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sem conductor devices. 5 More particularly, the
invention rel ates etchi ng feat ures into a polysilicon
| ayer during theXkdrie SRMAI IRIM Gevi ces.
[ 0002] During sem conductor vvafer proceSS| ng, features
of the sem conductor device are defined in the wafer
usi ng wel | - known WKGROMND&’D@TEIE:WVE\IWKMesseS In
these processes, a photoresist (PR) materjial is

d &0 + o dThsrpressat aFRtiongishtestie qu fermaiagql samiropdrqorgieyices.

:I\Jé(grg 'iagrlcélcppﬁrl?htgl? Eﬂv%lltﬁf %E!h%es e%g‘h% feﬁ{u‘?‘eSQSf?)ear a?(llgr%ﬁl&tn layer during
gemﬂfehﬁatm dfﬁaﬁnd@hdﬁ‘d(oﬂdeg'[&sf rom propagating thr ough
the reticle. [0003] After passing through the reticle,

021 ght Deidng serigonduetos ma? @@C@qisntgwéeatty%@foth@é@r@nconductor

n’?&? ﬁée %lﬁﬁigir g?delléll tg{' fva E%ngg g&lrelilg%o%tﬂ éﬁtt{gﬁl el CR g@lle %grrc}cesses In

C @iksé BRRVRed aPpblor&ikt PR { eteflIat BE®SIt6d onvBic&Fdféd andlthen is

the case of positive photoresist materials, the

eﬁ{@l@ﬂsﬁé@i tq liglit dibisrearby artetigloedhe tiglein genpsall onglassaflate that is
gt%érr}éf\:r/?g gg%%é)nrﬁ% arye g?t%qa tg%[)'{nraf]:lrlest alg%locﬂ%iéﬁp ielgl ptrroe Iggtli]tlsg

rqnv@ygl thbectingler | ying material fromthe areas that

are no longer protected by the photoresist material,

alRP03her eh erd@ﬁmgthrh@hdbg ratiste, 0@ ljshheantasts the spifece of the

HE | NVENT 00041 T hi
Bh G R G Ths i bR (et nb Al S Bion s e idforesise
ph@a‘i&ﬁ‘l sudhr{Hﬁrhtdngloﬁeﬂ'@h Q&goxteoi cﬁrﬁl’)ﬂbf‘glefpﬁ%%s% rﬂafbrﬁl In

polysilicon |ayer is provided. A 25 hardnmask | ayer is
f drqmsle @mlttm@hpmrgssst imagagiald, theeaxposkdpbgioay as rgnovedsdnd in the

is forned r the har | aye The. hardmask | ayer
i §9%(% t‘?S%at’tVﬁrP BIgFFStsh @am'éf h@é‘ing’fpoﬁﬁ%?gl% '“H“”ofr‘?PPPé{“"fl
D%Eﬁﬁﬁﬁdtﬂa‘%ﬂém§ Kichdd'® @ﬁﬁ)(f@fﬂ%%d&%ﬁ %@ﬁ&n‘aﬁfr@)ﬂh‘ tHOBdas that
by providing a non-carbon containing i m gas
c orerd lohgey postygedbatie phofaresit mv@ertathramd |t1mr¢tg/ defippoadedired

r m ng hgla ma fromthe trimgas, and trimmng the

FEHESK. "e¥at%r es 30 are etched into the polysilicon

Iayer t hrough the hardmask. [0005] In another
mani festation of the invention, a nmethod for trinmm ng
a hardmask over aSPMMARY ObTHREVENITPONovi ded. A

Cc on free trim conpri si.n 1
?6(%4? To achieve the foregorlrt?g and in %ccordance with the purpose of the present

invention a method for forming features in a polysilicon layer is provided. A
hardmask layer is formed over the polysilicon layer. A photoresist mask is formed
over the hardmask layer. The hardmask layer is etched through the photoresist mask
to form a patterned hardmask. The patterned hardmask is trimmed by providing a
non-carbon containing trim gas comprising oxygen and a fluorine containing
compound, forming a plasma from the trim gas, and trimming the hardmask. Features
are etched into the polysilicon layer through the hardmask.

[0005] In another manifestation of the invention, a method for trimming a

hardmask over a polysilicon layer is provided. A carbon free trim gas comprising



WD 2007/ 143585 PCT/ US2007/ 070270 oxygen and a
fluorine containing conpound is provided. A plasnma is

wo coomagaBsBF om t he trim gas. The hardmask is trPerE82007/070270
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[0006] In another manifestation of the invention an
apparatus for formng features,  in an etch | aye
d P§b%5f§‘é16‘_ﬁ artBieFin s BingsaR TRy Ed 1Scnr%§%f§d/§d?}?a@a igformed from the
PRZHILESTRI ndMARl § riMpREOVI ded. A plasma processi ng

er conprising a chanber wall forming a plasm
p mmm Si nig anbéeb@nniéssedtion wf ehe 1avcs1mbs tan apparstup forfornfiag features
supporting a substrate within _the snma processi ng

cHapberh &gl derased undes @é@ngaék ﬂaéfﬁﬁﬂléPQﬁPd PBﬁierraé?@Gfoé?ﬁlsﬁ gnask is
t e
Ay RE 3 Hlainy Brde Ry A3FRePL R ERGlSNACHEHARP Gl forming o plasma
t prdchein dambepemiBas, lgulﬁshaté‘mepp@nﬂir@ﬁppoeuﬁg)ﬁ substrate within
sustaining a plasm, 10 a gas inlet for provi dléﬁg gas

i fhePlREn HIPERSAE ShHBRY SRS WRGHIIEYSUEHERWaIoF EOr Tagiiatng the
g
pﬁﬁegse@é‘.“n%% S BIOEER DhoRF ol A, 1R AP Blectrode for
S PLUVGding po@véﬂlbdh@plﬁﬁﬁzﬁlpﬂoeéhswzgtchaﬁlh& @ksumlfert sustaining a plasma,
conprising an oxygen gas source, a fluorine
c 8reaingtAgr RreWgHERLs dHe thegilpwea pragrssiag shayberienelgpuratany a gas

