of ke ane

enbodi ment, the sﬁgpk,mith the silico E@ye( anddthe qpegg% hard mask | ayer
is placed i n"8iibt Puﬁwg§ﬁ§bﬁW68@§@Pﬁgb e RaHpaPd MRBVFEAPINEES are then
etched into thgigi.licon |layer to define active areas (step 180). The hard

mask is then c | etely removed (step 190). [0022]Figure 2 is a schematic
view of a plgyﬁﬁ react ‘Pﬁé?gﬂ%geBégﬂ%%ﬂﬂFﬂ&ﬁP%E+¥%gE@mﬁﬁéﬂFHW&htion. I'n

one or nore ebodideats 19b b Es0) alv(etmtag@ppmgopdhagmmég@qu andQfe conpri ses a
top central electrode 206, top outer el ectrode 204, bottom 25central

el ect r odé> 20B0ttognntareHerioa frve dryepisiet POde pPLorme iptith i fciamer wal | 250.
A top insul apREmd g0 TheRatidaihe stalih@itk OB sEett fadd: .8l eelpardand@d fromthe
top outer electrode 204. A bottominsulator ring 212 insulates the bottom

central el ectpgdaveror reperadtive bhecharhes (fteerl 78) dvay bdslisamlayajistsadi t hi n t he

pl asma react Brbe?j;QQem RHRSHS l?aﬁ-@ngﬁplaﬂrr]é. ROSHe leh@B&ihe N (e QR PTyich i bot tom
central electrode 208. Optionally, the bottom
silicon layer and the opened hard mask layer is placed in another plasma processing

20 chamber. The features are then etched into the silicon layer to define active areas
(step 180). The hard mask is then completely removed (step 190).
[0022] Figure 2 is a schematic view of a plasma reactor that may be used in
practicing the invention. In one or more embodiments of the invention, a plasma
reactor 200 comprises a top central electrode 206, top outer electrode 204, bottom
25  central electrode 208, and a bottom outer electrode 210, within a chamber wall 250.
A top insulator ring 207 insulates the top central electrode 206 from the top outer
electrode 204. A bottom insulator ring 212 insulates the bottom central electrode 208
from the bottom outer electrode 210. Also within the plasma reactor 200, a substrate
280 is positioned on top of the bottom central electrode 208. Optionally, the bottom
30  central electrode 208 incorporates a suitable substrate chucking mechanism (e.g.,
electrostatic, mechanical clamping, or the like) for holding the substrate 280.
[0023] A gas source 224 is connected to the plasma reactor 200 and supplies
opening and stripping gas into a plasma region 240 of the plasma reactor 200. In this
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30central el ectrode 208 incorporates a suitable substrate chucking
mechani sm (e.g., electrostatic, mechanical clanping, or the like) for
hol di ng the substrate 280. [0023] A gas source 224 is connected to the

pl asma reactor 200 and supplies opening and stripping gas into a plasm
region 240 of the plasma reactor 200. In this exanple, the gas source 224
conpri ses an opening gas source 264 and a stripping gas source 268. The
openi ng gas SQumgR, taégabsbumia& DBScogisésQin oPREMd Y sélire: Trardd aeeippl n@)(g@sl’ The
stripping gas source 268 supplies gas for stripping or renovin

r emai ni ng pho%%%éf’stTheaxpémn%aaStSH@C%a%suﬁﬂw spalpepPegmsdhe %%@Hﬁgﬂayeﬁask is

opened. 5 [ 008l RigHal §o%%9@§¥uﬂ8fes§ﬂk‘f&§tn%§%ﬁ%pgn@vln‘g‘@hél%ﬁghﬁﬁfécy RF

source 254 are electrical connect asma reactor 200t hrough a
controll er 3@0@6%pfhvn@eﬂﬁdwmimm$1@@9£@h@@ﬂﬂ5ﬂ@@*2@%ﬁﬂ@b6 208, and 210.

The high fy eqy @ﬂzy RF m&ghcf?e&éé@m%ﬁ@w JHdQﬂo&zrﬁ% Rg dg@mr and

supplies the h frequency wer to the plasna Pref erably,
t he high freqMEﬂ@ynﬁﬁyp@weﬂ&hEBhQﬂQQMhpequéﬁ@Vn@@@aﬂenmﬂhaﬁ%UD equal to 20

mega Hertz ( lde;%% FtoREee&gJu%ﬁésyvoszi;)%Nﬂ}zsgQ;EI/ ielﬁq‘in@?gﬁé% ;P}';glgeggﬁphas a

frequency gr er K han Cor- equa t he high
frequency RF bpm\m%mgelatei hlgh| treqeycygRE advedr atdh suppOes teejuigh fequebQy RFiz.

00251 The. | oL &04SNGY, . SRUGEE 204 BRNGLAISSLONL BQUENEY P pover 15

and suppllesp?W req uency power %® ot e actor200.
Pr ef er ablly, tﬁl&eudnoy\glfemetqheﬂmeqlaﬁ tcpMEgiﬂsSTz&MHzeqh@nﬁ}yeﬂee&S/ theawehor equal

1 equency | cQeEREN PO RTIAT DB EO e B O b BHEP Ak, "DRe | ow

frequency RFppoastly higshigh fre@GUEIRY pdvas Sad haequetic yeaeiddr (ia@ of edddz to 60[ 0026] The
controller 235 is connected to the gas source 224, the high frequency RF

source 252, ‘the | ow frequency RF source 254. The controller 235

control s thefgoesw of tihe 10pesiRgcRH s&iiéd PRigogrgasloiviTtequétae RP asR I eact or
200, as well as the %Fperatlon of the RF power fromthe high frequency RF

source 2%2, PHEUPRNGS éa\‘jélﬁE}EF“F&:R%BWEIe‘Oﬁ?@labf%éeaéfoégi)? ofe& @bhy theope, ~ 208,
and 210, andiduhge RENBUGE podr RAre@bhc [l&@%?l]lloﬂec%uhl © 20%aIR ez ankj nenent

rings 202 are prOV|ded to rOV|de confinenment of the plasma and gas, which
pass bet meenN{Orf'epleféwPIYn@ﬁéw Piegey BR go%T daek Astrstedetyhans ceyh U5t punp

220. [0028] Fy@r eSedRorNer3Bbly! thb i §&®e§c EhasSy SRRy WGl S
suitable for 30 inplenenting the controllér 235 used in oné or nore

enmbodi nent s ¥feqtH&o pMISzent i nventi on. Flgure 3A shows one possi bl e physi cal

formof jhe @@E@Ut er %éE&moﬁgﬂzzsqc&%&éﬁo tﬂegg%s G&P&U}z@fmé}{ hem may have
many physical fornms ranging froman integrated circuit, a printed circuit

board, and afremeidy RiamediveRa2 ded thedowfequsney Rligenrce 254. The controller 235

controls the flow of the opening and stripping gas into the plasma reactor 200, as well
as the generation of the RF power from the high frequency RF source 252, the low
frequency RF source 254, the electrodes 204, 206, 208, and 210, and the exhaust
25  pump 220.
[0027] In this example, confinement rings 202 are provided to provide
confinement of the plasma and gas, which pass between the confinement rings and are
exhausted by the exhaust pump 220.
[0028] Figures 3A and 3B illustrate a computer system, which is suitable for
30  implementing the controller 235 used in one or more embodiments of the present
invention. Figure 3A shows one possible physical form of the computer system 300.
Of course, the computer system may have many physical forms ranging from an
integrated circuit, a printed circuit board, and a small handheld device up to a huge
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5 super conputer. Conputer system 300 includes a nonitor 302, a display
304, a housing 306, a disk drive 308, a keyboard 310, and a nouse 312. Di sk
314 is a conputer-readabl e nediumused to transfer data to and from

conput er system 300. [0029]Figure 3B is an exanple of a bl ock diagramfor
conput er system 300. 5Attached to systembus 320 is a wde variety of
subsystens. Processor(s) 322 (also referred to as central processing units,

or CPUs) are Goi4RbEJutO &nags s@&x\’BGIﬁ%@lu&é@%ln‘r@ﬁt%mm&Ma}S% Menory 324
i ncl udes random access nenory %A and read-only nenory (RO\/p. As is well

known i n the hepging Wébkén’mﬁ&& éhﬁs‘/ﬁ)éfrﬂdéé@ anéﬁalopwﬁlﬂu@éak&ié isa
uni -directiongl ly.f Peaﬁz@?ergf A0 RO Feri88 %%F}L&@%A&{%&é? S4@nsher 10data

and instructions 1n a rectional nmnner. ese types of
menori es may [P0 ude ahigusBiBtiabh exagfpla dia biwkdingsmn foe aetapite speeh d0descr i bed

bel ow. Aflxe 6 is al.so coupl = dir i.opal.ly t 22; it
provi des addllgltagfﬁedll%o g’éb?egl %f%’rfz ggbea V(‘:”%Qé’%g%t{l/)b%%gbyﬁ%{}/b'a?lgjgési)’(cﬁwag Sﬁy of the
conput er - r eadebtrel wedcatidegocdsbhedubel @WPURE) xedodilgko 3@Gigrdyvifs, used to

store prograns ata an h i |caII a 155 st orage
e um (o acn vl B 0ok Femst T2 G P Rost g S TERPEGRY 1 oW
be appreci at e&dtdmagtmérhayl(RDM)rm\Lsh@mHlatoasmnedrevmﬂ ROM idt»(tedxadsfﬁiﬁa&% may, in
.appropriate cases, be incor fas ion s virtual nenory
P eor v 3545 Rersoa whareRioadh S T AN Lo Pl sl < prb e

conput er -Ineadailagd neEhcaiofkeis @i bﬁ@bnbﬁzll @WnncﬂOB@@ﬁﬁ]tl(&?&iyﬁQs?oﬂn&nﬁhﬁ@nﬁpupl ed to
a variety of input/output devices, such as dl yboard 310, nouse
312, and spedk&s gy opBREPEPUtCIRAGRlS TR ep‘a%‘) 38@% %ntﬁvﬁtsi&kany of :

vi deo di spl ayse istarsackual biiirePidmBly ka0 ES prdvi ek oRh@RRBdatt QUG sensi tive

di spl ays, transducer card readers, magnetic orgﬁﬁger t ({%e reagers tabl ets,
styl uses, VOF%Q&%mﬁ‘a{?ﬂvﬁlﬁ"tq‘ﬂbder"é‘éBﬁﬁFE%TFIEL“e‘b‘F FRegE qegAtbed Beloyr ot her

25conput er s. FPWIBR220RL] %@Ush)’o {BY pher&ouplednd deaRObhek rgRmmyter or
t el ecommuni- cations net wor k usi ng tpvvork interface 340. Wth such a network

i nterfacéd itecprdaponpiaapmediod <rtﬁhﬂbrh@d Pl thitdhilovedBINRSINMY YPi#EEi on from

the network, It%ll'ﬂlagﬂatle&%cp&lt\t th@fn@ﬁ%érﬂ@tah@d%m@&mfbk 3bOnda qncourse of
perform ng the aboveé-described method steps. Furthernore, ne

enmbodi ment s afprefiiatemages divtingoanastted mnt@dalﬁégﬁh@%éém@algm@lylrU@éIﬁOJ@PU 322 or
My execute @rR?naoQ%lg‘@M&@U&gyaﬁ Fh'é%ﬁr[‘éf%%ﬁ thk Borft O&M%%Rr}néeﬁat h a

renote CPU t res a portion of the processi ng. 1] I'n addi ti on,
enbodi nent s dfsciitied bplowsent i nvention further reI ate to conputer storage

product sy fhody comPUYS £2AARR) &R ANA o NANRGATRHLRL,, ade ther eon

for perform arious conp ia and
conput er cod@%m&ym@eketyh@aé 3$@)emua¢ B \2, dekipgrieds Qéﬁldlrcgﬂn@tar ac irpdt/$ugputt he

pur poses of the present / ntlo 0 th wel I known
and avai | abléeeV Gt stém %tj\jl\l 50 4 JiI;"lIt‘“(S [mk am cqngér%pggybraglg%f o fg(glarts Exanpl es

of conput er -tweddabldievaddilays, tr ansducer card 1eadels magnetic or paper tape Ieader

tablets, styluses, voice or handwriting recognizers, biometrics readers, or other

25  computers. CPU 322 optionally may be coupled to another computer or
telecommunications network using network interface 340. With such a network
interface, it is contemplated that the CPU might receive information from the network,
or might output information to the network in the course of performing the above-
described method steps. Furthermore, method embodiments of the present invention