938’ X%auéaiél‘étgﬁg frgtn tﬁge fS:a &%r gACS?S?Ig h%g‘\rﬂ)gle %%:?odsu%é tppowded

gas source an
CGmngsz{neé i€ AiArdos R tiah Widahé gAAlepEOBMISHE aBBithgen gas source, a
conput er readabl e nedia, conprising conputer readable
c blyeringeonsziging ﬁgmph’éndn&%dﬁ‘a@% qndyte}olxsmC@a gﬁ:htgaé source. A
pggltltlo ey Icgrgtr glagﬁf co%rcl)e | to t % %9 aaststogrrcg %d {T%st ane glectrode The
COlTp er rea e Co e pa erne
habstrRRK cordpiek iableRg 0@‘1@ Wbﬁbr ﬁrﬁﬁdﬂiﬁhﬁ‘er@@ﬂﬁbfe%edla comprising
provi ding a non-carbon containing trimgas conprising

osggewictiradable cadsripheicling thei hardgaskdayss thiaughr hepneferegis mask

ol R N O ATk FhablisPa’ REAB AR e pateme

f aaRinREk Q:oﬁig@éiﬁg cbhpitel RAJABIE BbEASr pRNVHIFOIRGA-B4rbon containing
readabl e co for trimmng the hardmask, and conputer

r @bt eorgpridel fxygernehi Ayofieatantasing qo@ppwal from the gas source

| ysilj | t h h the h k. [0007] T
P PR b S indil e N e S slR FTH B smPU e code for
desielih 8 lakMa MRHEthe 28mdRL 3ink BRIpAW: kAdhthE coet Rl trﬁﬁmmg the

description of the invention and in conjunction with
t hardnfask,|aodicogpfifeg tnadable BRICEFOIDESCRE FERIUON i@F tiplpolysilicon layer

M%OOOS The present invention is illustrated

b gﬁ% and not by way of 30 |imtation,

\AEO(IO‘? ¢ fipue §n(P@C)thEIhl%atﬁFé§ QRRME R %Q%dﬁ%ll%%eh&bed in more
Ich'like reference nunerals refer to simlar

eldetrd el vaindhé detatddodescii@RA td i@vertionsind imcghuriotiee vith the

flol chart of a process that may be used in an
ollowing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference
numerals refer to similar elements and in which:

[0009] FIG. 1 is a high level flow chart of a process that may be used in an

embodiment of the invention.



enbodi nent of the invention. 2 WD 2007/ 143585
PCT/ US2007/ 070270 [0010] FIGs. 2A-G are schematic

wer@3a43eTt i onal views of a stack processed arCDUSI00Y070270
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to an enbodi ment of the invention. [0011] FIG 3 is a

schematic_vjew of a plasma processln cha er that may
bi&’lﬁ@ed IR o P A RES STCPRE FTRYEIFEH ggié ac P@Ce%sed

e d3rdihh WA BhGodmERTBI Sl SHRhCM i ch 1’5 sui tabl e

' enmenting a contro used in enbodi ments of
t [m)mn eseflG. Bny estheantic vimTd dﬁﬁlrﬂEﬁi@&s@iﬁg@h@erﬁhﬁ may be
PREFERRED EMBODI MENTS [ 0013] The present invention
wiped I GPHEINgdBTIVBREIPT n detail with reference to a
1 pr C
tﬁ%(ﬁgilco n%lg% i4§gB glgﬂé%%gdﬁ%g hfpuiéﬂ%gs‘%&% Y@ﬁlch 4&15%61%%8
despkhRhiifha coHfRleOuEdSP embf)dhﬁled&toﬁltlheSpraieﬁt ﬁrﬁbnti(ﬁf th
in order to provide a thorough understandi ng of the
present invention. It will be apparent, however, to

ore o bR SR oN BRI BRRFBRRED LR INGENTS

be practrced w t11out  sSUlTe Ul

smlsﬂl C el @bdent invBntinh@ll ﬂd@ﬁb@meﬁbemIdletaklrwrfmreference toa
process steps and/or structures 15 have not been

d a5 piestRd qmbj@traﬁmts thereof aerlupigatpdin the Aecoarpaaying grawings. In

th t
o RPUFu e BE TR nuph RN o RS e gt Bhptdef e yovide a
Pz ESh uﬂd@@fanﬁﬂlg dehdisi8éint vamticMIewiIMeipfafent, M@wever, to one
i nventi on hardmask |ayer is provided over a

pokilsd jn td:lg art] dglethe prsery inGAjion Flagbe practisecawgbord vame or all of

20 I 08
U3 sl 158 gs@Pecir BR s RS fafOSmpcrures
| fadOkdTBEen dQEADIAIN Achilas brdkP ndtABAResAriPPEHsEHR KL present
phot oresi st mask 216 is fornmed over the hardmask | ayer