30  may execute solely upon CPU 322 or may execute over a network such as the Internet
in conjunction with a remote CPU that shares a portion of the processing.
[0031] In addition, embodiments of the present invention further relate to
computer storage products with a computer-readable medium that have computer
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5include, but are not limted to: magnetic nedia such as hard disks, floppy
di sks, and magnetic tape; optical nedia such as CD- ROV and hol ographic
devi ces; magnet o-optical nedia such as floptical disks; and hardware
devices that are specially configured to store and execute program code,
such as application-specific integrated circuits (ASICs), programmuable

| ogi c devices (PLDs) and ROM and RAM devices. 10 Exanples of conputer code
i ncl ude maching. Geden f&ﬂ&lﬁmﬁﬁng%ﬁ%k%% Qeél B ORI BdperaBiBh. Thé @digoNt ai ni ng
hi gher | evel of code that are “executed a conputer using an interpreter.
Conput er r eadabkenprdicadamyy bd @@Sebée%@h*ﬁ%@@?ed@é@ém{sﬁ%‘ﬁ@ﬁot the puppses conput er

data signal er{‘al%%' & 1%6&1&?5{)‘1}1 e§ I%lyl\@ggofqﬂéjklﬁ(?gfléﬁﬁﬁ ﬂﬂﬁa] 2BBHUE HES. Of

instructions that are execu a processor acilitate
under st andi nglauhg 1B i1 the eprhpuder, soilﬁlv@f: aMExsmalesmmvﬁetw@d@é%ms@@t i onal

1 ust ratl on O (‘% gtt?% not IOm t(‘g’H (SoN m?go{le IC g(?la LC Xlghalé% kS %E&;e&lﬁls feat ures

w il be etsché%dlnto i's ST Con ine ac e silicon
| ayer 410 is rg@nﬁrcahﬁeyogmalen&hd suchag CB{ROMh hmct:lmilognaqqhdledemrces mialgcezm nitride.
In this exanple 410 a fer silicon

S
substrate. AREF élmﬁ&gﬁuﬁhﬁglf’ptﬁg&?l? %fhéfd@@bﬁ %e\‘/ge {ﬂ CRY] eflélo% substrate 410
(step 100). |cﬂnﬂghlé&l te @i’ﬁ@dlnﬂemcutetphglhﬁbﬁienﬁﬁk ad @pplcatibRBperifyc hegrated
silicon-based, For rd mask ipelectric
materi al s, sﬁa‘wnaéf*gﬁgg%@wa éﬁcwcebfh@%ﬁa?ﬁwxﬁ g@éf X555 ray

conpri se (8 SigAGhSled @YOMpOfr @dpa@iclide u{aalﬁmmaergualh ab()rﬁodm:tlscﬁ bph eorhgiyer s of
different naterials and has a thickness. For ex in the enbodi nent

shown in FI GAdlaes %‘H’éﬂﬂ?%%ﬂﬂﬁ%koflC&Q‘é@aw%e’%ﬁﬁ? %%E:O%Plit%iy‘é’ﬂgé‘\“ Si O? 422

of appr oxi maggl, leaego@opﬁﬂgétléﬂiﬂﬂ'e%eﬁﬂ'rﬁ@@@%e@\é@ﬁmﬁl doaly etn@fitdl BNG 421 of
approxi mately 1000 Angstromin thickness. [O0033]A bottomanti-reflection

coating | ayefFomBgeidiapgnmedtoger it MR VAR P NS B OPYUERE T 110), as

shown in Fl GsdfRtiodYRhCRd Ekcut@b1O0 & prcandd - refl ection coating layer 430 is
formed between a material |ayer (in this case, the hard mask |ayer 30420)

that is to bEOBALt er nkp fariligieswarraiaptingeighe BYFOnUTE- GRS BHBYE | t hogr aphy
and an over| Xlopsgsepmpﬂlg§{a§5n !)Wﬁﬁck@@@%ﬂﬁta%ﬂlcégply@irmoFlE%ntﬁl*@lybe| ow) in

order to suppress the reflections fromthe material |ayer surface into the
phot or esi st feaypers wtihae ciwbey! inledhiadiécerhleygée dedinpineye aThe bt tlgon layer

anti-reflect hﬁﬂ %Qg%z!ellg'gm}eas}ﬂﬁron %@blhé@ﬂ%ﬁd@%@ﬂhcoﬁ Iﬂtl?de @rp@h@ﬁmﬁmg' ment,

the bottom anti - I on coatling may not be used
anti - ref | ect sibeondagt it Hyis laitiepn #3071 oij wliqon egwhbte. Hdsufhm@bﬂn lektné%%ls For

exanpl e, (5 n Fo g(govel 91' m‘?lc%]n %the!ln) (FteglOéB’In Ihlile n%%é%@e% %l{ax({ Fr“xfllkECt | on

coating ayer ness of Xi mat Angstrom 5[ 0034] A
phot or esi st lagyeR0 440 basiliborf-emtdiries exasn}ﬂ@rﬂmsdn@mewfk lnyve 4Bdtphe ant i -

dielectric materials, such as Si0», SiON, or SisN,. The hard mask layer 420 may
comprise a single layer of a particular material or multiple layers of different
materials and has a thickness. For example, in the embodiment shown in FIG. 4A, the
25  hard mask layer 420 comprises a layer of SiO, 422 of approximately 1000 Angstrom
in thickness over a layer of SisNy 421 of approximately 1000 Angstrom in thickness.
[0033] A bottom anti-reflection coating layer 430 is formed over the hard
mask layer 420 (step 110), as shown in FIG. 4B. Typically, a bottom anti-reflection
coating layer 430 is formed between a material layer (in this case, the hard mask layer
30 420) that is to be patterned on a semiconductor structure using photolithography and
an overlying photoresist layer (see step 120 and FIG. 4C below) in order to suppress
the reflections from the material layer surface into the photoresist layer that may
degrade the patterning. The bottom anti-reflection coating layer 430 is optional. In
7