ZHB@n@@tep 108) To provide the patterned nask a

be. fi d
PRGA] ST¢ e pRraetns G DR Db el ok LR bBe process
t TR b@: h&Pinkh2bodingi @Mhel 1HVen'f_il)ﬁElL Azfﬁrdrﬁﬁkq‘( 15}'?ér M prdvided
a partial trimin that the trimonly partially Teduces

t heenwpdlymlru:oa laxdaesstﬂfl:e]:i)él(IDFI(A %fSta th&@atllcagress watyorblé view of an

t he phqtore and the
FF%B ij‘%%f &VP&@ é‘&’sgﬁw u:‘hVeE H&19Bry @A%&aﬁq@aw i2frdyformed
bg&gﬁg } bgck H@y dmask open. 30 [0017] The har dmask
| ayer %12 I's opened formng a patterned har dmask (step

[0015] A patterned photoresist mask 216 is formed over the hardmask layer 212

(step 108). To provide the patterned mask, a photoresist layer may be first formed
over the etch layer.

[0016] The patterned photoresist mask 216 is trimmed (step 112), as shown in
FIG. 2B. The trim is a partial trim in that the trim only partially reduces the mask to a
desired CD. A soft BARC layer may be placed between the photoresist and the
hardmask, which become the level at which the PR/BARC is trimmed before the
hardmask open.

[0017] The hardmask layer 212 is opened forming a patterned hardmask (step
116), as shown in FIG. 2C. The photoresist mask 216 is stripped (step 120), as shown
in FIG. 2D.



116), as shown in FIG 2C. The photoresist mask 216 is
stripped (step 120), as shown in FIG 2D. 3 WD
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har dmask fornmed fromthe hardmask |ayer 212 is trimed
(step.124), as shown in FIG 2E. The hardmask trim .

D T0Bues HiamaraeRoima Gened Tam B TeGERRItI £ ok rimmed
a r

o gE By SO WREY SRR AN i AP HEL L Btdmask vim e
gméiadheis chiban fiebend tampriset expdentane affluociné oent&ining compound.
contai ni n conpound The hardnmask trimagas is forned

i Reerablyl e oW rrfeofix87hals grqatendhantbe HaWdag ok therfdporine
d
gllitgl'h?(%c)()nﬂ;og Ji T e ﬁﬂdﬁlgjs}i (glr egzll(ssig h@rﬁ&:h\ﬂlt{))ﬁ é}M H;ét e"lbhe plasma

respect yS| i con. rough st
128hs tmmabcﬁnzmkwd pedertblypooyitataa ihfigite s‘ewcnaity @ith@éspect to
features in the hardmask | ayers 212. \Wether a break

t RPUBIGRORt & Preak thioualysigp Gég kel ney herisovAhiosopplese the
ﬁnﬁﬁpﬁ GHRG AR lt%eslyrhfﬁg %]e(fp 2 %O\N{hg%l%? %x] EIT Hg }hd na%lkstep is

ysilircon [ayer rou

(slé@iedﬂaﬁe)ndg on tﬁ@?ﬁhﬁﬂ@idﬂtﬁés@géhueﬁﬁpcﬁmmmdﬂchFl G 2F.
The hardmask may then be stripped (step

sml in ﬁlecpolmmvxﬂéweﬁéw & Wéﬁﬁ@kglsthmhsrdn@%hé%@lw32) to

FoEPANTER SBSBp IS GBS . 98 PRl 8900 o

WEIS6)f 8¢ §HRE O ET1G 2R O Wisdthdr @Mardn@yR Ktrip ﬂ_heedéaﬁﬁd@%hddﬁﬂ.‘ﬂpon the
be a conventional silicon based hardnmask materi al,

whbesHIC gtetppligptign.is SiN, Silicon Rich Nitride (SRN),
Si 02, Egcsiland SiON. More preferably, the hardmask
mat er i his exanple was a dual Si OV SRN hard

[ OB2BdovRicRRRKOMBRI & hardBRkk %§f5rﬁ’1%ﬂ%de&Mﬁﬂys‘il%n layer.
hardmask | ayer (step 1 8). In this 20 exanpl e,

bdiht bandarask maf be @tqomeerktlomlu splggof BAR@)hamaSblrm@@al which

o SR, L T
1?%%1&%1 ht%e BRI R $ afdrialBSthi @ mb ReRad 4 (ME'ITEQ)I(USWhard mask.

A’conventional photoresist trim such as
p [Qﬁﬁldj i NgA @hploctsot esils was farmed aserghe haylmasielager (m@p d09X. In this

02, HBr, Cl12, He, 4, etc., I C formed into
§%‘ﬁ§ RO %‘&lre%tl[véﬁ% ngfﬁg%‘f}b‘%%sr pgd SWeFﬂé}PF Iﬁ@“’resm
plnﬁl%‘@ gnd e BRAR 16RAMGhIs ekh lesth'e%hétorecsf“sla GRRL 1163 WiBPR.
of a plasna processing system 300, including a plasma
pl@22$si rifhe photdre 3@ inasKivers phastnenmprdocesdil Ay A cohved@dnal
is an inductively coupl ed pléjna etching tool and

i REPIQERSISt Gy syehhas PRBieY Ehn RGN %ﬁsgé Ay one or more of O,
Pmﬁ?ég', a8 € f‘@i‘é%‘%}ﬁ& was formed into a plasma, was used.

[0023] The substrate may then be placed in an etch chamber. FIG. 3 is a
schematic view of a plasma processing system 300, including a plasma processing
tool 301. The plasma processing tool 301 is an inductively coupled plasma etching
tool and includes a plasma reactor 302 having a plasma processing chamber 304
therein. A transformer coupled power (TCP) controller 350 and a bias power
controller 355, respectively, control a TCP power supply 351 and a bias power supply
356 influencing the plasma 324 created within plasma chamber 304.

[0024] The TCP power controller 350 sets a set point for TCP power supply 351
configured to supply a radio frequency signal at 13.56MHz, tuned by a TCP match

4



therein. A transfornmer coupled power (TCP) controller
350 and a bias power 30 controller 355, respectively,

w@omnrnedssa TCP power supply 351 and a bi as poweeT/E8pT/§70270
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356 influencing the plasma 324 created within plasma

R e Rl ST ST 0

SHBH réft oY 3489 chStbQ té' P20 rh PRASHa RYamb

e L e A T o 3ot A Bfmber
n éf)diltvmhkle 3BQw1ntg@nargY@Ppﬂ:ss |ffon3$@PI cod358do plramna themipr 364 An

chanber 304. transparent w ndow 354 is prOV|ded

t epg%\&aﬁraf%pambweww é@%lsmr%i?ﬂ Dyshel e higee of sgpphire having a
Naialn?eté}lol ﬁ%l%%ng%%& anénq épﬁl%ﬁ) 8@1 -It_lccﬁ)l % ftlure?iﬁ %hé F transparent

'asma c pti ca y transparent wn
365n&£w&i©V|ded by a circul ar plece of sapphire haV|ng
a 5 dianet er of approxinatel 5 cm (1 inch) |ocated

| H00231 apeFhahies pewarcentgller ﬁé% Spfa R eAtPOIifeIIay mver supply 356
gg@ure @\E}?§ all Wsrlgr%g g{lﬁ rflglase’l%gtgﬁ RSk %?’? tf 91' &ﬁck

ured to sup

Skpo@bde 30$rleeht&ywbhm&h¢rp1mha pletnvss BB 51%atnﬁg>a alr@dn uaﬂfent (DC)
el ectrode 308 | ocated wthin the plasma chanber 304
cPEa b dectiode SP8 piidhehrdaptxd) toTerehicaissubpisiie 380 suel digesemi-

308,k ARBISE gyl SEQLVe @ substrate 306, such

pi ece, being

pl[(m;ms edA gh@%@y BedRfisHLRHaY saﬁ@mm BOAEs Hfur&Osi s68rces of
310 includes a source or sources of gas or gases 316

agtperagesd 1 aatawsl Vi Bsonaniid 31?)t05&1|1;§pl}’yth@ Reppi QhﬁmiSth

U|r d.for the SS t the pterior
G Shand REBLSTO s BN Rt Ry bR sl
lBﬁkﬂﬂﬁﬁnélﬂhﬁﬁﬁﬁﬁ@pﬁ@ﬁhé@bmﬁﬁwwﬁe%lQaﬁ@@ﬂﬁ%hﬁﬂ&h)ﬁnﬂ&d
320 and renoves particles fromw thin the plasnma

C emanes pg@upl% fipnhwithingdhe glasmp gharmlbay|384 angh magyainga particular

t hi 3 0027] At t
2%5?%%? “E%ﬁ?ﬁ%?§96%e[tenp£ratu?gpg;ahggfers 382

pIev27¢ed M"t&ﬁ%sathfbeco%ﬁldﬁé‘r 0% oRiols @ eRpkiafife 8f RG&LEE32

power ~suppl 4. The plasma 20 processing system 300
amrondadowudetheedlmdt B@S’lb}’; cauriling a kdater powey suPply. 38Fh elhe plasma

DB R DBy R0 P98 e E s ARSI AR 10 ult e

a pRRERM Ly séﬁﬁim%;”&l@o hM‘a%QnH?oﬁMHE@&b%é(Pr
|nplenent|ng control ler for con circuitry 370 used

i P0028Dodi FEntSst Ao find 4 ilrsesent compweasyitem.1360,GvhidlAis suitable for

S PGS S s RTRUS e e rsen

MaRXnRbY SteRk AT ALRR oﬁ@BQésﬁﬁ’e f)l’i}%maf"f(‘)rm of the computer system. 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
super computer. Computer system 1300 includes a monitor 1302, a display 1304, a
housing 1306, a disk drive 1308, a keyboard 1310, and a mouse 1312. Disk 1314 is a
computer-readable medium used to transfer data to and from computer system 1300.
[0029] FIG. 4B is an example of a block diagram for computer system 1300.
Attached to system bus 1320 is a wide variety of subsystems. Processor(s) 1322 (also
referred to as central processing units, or CPUs) are coupled to storage devices,

including memory 1324. Memory 1324 includes random access memory (RAM) and

5



integrated circuit, a printed circuit board, and a
smal | handhel d device up to a huge super conputer.