reflection coating |ayer 430 (step 120), as shown in FIG 4C. Photoresist
is alight- sensitive material. Features or patterns are transferred to the
phot oresi st from a photomask using light. In one enbodi nent, the
photoresist is a polynmeric material. [0035] The stack 400 that includes the
silicon substrate 410, the hard nmask 10l ayer 420, the bottom
anti-reflection coating |ayer 430, and the photoresist |ayer 440 is placed
in the plas (o ; t O (0 S g - ti tion
coating | aygiraa né.%% aﬁ%og%%ﬁtég% (bglgl Ce’%%%.bsfgbg@ S %ﬁn%ﬁ%&&?é&éﬁ.&ﬁ%ﬁi&o}?ﬁat ures
or patterns defiirefeedtiomeontieg lphotid0.esprstent, hyser thigh@esar Eorekamyé.enthed to t he
bottom anti-refl ection coatj er 430. In.th adi ren in FIG
4D, after theen%)8€1fr}§ﬂg SgﬁW-m fi@? é#ﬁé%%?tf%l o fl%lcél%?%?gl?g gg‘ %@ﬁlg%mned, sl i ght
recesses 423 tatleefsarfapglokintacelt 908 Sigstramder | yi ng | ayer 422, which is a part

of the hard | ayer 420, at the bott of the features. Next,.the hard
mask | ayer 4%@ open?® ‘Etg’teé‘ﬂ”i%f'?&‘é@gggﬁm 5 RTEY Vehé.ebﬁ%m?fé%tures
defined in thelphal @aesd Glerlidy etepdi40), as gocant Fitued. Paotbesikriansiterred to the
hard mask |ayer 420. |f the hard nmask Iha}(er {%&Bco%i ses g_ulti ple layers
421, 422 200FCIHPF ERERPL higf@FF AF BACHS A anHETehiB S RSHYCSShBRR 3 n FI G~ 4E,
then the featHsBSad RinkN@NS186ACEMERInMk, theoptRtSesth? k,a pbB2ndik nidigiahar d mask

| ayer 420. | 036] In this enbodi nent, to open the ‘h_arg (573%51 I_d?%\'ef 420 (step
150), an opeRyl gas iBrersfasiell thatiaclidrs s sdisny syhsbue 610 Bsorardiigskopeni ng gas

may conpripse 1{EA20ARE Bottdn antPfefi®tionRokting M er £xpUeRCHe Rotsie41sie8 2R suppl i es
RF power to the 25plasma reactor 200 at a fre uence/ greater than or equal
O

to 20 MHz. PietlesedBl e plakea rpgpr 300dgerehty) Rstgbakttonyatiyefiydigliency great er

than or equalofiQe ZifeMp-is Eﬂe‘ﬁé@(ségll)(@), Lh&ohh ahrid, eBuene YeaResRRpRIenSUPP! i es
RF power between approximately 150 watts and 800 watts. A |ow frequency RF
source 254 sdypleil ésthREhgSerimeipt [ tHearp asfred dabe dpttopontateligctianequency 1 ess
than or equal,fQ, £ Q¢ .'IIIP et 8haRMYN: shi\en [HOMG30 f freame B6XoRinRover has a
frequency of approximately 2 Miz. Preferably, the |ow frequency RF power
suppl i esIRF piweionsettingdmyeappt ioxpenat elight30@swatisuafimed o hatt@. The

openi ng gas |s. foroed i o a plasna. ; , a5 adnt BoRREHr hbe hard
mask 430. m{élzde[lﬁlgg%ggtL{uyrz'evs&g?hebaa penoéJ ﬁqﬁlﬁit%‘z&ﬁ%%ed mas ]ga(ilter' 43t0, the flow
of t_hfe_ openi _f@gtuga?] Nest, smednglpdenhsk ﬂz@f@ﬂ@%ﬁpp@ﬁ@ﬁmpéﬁoi h@ibwgllmgl(hé]iil&lsl a 420
specific recipe.that e.us r.or ni.ng red.. ayer
(step 150) iE}%[%Zémleeﬁ‘g%g?éﬁénﬁhegﬁ%\?\ﬁblf%g}ﬁfé&pi?&gmgrdeésgrnegbaft 1@3 Ml | Torr;

t he hi gh fregquénayk Rierpodelf tisoiurdcaadiyes dppéommgesibaltiprtiaysrsa2 1 RE22power  at
27 Mz freque . _the | ow frequency RFE pgwer .s 54 .S | ying 750 watts
of RF poé@r %dq&%é'waﬁ?gguﬁﬂgy,eeg?%dlt”ﬁe«gp%ﬁ Hil%g%gg’% %\t/}\}eg%%ﬁ%%‘gs 600 sccm
of Ar, 110 se@rte0td R, lay0s S0cmMOdf theHR3d maskdajlso 48e¢.cm of 07. [0038] The

430 over 't ha NG mas bt Ty o2t iy e OBt (T HER (8 By T TP i s a

schemati c crgesing@&dik @Bakd Mk plasthheasbarto. 400 opdriigy gak ey phoaposcesi st | ayer
440 and the bottom anti-reflection coaf]j né;m_cl:eazys%r 430 are renoved. Thus,

only the sil (b HEy Bt 91ate A high frequency RE s supplies RF power to the
25  plasma reactor 200 at a frequency greater than or equal to 20 MHz. Preferably, the

high frequency RF power has a frequency greater than or equal to 27 MHz,
Preferably, the high frequency RF power supplies RF power between approximately
150 watts and 800 watts. A low frequency RF source 254 supplies RF power to the
plasma reactor 200 at a frequency less than or equal to 20 MHz. Preferably, the low
30  frequency RF power has a frequency of approximately 2 MHz. Preferably, the low
frequency RF power supplies RF power between approximately 300 watts and 1200

watts. The opening gas is formed into a plasma. The plasma is used to open the hard



410 and the hard mask |layer 420 remain. In this enbodinent, a stripping gas
is flowed into the plasma reactor 200. In one enbodi nent, the stripping gas
conprises 15 at least 07, N7, or Fl12. For exanple, the stripping my gas
conprise at least NH3, 07, and CO or CO2. A high frequency RF source 252
supplies high frequency RF power to the plasma reactor 200. Preferably, the
hi gh frequency RF power has a frequency greater than or equal to 20 MHz.
More prefer abfhé/sk 486 €0Riahe fem&e%foée@ﬁ iPAWRENARK Buybr SAUGBEXwI @R € than
or equal to VHz." Even nore preferably, the high frequency 20RF power has
a frequency gnemﬂggﬁuhamﬂ@d equal to 60 MHz. Preferably, the high frequency
RF power supplj RF p r watts.
Mor e preferaapg; t he hF&Q&ngg&@%@Hggﬁngagg&ghkxﬁg Zwﬁﬁgg8a§9f§1£e
approxinatelynﬁﬂﬁgmhh¢hmdAmHoMymﬂémaﬁmU§OFﬁtbﬁwmﬁénmﬁﬂﬂsupphFéi4Eow