w@0vp138s syst em 1300 i ncl udes a nonitor 1302, PET/US2007/070270
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display 1304, a housing 1306, a disk drive 1308, a

board 1310, a a nmpuse 1312. 1314 is a
%%GL& kY meea ] QVhe 45 dintveld éaow inthe ﬁ%‘f éeﬂ\ﬁ a4ty q Fangfey data and
f
eir%%?@df@ Yhe Ehb? &glgy} %St?g % ?Joarn[dggzﬁlgﬂults EF&Sty él?gl'l toacfhnsfer data
Abhdohedctioms sty s bedirdutiondl32thnes Bothiod éhesatyiped yf mémorles may
subsystens. Processor(s) 1322 (also referred to as

c &t dg any bl piige amper-gad digrdesrigp Pelgw: o fixed disk
$t1§?@%eals%ec\6h £3 bi-dlrBGHANNS (ﬁﬁ?&%ﬁﬁgﬁév %ﬂoﬁlﬁaﬁa storage

I NCl udes random access nory
2 Gﬁl?a/cftﬁ InBmalPalkd hjfﬁlﬁlfﬁdn@?)(f) BheCcontpaéd-redilaylemesdia fescfdd below.

well known in the art, ROM acts to transfer data
aﬁd‘edldﬁ%? Wétmacyrbse s tq:ﬁt?rém&sﬁlaﬁ |data, and the likpand ity RaRHY 2

' §eddﬁgﬂy§ %é&fur%?s&chaag ﬁfh%[éiocgﬂi)Q?at?{ﬁgo{V&S&lﬁﬁj gﬁfggﬂﬁstorage. It

tlona manner ese type

rremb bt @ppre@yted ithue khedafoamylti Siutetamddewdintfixed disk 1326 may, in
comput er - r eadabl e nedi a descri bed bel ow. A fixed di sk
5 2ROBrifte cajes dedbeApateliin rnded fashign|ay virgiabmgmpgpip: memory

kLS °1‘(é &% b?edcﬂ%ﬁ i?ﬂﬂh e?%k@t}?etfi%ﬁﬁ‘%?an FERRE %%Plgglqreg@fﬂe

al' so0 uter-rea
da&ﬁkuhsdﬂbﬁnﬁmmv Fi xed d|sk 1326 may be used to store

prograns, data, and the |like and is typically a
&Q%'ﬁih ar yCEHdﬁaées %@ﬁqulﬁieeiédéwaa@y af ippHogpaidevidgatsuflsas

R SR BB RO T W PR S

Maput/bitp &Dd@mrrﬁ@rb@t@ Fasaso diRflayd) 6REPBIIRL kel Reyboards,
standard fashion as virtual nenory in nenory 1324.

R@fn@mamr@s dpudh- %mverdxﬁpkaak éramsﬁblwmand @fad%rﬁyn@gnetlﬁ er paper tape

ut er ada nedi a, des

eLs tagfgs q u%gl é(&lc«f, 8r lg‘a g/rr tl&g);ec&gn z%rﬁulf;) E}B]S lreaders or
d Sttt ESmp b NCRY 13dD %gﬁ@dbll}%% bek:%ﬁ?l@é ksl aﬂ&ﬂ& cofipH&E or
1312, and speakers 13 ener a

i memmwmwmdewt&v@rkmvngmetangk ioferfage J;I%) sttblsaglsa network

t it o &5 orlFaifg g B2 Gl mahy SRAREPE natianfram the nework,

NMBgRgHt Guut RAGETatbARS the MRAMSEK $n tHe@BLAE Sf a%a&hﬁaggﬁle above-
voi ce or handwiting recognizers, blonetrlcs readers,

0 descabhémed@dptcpe r Burti@Pigole3d aR thpgdtendedirhgntsrefythp resent invention
cou | ed to gother er or telecomunications

Ixﬁculﬁesf Y HBPhG & Y EX§UDO VNP DEQJE UG as the
n %t%%km%@njuﬂ&t%tf R a rérhote @Pipﬂlta? %&@ta%rﬁﬁ%f thg' rﬁnroggsls’mg

receive information fromthe network
o{ﬂ(ﬁlli] i nihaddeion cembalimbes e thagrésentnintdmtion cﬁumtlme rcdf:lte to

FEPP RIS REEROA LIRS BRD B @Uihhave computer code

| e 8 performing various computer-implemented operations. The media and
computer code may be those specially designed and constructed for the purposes of
the present invention, or they may be of the kind well known and available to those
having skill in the computer software arts. Examples of computer-readable media
include, but are not limited to: magnetic media such as hard disks, floppy disks, and
magnetic tape; optical media such as CD-ROMs and holographic devices; magneto-

optical media such as floptical disks; and hardware devices that are specially

6



may execute solely upon CPU 1322 or may execute over a
network such as the Internet in conjunction with a

WO 200011¢358€PU t hat shares a portion of the proceBSI/N§002870270
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[0031] In addition, enbodi nents of the present

invention further relate to caqonputer storage products
WEPHIBIROIRTE ALY BERGRIS| RECFFRR OHT-tHE AHARPECHERmIEEiIC Integrated
c ot n ' ' .
IO B BRI OB MEC I3 and ROM ad RAM deviees
¢ Gpmples of calepurerycode indhokensihéei aldeysude ss prodacedty a compiler,

constructed, for the purposes of the present .

i AVEHtS sANtaing Haherdeyr! prrednat e etgeHgd W21 coORPYLR, UsiRg an
ayaj e I sblbel i
SUPIERY SRS R OdaE Shbge PuRlS, FATFived by
I eeimpater dbatigatlenttodicdiing cediel oavéemghepiesemingdiasequidbe of

as hard di sks, floppy disks, and nagnetic tape;
optstieglionydbnt aresgreputakle BpARRESS¥id hol ogr aphi ¢ devi ces;

o- t . : ai _
hgrg re "g[gev}#ag%éaﬁa &g?d g?ﬁ;&ﬁle ieg%qo@teécl\?@'zl%%éﬁvl%gggﬁ hardmask
PepédIn206d (a0 ARh peoniflésgiliedmhsk e lts aNsheet &gdtt 6f the
program code, such as application-specific integrated
cifelbying (IastEsl;, Ghty g$gﬁﬁrﬁ9ab4\lé Heo Yo cetel eRiictasably.p fipyine based

?%giﬁﬁﬁaﬁﬁﬂﬁgﬁﬁkgﬁéégggt Exanpl es of conputer code

such as produced by a conpiler,

apeb3Bi | esTIOsHoadrBdi Gy Riseiped (garel 200 0 decdnladtichtPashing using O,
executed by a conputer using an 5 interpreter
Conp siridpingesas sob esadaditlis msgmpleso be conputer code

t itted by.a —conputer ta. si | .enbodied in a
ARPRE, P oo Bt bR 2B Re BRREN i Moflaes
| REldathGk R Sad, Retictalk @a® ¥ e Giek aldrecPorPedPkREIRS SAHd: comprises

[ 0032] The hardnmask | ayer was then opened (Step 116).

Aosygenant iadharing aeriamngle coopenndralrefrsablgdhic tlmirats of oxygen is

provi des har dmask as of one or nor the 1l
Faieelst o TaRe R TR Spg PG St Rlocp g by, e
Prabsré&ntainidg @bl iPAI8L 0RBSH 15 ana 8F,aMdBPreferably, the
primary etchant. [0033] The photoresist was stripped

( Slopprak2d)Q: iAgrotey SranitonBdw aathioh§FusidigF 0y grasfeiathan 5 times.

| ppi d.jn thi . [0034], Th
b Mt e RRwd be PR gienish R HE R bl b ANE: by a
POV HBS ifes. 1@6?@5@%%‘ trgrili’] gﬁ@ Hagmbowiee N ﬁiscécraﬁl%([jb, g}fe%orine

(non-car bon cont ai ni ng conpri ses oxygen an
f compomeat sditisailhe hgrdoowkb oungas Brfefrerdabloys plasrea.f Tlaeaplasma trims

rate of ox nis reat.er thap the flow rate of the
fﬁ@%%ea%ﬁggfﬁfﬁa‘%&mgm IRt eSeTEr By ihyesherio
;hggﬁiﬁi@&.cﬁﬁkﬁéﬂm@%& 9%%rdrﬁas%ttﬁhle@%%dewgﬁﬁsu%@f 10

NF3. More preferably, the flowrate of 02 1is

gnekltrer 1000avattshee dipdind thadeghothe TEF @ldBSBFA im gaeat2®0 sccm O,
t Du?(? 1? séclmnglgé is provided.

[0035] In this embodiment, a break through etch (step 128) was not used. In other
embodiments a conventional break through etch may be used a fluorine based break
through gas, such as CF4, may be used.

[0036] The polysilicon layer was etched (step 132). A conventional polysilicon
etch using a polysilicon etch gas of SF6 and CH,F, was provided. Such a polysilicon
etch may be performed without a break through step. For HBr based polysilicon

etches a break through etch is preferred.



20 More preferably the flowrate of 02 greater than
the flowrate of SF6 and NF3 by at |east nine tines.

wore@7asEBS y, the trimgas is carbon free. |In tPCBHUS2007/070270
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exanpl e, the fluorine conponent is SF6. The hardmask
nto a asnma. The pl as trins

¢ RO A Eibo SR neseBy e ot tirbionti St A pigmve process

s i hi

; BLAEA kbl bRRIEL 1P RO AT G sSlo FEATR Fory

25rcrtﬂ'@1ve SiQ0Her wadritlse polesikipl. iThd thih rpoetgdti vieleyef GROvEdes linfinite
353. Atrimagas of 200 sccm 02 and 15 sc¢cm SF6 i s

pPEeTHY. Wlflom@qct 1°rP°t1Yﬁﬂ§°§nbAc§cﬁ rﬁ@ﬂt thed’%Y%éQ@ntlﬁPQfLﬁéﬁlaged or

e

cotled BB che raAs [, WEERpreBn@bliRtim REIGYEREID B shaping

bﬂ&qﬂulﬂ@;ﬁlﬁ&h préfiieough gas, such as CF4 may be used 30

[ 0036] The poI ysilicon | ayer was etched (step 132).
t i ofaddigionyy ringsing te krdgasia dpsa tippmyng of; tb@ﬁhotoresmt

a@k Qslal%%ﬁ) [redSE@eEfHﬁjl %%ggthgﬁ?otgge%}élt 91%?1% al‘g'éJ %hl allé/ rlgduces the

t Iﬂﬁaughs sitap h(ﬁ@fesﬂsBerlﬂﬁﬁéh @ﬁﬂlmﬁﬂgldf@w}pho@drem&n@k causes
break throug E etch is preferred. 7 WD 2007/ 143585
PEretig2olhe @h@ﬁzlmlst meEsE|ovey tlwaml@g plethp @h@tpfﬁStSé@laﬂy which

t Igz%?s%é/ deflects lhnsthg?flzaltlgr\é%e gc}tleh ; tottlﬂ n\Sll ng I VE Ces edpge damage
provides a Frm Ih oxygen “of

t EafhBg e lcOuel By |t1ﬁ15€plﬁ)tc5r9$1§t tﬂfrptaﬁ: @ﬁle(ﬁm%hthﬁlkie pro?uRe that does
the polysilicon. The thin protective |ayer provides

i ﬁpitﬁlmﬁlepéleto&ﬁﬁtw ty with respect to polysili con As

GOERY' ¢ R ERSEE PR (RiRR i ERERTS Phecfefi e e
| R ﬁ&%'vﬂﬂloﬁf w§ﬁ@1ﬁhg Gine b& POlYSihs. RN bdHeOEd 1h@t the presence of