frequency ower to.th | . react or 0 s I w frequency
RF power guppqo 7ade g5 ”&}E\TA}E‘;’I}@%@&% R 0 I%Q ?utlge fs%o%%p lf)mgfl %a(?abl y, only
a smal | am)um'za,ttbSHEEpa®61|aESEW7&rbq0$nc¢qhaloMf(DquéthéiHls),weoﬁouhMSﬂrequency RF
power is suppl dt he pl.asma rea 00. More, preferabl no | ow
Frequency” RE SBekpe f SRy REqors R Aswiarreact BF S0 19858] The
stri pping gﬂ.i‘som?nife@B?Bficmﬂif@jjlolphaﬁxﬁmﬁd > (tjltvmmira:citn&fmﬁdﬂ ztn? Lstsdsdnpofav\,at y I30 t he
remaining p si s ayer nd bottom i-reflection coating |ayer
Thbisf b et

430. The str g of THACHHBIEPELPEristIAFEA* oy bR ARE THEFE ghgoat

anti - refligct iigar £30aiven@e hay @fasiéB0eri 420 d@n@ippad &teﬁaUéO)T hreGphotsar esi st | ayer
440 and the bottomanti-reflection coatlwg | ayer 430 are strlopped away
whi | e t he waPgrrREREPHSeFHPElHEvs aniBe Hrs “E‘ﬁé%@“%@%éﬂyﬁh‘é‘* Pethom

anti -refl ect ibgiors Q@L-FelBct o@x@{tmgif»@eam dbeolaed TRS kool pive glhél&psuegtﬁu@pened
and shortly after the hard |'ayer 420 is opened. Once the photoresist

| ayer 440 and!HwtdtBihanheash layqr é@@ieéfﬁlfbdaﬁlﬁlh@“\’%‘@?ntABﬁ“%l’ég Bl et el y

renoved, theghlennef mt Bﬁsrﬁ“eh&&lﬂ)@ BASnel b HRRAEthe HODAQ) FoLo X ABPI €, the
foll ow n? is a specific recipe that may be used for the St“g%ay& of the
[ p

phot or esil8t ptalyfér 0440, ard: thectssricomMeahitbP g afdyess FORPIEd at Py 430
(step 160) i di t A s - i Ton; the
hd B8 0?&60 LUATL ﬁe?;ﬁézwg HSPI}SE C%%fglblgggé’ \?\g‘% @ﬂ &%@ﬁpd@el

hi gh frequency RF power source ower at 27
MHz fr equencip thapldsmdvsacsen0ppPrederefds tid logh @MMYS%FS‘P%W@&%%@WUGTIC)OZ and 50%

cent e 10vel 4l .ol 45 S SPOLD0 MARDRS A1 ARIRLLI DS B0 Lbe,

processing c er via two di rent cent 0041] The
st ack 400 t hatqueng] giches thaner squal ERY Mtbs Ewaltreomrﬂzfanldytth@hielpénwnhar d mask

| ayer 420.is enpy e omthe pla cl ( Features 411
are etchg%l |%F80‘fvﬁe a%i‘lfm%uencys% < Istm O]ﬁ‘f)‘ﬂ ?%?%I%lh %?16%8 gg%%lh'ﬁgrd mask
| ayer 420 (sﬁmed@ﬂ@pow&h@phedklﬁ)gomeﬂmaam 1m@hmmglyd@pem¢ts agh8@he type of

mat eri al that tpa to f b& g gh h% o] Smarﬁte ecause t he substrate
410 i's silicB™ AaBISFORIY-dids ée%lencsym %.%VYI YRS ERTRG il i con materi al
shoul d be chqj@mlmdbﬂyeo@ha@a% losv fréquamd Rmiomldel‘ze4em@heclhazrfﬁqnerapdtl?one or
nore types of wers are s h cha r to formthe etch
mae int 0%y oneri BRSOt Bl PE b S Pt el T St s 0 e 20
t he et ching Rspmb@teenotdmofw;@w pord frefeedbth) off@s shdlistoppedich bk less 4G is a
schemati c cr ss-sectional vi t he 3%\ ck 400 afpltj]18 5)fge features 411 have
(o

e
oo ot bhed T e i (e Tl LN RS KT Gora et ¢ plasag feador

200. More preferably, no low frequency RF power is supplied to the plasma reactor

200.

[0039] The stripping gas is formed into a plasma, which is used to strip away
30 the remaining photoresist layer 440 and bottom anti-reflection coating layer 430. The

stripping of the photoresist layer 440 and the bottom anti-reflection coating layer 430

is done in-situ. The photoresist layer 440 and the bottom anti-reflection coating layer

430 are stripped away while the wafer remains in the same plasma chamber where the

9



[ 0042] The renai ning hard mask | ayer 420 is renoved (step 190). A nornal
organi c | ayer stripping process, such as phosphoric acid (H3PO4) may be
used. FIG 254H is a schematic cross-sectional view of the stack 400 after
the hard mask | ayer 420 has been stripped. Only the silicon substrate 410
with features remains. [0043]1n the above exanple, the opening of the
bottom anti-reflection coating | ayer 430 and the hard mask | ayer 420 and
the strippin | ection
coating IayeEi)o%rﬁtal?t?t@gfra Oﬁecgﬁd@da}le?gﬁj?ng@%rﬁ%g%ﬁ%}?a 0%]%(2%]8%8%}5 gag&erfor med
in-situ, i.eshoilpaftdréhestamempikdsyrn 4l sopewilngnehbapeatoresiiidayet ¢iang of the
silicon subs rate 410 dth strl 420 after
the silicon ;bu SPPRETE %@nlcoa mtgc eeggéad:%e Comélgglﬁg‘%ﬁ&emmﬁg!?g%?% separate
equi prent s. Atﬂpgamg@hmvedoypedl n anot her exarrpl e, all five steps, the opening

of the botto flection coating.|ayer. .430. (St 0 openi ng
of the hal%’d %@E Iayer A 5E e glbe f%@‘b‘)”,ngf%a %gﬁ}f PP %gm?glai[ﬁ ?lﬁ'egf%e% ng
phot or esi st kaiypping 440 ahcloRaititioner a1t indrief betotn ori-refmtiomepaliay Byerd30 (st ep
160), the etching of the Si Ilcon subs t 410 ng.t

stripping of {HelORAIdhGERRO}BINE Omn%i(? R@E)g}“(e aﬁﬁ&’ Wﬁ%&ng‘ q‘hghm tu.

5[ 0044] The pregeity RN PSR sof-capl suﬁplyin@ 3@@%MRW}§IE&I ef 27aM1ehi ng processes,

such as via etching and trench etc The resen nven i on has many
benefits. Fofre%?a?ﬁbla’éd the ptriRBIge BREPY ‘dﬁﬁﬂlb‘f’% T ey %dW“F‘r equency RF

power or (gsi %lgﬁm%;of%1§f@ﬁ1hg ?%'ﬁwme @i}mﬁlﬂﬁfeh% %W@ﬂﬁx}g dRmpowermwduri ng the
ay

stripping of the ot or esi st er after opening the hard mask prevents the
hard mask fr 8ieicgpraiy frafer pedistl#Ehg or 10 faceting. The reduction of

faceting of _fdogihard ﬂmKtqaa%ohﬁ%@nélwoq]etbglc&emgméme{numg: &endche et ched
features. gher f requency | asma ashi ng provid %er efficiency in

renovi ng pol Yaemagelspyids WP@WM‘W@%W@%@PI%F‘O{F@ @@eh fexrigr &kl in the
hard mask '%@%mh&&%ﬁm lhaﬁa%u@;n%@ 499%0@%9 d;eh@c;hmhﬁb@wa@(s%t ends

mean tinme between 15cl eanings. After each har Fen process, waterl ess
cleani ngldf  EHanber reoipe hsedXoidahirgricotnslns theyylies! et tﬂ‘réfdlﬂtt?@@eep t he

i nsi de of re&%@ hf: (]it?s%%bopﬂ{e Pge&{?f‘e tﬁé ?%%1&94 1L ylﬂ[:érngn %‘%@awlg‘%@gl ymer

deposits accunul ated on react or processe renmoved.
Al t hough waf eithigs Sorelcbmgisiigon @apenlbeoutéde dfaser. Averlygaaf ewediato thd eaning i s

requi red perd il GabLY. 0¥, dLSSSIRLI0G &8 £AGL QAL [ 0, A0SALURD NG the

d
cont am nants %romt e surfaces o’fper eacl%jgo parts using h qui d solvents.
I n-situ strifopnnig coh gahetphptone sihgh it aspélto axit @ndidicerhebspéad 10l ncbet ween

wet cle ause bot [ cleanln S oxi dati on
cheni st ?i)y %B%%ted”%r?tclompgfehe 6@55%}%}? VESE" DAPES Uﬁg; %géh%%ﬁﬁgused by

pol ynmer fl akessspeeioed vodfuf offthé)mxdkela)otaﬁél tmfehtusaa Kl abes been ¢tedddgd the

25[ 0046] Whi 'r;@ t hi vam c@f as been described in terns of several
preferred erbtdl e fl%te ©rEhins EUNP f'&P%¢ i ons, pernutations. nodifications,
and vari ous [ged2sgt i t ut Ehegthaiad et Smaihgdh 4P@islrembtelti(tied ®).saopenaf this
invention. It shoul d al so be noted that there g(ﬁfr&{%a Lterna{s jve ways of

i npl ement i ng 3AE Iayer REERING ReEpecss. such as p osphouc aci e used

25  4His a schematic cross-sectional view of the stack 400 after the hard mask layer 420
has been stripped. Only the silicon substrate 410 with features remains.
[0043] In the above example, the opening of the bottom anti-reflection coating
layer 430 and the hard mask layer 420 and the stripping of the photoresist layer 440
and the bottom anti-reflection coating layer 430 after the hard mask layer 420 is

30 opened are performed in-situ, i.e., in the same plasma processing chamber. The
etching of the silicon substrate 410 and the stripping of the hard mask layer 420 after
the silicon substrate 410 is etched are performed elsewhere in separate equipments.
Alternatively, in another example, all five steps, the opening of the bottom anti-
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apparatuses of the present invention. It is therefore intended that the
followng 30 appended clains be interpreted as including all such
alterations, pernutations, and various substitute equivalents as fal
within the true spirit and scope of the present invention. CLAIMS 1. A

met hod for etching features in a silicon |layer, conprising formng a
hard mask | ayer over the silicon |ayer, wherein the hard nmask | ayer is

si | i con-basedenhieh Bhdting NGel B0 ED140h 8 dHefinFBE e haUSlask QTR 4288%ep Sf or m ng
a first Iayereover tzénél??conmhag ? ereF%Bthg ISt IZ@Er ?sq§|3hm and

formng a secﬁWMfmayamﬂwvéﬂWUWGmﬂmg§hmpﬁ§@#hW%ﬁ@}@ﬁﬁmﬁﬁéaé%@ﬁhﬁ“@hyer i's
Si02; formn r JTBSK opani ng the
hard mask | a%é)?tlr%gg}(gf%?é S&% 1%@%8&}{%&02?}25?@9 a er, A@grgr%]? ﬁ%(lgnzgﬁprow di ng
a stripping gbasstripping of the hard H@d{lﬂYﬂﬂ@Z@.(Smpd§ﬁhmwbthﬂ¢en-§ﬁu| ppi ng gas by

P00\ 00 2 O SN S AR AR, LSRR g e, o s

VHz mherelntbﬂamwmmwmmgmﬁmemﬂ%&ungMwWGSaaup@manMessnyhamﬁBOPmatts, and
2. The

stopping the stri pl phot.o |st IS str
rerhod. Cas raarpeB LR e Bl wlRc Rl el B R R hRBR Y ayer and
the stri ppi ngmahemphatoohesss freq@yer RBpewgenfiog tredripping os@mphahasiver . 20

? r -ergﬁ e g‘g; h %g itygb\é{te? ﬁi}é&% (gwg{i] %H?kng e%él{attimgflaqg mdbszl orylwgoeprc%lmrél }ohx%dllngvovx

10 faceting. The reduction of faceting of the hard mask has been found to reduce
faceting of the etched features. Higher frequency RF plasma ashing provides higher
efficiency in removing polymer deposits from the sidewall of the etched features in
the hard mask layer.