[0038] In addition trimm ng the hardmask, |ess
t pan'mn ﬁ@n@freﬁlwsmwblpbn@sfraﬁ ronghekng.s requi red. The

- SO0 Rk s BRRREE T Herb e eBar B o S hpasferred

t einBBYiRenef tHeRearP Hﬁé@ﬁ@ﬁs' ﬁl‘bdﬁ‘ﬁ%oﬂ%a a’e“rﬁr%ta’tf%nﬁ 208WhAGuOf
t he photoresist nask to over thinni ng of

phdisttes eq@tivatersk , whith faﬂi WIdanl ﬁE&GCdpef @Coths 1nwnlt1he It should also be

f eat yres etched |nt e dcon. To furth
T St 0 s DS T e Vet P pianfe Hifn R

U b ShratBees S RRMIBRAL mr\r@Mlokﬂe 105K Qyer S48 {hRAke H@8Ethe BAfowing
trimthe photoresist. [0039] The absence of carbon In

t hppdndedaninvebepinecsedak leu@@ﬂibwcmaheraed@i‘ nﬂcﬁlflcatlons

F R T WTIEC A E -

r 88 idYeSentitiGltiohncr ease rougheni ng.




[0040] Wiile this invention has been described in
terns of several preferred enbodinents, there are

wa@bkdaoenagssdns, nodifications, permnutations, andPEBUSTINF070270
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substitute equivalents, which fall within the scope of
this invention. It should also be 20 noted that there
are many alternative ways o L nmenting the nethods

awhat?ggagi%td%es of the present invention. It is

therefore intended that the followi ng appended clains
bd. i nt ér preie doaferminglferdunegired polgtiitoralhyerr atnmmizeng:

nmodi fi cati_ons per mut ati ons, and_vari ous substitute
equi valfentiag abandmask gverewer theolysilicos vert and scope

e UsS BB BB it AR APEAARES 6. 1 A
met hod efcingfthe hardgafieAyerrteouph thee fhotoredidtinteR té fyrera patterned

conprising: formng a hardnask | ayer over the
pOryigiaskicon | ayer; 5 forming a photoresist nmask over

the prorarats oPSelem® AR, B | Pl omsk,

trimm ng thergadihg b nea chidbd deustkinirpopd &5l dogiprigih@\oixflientand a
a non-carbon containing trimagas conprising oxygen and

a flugang ¢qudrining cemrP@idii ng conpound; forming a plasma
fromthe tri . Aan rl Ao t he hardmask; and

et chi ng fea{%]Fglgg?H?‘g&F#eo%gﬁ%@% aé’oar?lal ayer through

t he har dmaskim#inglthe haRintiek;, ands recited in claim1,
wherein the trimgas provides an atomc 15 flow rate

of oxygehingtaatujes ige et plysilien layer drowghcthe hadmask.e of

f Luori fr mdthe flyuorine co tai.nlhnq.co ound(.1 3. :
The met Rod oUash Farsritati o By VoK HiSiEmes Profdsdn qromic
t e whatfetbTRskgdn thi is Brealel €5 adAtdniit iffowt RiteSEH fRGkiNY ifloyh the
Wth respect to polysilicon. 4. The nethod, as recited

i Alugrige eintaniggeempodnd. urt her conprising stripping the
2Q har sk after etching features.into th .
201 yai 1TEH Ry & ePhFClagy oh Bt FradhSet B paramagh i
aprdvedds taf AnfiftcaRMec@fityelvth i pdctdo p¥lydliesd) the fluorine
contai ning conpound’is SF6, wherein a flow rate of

o¥ygen The npthegt ey recierhinfany ef tlames |-BHerthdreamprising stripping the
hardmask after etching features into the polysilicon layer through the hardmask.
5. The method, as recited in any of claims 1-4, wherein the fluorine containing
compound is SFs, wherein a flow rate of oxygen is greater than five times the flow
rate of SFe.
6. The method, as recited in any of claims 1-4, wherein the fluorine containing
compound is NF3, wherein a flow rate of oxygen is greater than five times the flow
rate of NFs.
7. The method, as recited in any of claims 1-4, wherein the fluorine containing
compound is at least one of SF¢ and NF;, wherein a flow rate of oxygen is at least nine
times the flow rate of SF6 and NFs.
8. The method, as recited in any of claims 1-7, further comprising trimming the
photoresist mask