[0045] It has also been found that this example extends mean time between

15  cleanings. After each hard mask open process, waferless cleaning of chamber with
oxidation chemistry is performed to keep the inside of reactor clean. During the
cleaning, fluorine-containing polymer deposits accumulated on reactor wall after
HMO processes are removed. Although waferless cleaning is performed after every
wafer, wet cleaning is required periodically by dissembling the reactor parts and

20  scrubbing the contaminants from the surfaces of reactor parts using liquid solvents.
In-situ stripping of the photoresist layer extends the mean time between wet cleaning
because both stripping and cleaning use the same oxidation chemistry. Consequently,
the possibility of particle issues caused by polymer flakes peeled off from reactor wall
surfaces is reduced.

25 [0046] While this invention has been described in terms of several preferred
embodiments, there are alterations, permutations. modifications, and various
substitute equivalents, which fall within the scope of this invention. It should also be
noted that there are many alternative ways of implementing the methods and
apparatuses of the present invention. It is therefore intended that the following

30 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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4. The nmethod, as recited in any one of clains 1-3, wherein the high
frequency RF power has a power between approximately 200 watts and 800
watts. 5. The method, as recited in any one of clainms 1-4, wherein the
hi gh frequency 25 RF power has a power of approximtely 300 watts. 6. The
met hod, as recited in any one of claing 1-5, wherein the stripping gas
conprises at | east one gas selected fr group consisting of 02, N2,

and E12. 7.1 The gehlad i@echff et &L b eeﬂfe&hghanghe stripping gas

further conprlses h ogen fecited in any one of clains
1-7, wherein the ppeni L h%la*s‘r?iagclenﬁée? iild Q{ﬁcon‘ig Ee‘%%m%eo}‘{arﬁ a%k"i‘a egpe”' ng
gas; formn t Hﬁ pr OV i gh

f requency RHs&ﬂtE@%@sealDd/héreth\Heff(ﬁtﬁﬁﬂ@ﬂfémaﬁl:rnaﬂ&\layer oaﬁ@rlsésﬁppl ng the openi ng
gas when the hard nmask | ayer is opened. 9. The nethod, as recited in any
one of claims 1-8, fur{dh@ingGon fla?éﬂgzerﬂférsmc'aﬁl@ep%ﬁe@éﬁl%ﬁrsfl% é@etion
coating | ayer over the har ayer and under t’he phot oresi st | ayer;
10openi ng t he bot$®N4and|-reflect|on coating layer; and stripping the
bottomanti-reflection coating layer. 10. The nethod, as recited in claim
9, wherein the openi nglothmgotetam laptri oveethk dostilayer,culsreinghd sogend laybreis
openi ng the hard %Eik | ayer, the stripping the bottomanti-reflection
coating | ayer, ’he strlpplng t he photore5|st Iayer are perforned in a

15 sane chanber 11, The nmetho as reg F g | ai m 9, wherein the
stripping the botﬁOHH‘\“ér?tf? ofgesisl e AVerdhs harg mask &3YeBonpri ses: provi ding a
strippi ng gas; formng a plasma with the stripping gas by providing

a high fi¥%equency %anﬁtbbWHﬂnﬁﬁHfaerémﬂfrequency RF power, wherein the | ow

frequency RF power has a power |ess than 50 watts; and
stripping the photoresist layer, comprising

providing a stripping gas;

forming a plasma with the stripping gas by providing a high frequency
RF power with a frequency greater than or equal to 27 MHz and a low frequency RF
15  power with a frequency less than 20 MHz, wherein the low frequency RF power has a

power less than 50 watts; and
stopping the stripping gas when the photoresist layer is stripped.

2. The method, as recited in claim 1, wherein the opening the hard mask layer

and the stripping the photoresist layer are performed in a same chamber.

20 3. The method, as recited in any one of claims 1-2, wherein the low frequency

RF power has a power of 0 watt.

4. The method, as recited in any one of claims 1-3, wherein the high frequency

RF power has a power between approximately 200 watts and 800 watts.

5. The method, as recited in any one of claims 1-4, wherein the high frequency

25  RF power has a power of approximately 300 watts.

6. The method, as recited in any one of claims 1-5, wherein the stripping gas

comprises at least one gas selected from the group consisting of O,, N, and H,.

7. The method, as recited in claim 6, wherein the stripping gas further comprises

halogen.
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stopping the stripping gas when the bottomanti-reflection coating |ayer is
stripped. 12. The nethod, as recited in any one of clains 1-11, further
conprising: 25etching the silicon |ayer; and stripping the hard mask | ayer.
13. A sem conductor device nmade fromthe nethod of any one of clains 1-12.

14. A method_for ching features in a silicon |ayer, conprising formng a
hard mask |a$er o5 mefldey s ipgpgpne o1 @mﬁlﬁé o B REAE Pe R | on
coating | ayep,qVaLel g iged mask layer; formng a photoresist |ayer over

t he bottom anti -re?l ection coating |ayer; opening the bottom

anti-refl ecti on cpavidugg dragmming gaseni ng the hard mask | ayer; stripping the
bottomanti-reflection coating. er conprising; .providi.ng a strippi ng gas;
formng a pi s HTHE HeowTs NGRS By 604 iftag oave SriuershbBhcy s e
power W t91 apdk&IMeRAYwIrLatRly RINpEWES agflual to 27 MHz and a | ow frequency
RF power with a frequency 1ess than 20 Mz, wherein the | ow frequency RF

power has a power stppRisg theanpeBiDgwas when thedard mask lgyepgpppapetthe stri ppi ng gas
when the photoresist layer is stripped. stripping the photoresist |ayer,
conpri sing 19pr ovibk mgthad sdsrreqmidng agmene of claims 1-8, furtharcempgismgpl asma wit h

the stripping gas.by.providing a high freqguency RF power with a freguency
greater Lhan o oitiittoosp i ation fthe Loty B Hask b ehiesl

frequency | egsict hRphdRDrdi¥ layoherein the | ow frequency RF power has a power
| ess than 50 watts; and 15stopping the stripping gas when the photoresist

| ayer isl0stri ppedopenBigtthe bottameati-reftectier ceasgilayes] amidm 14, wherein the
opening the botto ria%i The' efttloecg itgr%ﬂ(e:&?trfc%%til ayer, t he opening the hard
mask |ayer, the st rP%p%ng l%Qhemt)ontlt om-anti “rér¥ _ec\,/? i'on coating layer, and the
stripping the, phoporeshSh dR&ladt %188 QLIRS hl ofedibg fk tSAMER:
reflection coating layer, the opening the hard mask layer, the stripping the bottom
anti-reflection coating layer, and the stripping the photoresist layer are performed in a

15 same chamber.

11.  The method, as recited in claim 9, wherein the stripping the bottom anti-
reflection coating layer comprises:
providing a stripping gas;
forming a plasma with the stripping gas by providing a high frequency RF
20  power and a low frequency RF power, wherein the low frequency RF power has a
power less than 50 watts; and

stopping the stripping gas when the bottom anti-reflection coating layer is

stripped.
12.  The method, as recited in any one of claims 1-11, further comprising:
25 etching the silicon layer; and

stripping the hard mask layer.
13. A semiconductor device made from the method of any one of claims 1-12.

14. A method for etching features in a silicon layer, comprising
forming a hard mask layer over the silicon layer;
30 forming a bottom anti-reflection coating layer over the hard mask layer;
forming a photoresist layer over the bottom anti-reflection coating layer;

opening the bottom anti-reflection coating layer;

13



2016. The nethod, as recited in any one of clains 14-15, further conprising
etching the silicon layer; and stripping the hard mask | ayer, wher ei n
the etching the silicon layer and the stripping the hard mask | ayer are
preformed in a second chanber. 2517. The nmethod, as recited in any one of
clainms 14-16, wherein the |l ow frequency RF power has a power of 0 watt.

18. An appar at us f BPCIEREIRE hardmaskJr¥ss in a silicon |ayer, wherein the

st con Tayer 15 HABhe RN nTRAK UG cHihe Iybheddipdlibe under o

phot or esi st | ayer, rising: a plasma processing chamber, conprising: 30a
chanmber wal |l form ng applivaBnga prippegeasty chanber encl osur e; a

substrate support for supporting a substrate within the.pla r ocessi ng
chanber encl osur e; forfing a pl_agma &“tl]ﬁjrt SUPRINE 8ARPAPTEY ldI”g(ﬂ’r a ﬁ’{égﬁ%?% t he
pressure 3§ n R oRIAME aRtQEesS HeatSBRDEF c RALIIFWIELZ and a low frequencdR I €ast
one el ectrode for providing power to the plasma processi ng chanber

encl osur e fopowerstigi afiaguencyless than 26 Hr cukgreinribe RV fiequsncy Blimoever has a

electrically gonqqgaﬁd %f t he aé | east one el ectrode; a gas inlet for
provi di ng gaBoVHt &t Pl 482 Bt ocessi ng chanber encl osure; and a gas

outlet for exhausting gappihg @ stiypifd %@thﬁﬁﬁ@pﬁc&bl@gisﬂbﬁﬂﬁ@Etrii;@@dlC| osure; a
gas source in fluid connection with the gas inlet, conprising: an opening
gas source; and stripping the photoresist layer, comprising
10 providing a stripping gas;
forming a plasma with the stripping gas by providing a high frequency
RF power with a frequency greater than or equal to 27 MHz and a low frequency RF
power with a frequency less than 20 MHz, wherein the low frequency RF power has a

power less than 50 waltts; and

15 stopping the stripping gas when the photoresist layer is stripped.

15.  The method, as recited in claim 14, wherein the opening the bottom anti-
reflection coating layer, the opening the hard mask layer, the stripping the bottom
anti-reflection coating layer, and the stripping the photoresist layer are performed in a

first chamber.

20 16. The method, as recited in any one of claims 14-15, further comprising
etching the silicon layer; and
stripping the hard mask layer,
wherein the etching the silicon layer and the stripping the hard mask layer are

preformed in a second chamber.

25 17.  The method, as recited in any one of claims 14-16, wherein the low frequency

RF power has a power of 0 watt.

18.  An apparatus for etching features in a silicon layer, wherein the silicon layer is
under a hard mask layer, which in turn is under a photoresist layer, comprising:
a plasma processing chamber, comprising:
30 a chamber wall forming a plasma processing chamber enclosure;
a substrate support for supporting a substrate within the plasma

processing chamber enclosure;

14



an stripping gas source; and a controller controllably connected
to the gas source and the at | east one RF 15power source, conprising: at

| east one processor; and conputer readable media, conprising: conputer
readabl e code for opening the hard mask | ayer; and conputer readabl e code
for stripping the photoresist |ayer, 20 conprising conputer readable code
for providing a stri ppf RtpsyHsregulator for regulating the pressure in WE readabl e

code for foljning: ' t he stripping gas by providing a high
frequency RFb%8§gP%§ﬁ' ggﬁgﬁy%ggQUency RF power, wherein the | ow frequency

RF power has a power | aidsast banelb@rodatfoisproaidihgdpoenputheplasemdablessiogde f or
st oppi ng the stri pping ga? when the photoresist layer is stripped. 19. The
met hod, as r&hdmhsgeRglo Ob FULHBINGE PIaSI%: wherein the silicon layer is a

silicon vafer. 20. Thg pg} BQQRF%gweleé‘du}é%%léd?ri&ilﬁhﬁh%ctém@&lﬁéﬁléa{&eoﬁ@r m ng

a plasma with the 30 opening gas for opening the hard mask | ayer conprises

provi di ng a Hegloder equency RF power between 150 and 800 watts and providing
a low frequency RF pOvvaergasbl%fe\{\?o%rf)rqugin%%gs 1%1%(9 Blevﬁe{stﬁlsa'processing chamber
enclosure; and
a gas outlet for exhausting gas from the plasma processing chamber
10  enclosure;
a gas source in fluid connection with the gas inlet, comprising:
an opening gas source; and
an stripping gas source; and
a controller controllably connected to the gas source and the at least one RF
15  power source, comprising:
at least one processor; and
computer readable media, comprising:
computer readable code for opening the hard mask layer; and
computer readable code for stripping the photoresist layer,
20 comprising
computer readable code for providing a stripping gas;
computer readable code for forming a plasma with the
stripping gas by providing a high frequency RF power and a low frequency RF power,
wherein the low frequency RF power has a power less than 50 watts; and
25 computer readable code for stopping the stripping gas
when the photoresist layer is stripped.
19.  The method, as recited in any of claims 1-11, wherein the silicon layer is a
silicon wafer.
20. The method, as recited in claim 8, wherein the forming a plasma with the
30  opening gas for opening the hard mask layer comprises providing a high frequency
RF power between 150 and 800 watts and providing a low frequency RF power

between 300 and 1200 watts.
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