9. A method of for trimming a hardmask over a polysilicon layer, comprising:



rate of SF6. 6. The nethod, as recited in any of
clains 1-4, wherein the fluorine containing 25

w@eopoessss i s NF3, wherein a flow rate of oxygepCi/8S2007/070270
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greater than five tines the flow rate of NF3. 7. The

met hod, as remte) any of clains 1-4, E)((ﬁelanthe

f1 uor i REVAYRE A1 RY freE SAREOTRISRE Prger 2 a flgpringrgpntaining
apgmphigg; Wwherein a flow rate of oxygen is at |east

nine tines the flowrate of SF6 and NF3. 30 8. The

met hod forating eplai@d fiom eeyrimfgas] amdns 1-7, further

conpri si ng trlnntng the photoresi st nask 9. A nethod

of fornpppﬁﬁiﬁﬁ hardigsinask over a polysilicon |ayer,

cqgpr ' E['hg gnetho% %peglggiqn]cﬁ%ga}s \X/Elge/lyl?h%qu %&Z %gJ\Qdes an atomic

providin ree trimgas conprising oxygen an

a flohwuatel af @xgzgnmt taatrik pEatet drpay raebrmf: dlom g & fhlogisadrob thm
the trimgas; and trimmng the hardmask. 5 10. The
nEAGEE ¢ aipipgicom@orte.-cl ai m 9, wherein the trimgas

P ?Vl d%e %{et dogg 1%c1téci 1 }'%ng ak gla%s @;ttf g\?ﬂergl_tﬁ%le ?ﬁdmasl}]trlm

greater t an atom¢c wrate o uorine frromt

f protdasan ¢ofiviad seleogvieowppungect kd polykilicoret hod, as
recited in any of clains 9-10, wherein the hardnask
t ABm Etleme&égi anrertigd inians of elisey 9 ¢ yhegpinihe Bugraercopgpining

p?&%ﬁsthgf‘i) ?Fé,kﬁte}én aH[?) t&"oqc o&lPis e %'ter?lﬁjan' f“ve"’tﬂ}{es%e e flow

erein Uor tal i ng
I satSEBSFavherein a fl ow rate of oxygen is gr eater than
five times the flow rate of SF6. 13. The nethod, as

r déi t edhi meshng, af regited ingng of ¢glaimihdd &j wherpia the fleerningecontaining

CQOLALONAO NFEOTROUAS 4y M2 or JISER | bl Bk B8 @ e slow
leéieoﬂNF3An apparatus for formng features in an etch

| ayer di sposed under a hardnmask ayer di sposed under
alphot émempgltatwglkfor@mtfﬁttgteﬁ d araetpf\/ typpdippasedyrdetig hardmask

r wall formng a plasm

C PR pori TR 3 O ior &y S ATR onBlslnel L1 19, & DL SO0,
for suppeishiaf@odsShPshanies dhiphisihgt he pl asma

a chamber wall forming a plasma processing chamber enclosure;

a substrate support for supporting a substrate within the plasma
processing chamber enclosure;

a pressure regulator for regulating the pressure in the plasma
processing chamber enclosure;

at least one electrode for providing power to the plasma processing
chamber enclosure for sustaining a plasma;

a gas inlet for providing gas into the plasma processing chamber
enclosure; and

a gas outlet for exhausting gas from the plasma processing chamber
enclosure;

a gas source in fluid connection with the gas inlet, comprising:
an oxygen gas source;
a fluorine containing compound gas source; and

a polysilicon etch gas source; and

10



processi ng chanber enclosure; a pressure regulator for
regul ating the pressure in the plasma processing

webarhedssencl osure; at | east one el ectrode f orPCT/US2007/070270
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provi ding power to the plasma processing 25 chanber
encl osure faq sust ng a plasnma; a gas inlet f

provi dAcgng fiCPFEt 1 Ly a%fﬁwﬁ ﬁ[{g%é%ssﬁ%ﬁﬁeéﬂéf;ﬁ?&‘?ea“ one
eg&keﬁgggenl gas outlet for exhausting gas from

t he plasna oc ssi ng chanber enclosure; 30 a gas

source in fhtuledstoaapectsson andlt h t he gas inlet,

conprising: an oxygen gas source;  a fluorine

cont ai ni ng EOMPYEHEFIGRNC %@ﬁ@c@“m%ﬁggza pol ysilicon

etch gas source;

PCT/ US2007/ 070276&%“%{3%6:04%%%‘?&%%%?@% s Rardrask dayer frough

t chet piotgeasdstsmisk ce famch phermed Haﬁmsatskpne eI ect r ode
conprising: at |east one processor;

readabl e nedi a, e%%v%xeﬁ@ablﬁscwrfﬁummméélafamt@ﬂ@éd@rdmask

fggmghgﬁéng the hardmask | ayer through the

photorestst nask to forma patterned hardmask

conmput er readabl e codeoinpiitet feadatilnigodetfer pratidéfgeton-carbon
har dmask, . conprising: conputer readable code for
pFWF"é‘i%gmHl FROFOBRFIHEA OXBewoE i THiosige ppliltﬁangwscompound from the
c b ound
gﬁﬂ%uaéeﬂﬂro%gﬂ %%[g ?tﬁn{o tﬂg[a E&a gg&s&fsn glgp Che

plasna processi ng Chaabmpuwﬁﬁﬁ@ﬂﬂ@&x&&aﬂﬂbmﬁgaqﬁanﬁ@ﬁonnhe

formng a plasma fromthe trimgas; and conputer

r §daaBs:endode for trimmng the hardmask; and 15

comput er readabl e Codeduke ey E56000, 68 85hthhbiask; and

polysilicon layer thr
computer readable coded for etching features into the

polysilicon layer through the hardmask.
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