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‘present i ngenbiM7Iel ates general ly to etching wafers, apgrRRIgBsn24137

particularly to a nethod and conposition for use in etching wafers used in
the production of sem conductor devices. BACKGROUND OF THE | NVENTI ON 10

* Phot ol i t hogr aphMEBIQDIEND UOPOSITIONS F#OR HARDENINGPHOTORESIST INn t he

production of sem conductor devi cEim(‘Lﬂg&&e ' e to perform
photolithography with 1light of a to allow a reduction in
the design rule to create smaller sem conductor devices. For exanple, 193

nm | it hography using an Argon Fluoride (ArF) light source maybe used to
obtain 0.1, Mnto 0.07Am si zes. AfiE&D QF 3&iH BYVBNTIBGNphot or esi st materi al

has b i ded f .h d f the waf b
otched A% ar o nugBEPreBR PP e B BT A Grne SRR BH of chem cal s

have been uspghtittiailfits Pagiho AR cOMbERHEE U BMREHIGSwhitrustl St for
etching wafers. There is a conplex interplay between the conposition of

the etchant geEduetnm ofsemicoatiugiers ¢ryi®® et ched, and the operating conditions
of the plasma processing device in which the etching is carried out.
Different species of the plasma can be active in providing different
effects on the wafer being pBNESSROUNIY ODOUER INVBNTIONas been used in,
the past as an etchant for etching a polysilicon layer in a wafer, with the

brom ne - jepeci &S | PhdBRBLABHTRisRIIAY 36 fof BakdiniBl phb R Suailal i hé CON
material. 25 However, etching can have del éterious effects on the

fabricati on opradactioneed semiconudior dryicss.. It pdessablapt porfarhephptalitpeaphytwith

material itself,c ngi.al repov.ed. Whi ch .can .expose t he. area
that the phot i&%}étsoﬁg tsg]%%ﬁ?aﬁft%feeglgg] F %tagxgrac}'? g'%\r(‘."n K}V\@S %e§lﬁ% e E‘ﬁ‘gﬁaﬁle Elﬁ%ued'au se

t he phot or esi s¢mivBhdAcionIdetiOes] Ho@eRABble} 1935im HiMdbfphi Osinp bA A¢2dSRSoridd1e
features resulti ng frometching to be deforned. For exanple, the intended

feature 30 of (AFg{ighi sHrcernanhe wssdteobfainiel MmierQ.adnpgizem difisr egatiern of
rack actal| T agiest PRl 8 bl ohélfuadh FEME e SB0E R oM b e

phot or esi st nhteichad. caused by the etching

A large number of different chemicals and combinations of chemicals have
been used in the past to provide active species in a plasma for etching wafers. There
is a complex interplay between the composition of the etchant gas, the material being

20 etched, and the operating conditions of the plasma processing device in which the
etching is carried out. Different species of the plasma can be active in providing
different effects on the wafer being processed. Hydrogen bromide has been used in

“the past as an eichant for etching a polysilicon layer in a wafer, with the bromine

species in the plasma being active in etching the polysilicon material.,

25 However, etching can have deleterious effects on the fabrication of devices
from the wafer. For example, the photoresist material itself can be substantially
removed which can expose the area that the photoresist is intended to protect. Also
the etchant can cause the photoresist material to deform or twist, which in tumn causes
the features resulting from etching to be deformed. For example, the intended feature

30  ofastraight frack could be well defined by photoresist material. However, etching to
define the actual track can result in a wavy track actually being formed owing to the
twisting and deformation of the photoresist material caused by the etching



8 March 2007 WD 2004/ 017390 PCT/ US2003/ 024137 mechanism The inability to’
control the shape of the features being etched can result, in thidaghped7
case, in dewheebajlure, or at least in non-reproducibility In view of the
foregoing, it is desirable to be able to use a | ow waveP&TgtRIRYPDr esi st
material for defining features which are well reproduced by an etch 5
process. SUMRarfim T e iNYENT L Ddnfiolib BRbofTTihe kbR i 2\@bIRE BaYisng, 2
pattern of photoresist material thereon is disclosed. The nethod includes
curing the pHbolsMessisasean devieg fajlpichorpt fnaghinmeniepredueibility.ng pl asna.” Then
the etching of the wafer is carried out. A nethod for curing a pattern of
phot or esi st mat er avieshofdhediregoing itdk desiratiledo beshlt.to Tihea tot adelenyth udes

provi di ng a brom ne, cont aj Ri | asma. The. , phot o esi S erial. is exposed =
Dot he pi asmirotre iy Bl fos B8R FMBinponfich &0 il v ddest bhah Bichay 15 not
etched t iy oughhcedd A conposition of a plasma for curing a photoresi st

material on a wafer in a high density plasma processing device, including
brom ne. A nmethod for etching a wafer having a pattern of photoresi st

material thereon is also disclosed. The nethod includes providing an

et chant conposition. The et cAEMMABYOOETHIHINYEMNIAGNes a pl asma active to

tch | ft f bel the_.2 hot i st terial. A i
Contarnt arCh) S A g o e b R Be s ReRE o SHD TS G AL Irog
active to hajdfslda. NSRS HEuAR @Fihathe pﬁol@&emaﬁét&ﬂwﬂ{aﬁﬁom@g a

waf er having a pattern of photoresist material thereon is also disclosed.
The conpldsi t coraigbigplrges Bhan theeloking bbtheorafer isfchmsd olidr ocar bon and a

brom ne containin 25 BRILEF | PTIL ON, OF, THE W NGS The
Thvent onet oget har Rt e R PAUTE S KR P RL PIIal g RS Ped

under st ood byistieted. eNlemeihol ehidek hwdig Bbewhing toMmlintakdina) THNj unction
with the acconpanying drawings in which: 30 Figure 1 is a schenmatic cross

sectional vi ehpteresist watcaial tsiexpped fo Beplasmad A layer of the wafer below the
photoresist material is not etched through.

15 A composition of a plasma for curing a photoresist material on a wafer in a
high density plasma processing device, including bromine.
A method for etching a wafer having a pattern of photoresist material thereon
is also disclosed. The method includes providing an etchant composition. The
etchant composition generates a plasma active to etch a layer of the wafer below the
20  photoresist material. A bromine containing plasma is also provided. The bromine
containing plasma is active to harden the photoresist material.
A composition for etching a wafer having a pattern of photoresist material )
thereon is also disclosed. The composition comprises a fluorocarbon ora ”

fluorohydrocarbon and a bromine containing molecule.

25
- BRIEF DESCRIPTION OF THE DRAWINGS
The invention, together with further advantages thereof, may best be
understood by reference to the following description taken in conjunction with the
accompanying drawings in which: : _
30 : «

Figure 1 is a schematic cross sectional view of a wafer on which a method

according to the invention can be used,;



according to the invention can be used; 2 S March 2007 WD 2004/017390

PCT/ US2003/ 024137 Figure 2 is a flow chart illustrating the step&Marhgpo7
_exanple o , od of the invention; Figure 3 is a schematic cross

sect i onal (vﬁ@@y@&%b waf er on which a method. according ttEHHEPAFERT i on can
be used; 5 Figure 4 is a flow chart illustrating the steps of a further .
exanpl e of the matipad 20§ 2 FB® dhaMeMMsutlng HHeGtHps Bf Bfex Blo df fac hRERRLIA Vel y
show el ectron m croscope pictures of cross sectional and perspective views
of a wafer ettBpEyenlé®@rding to the method illustrated. in figure 2; and 10
Fi gures 6A, B and Y . I ) ,ctures .of cross
sectional and persbg)E cfj?'@gg%/#hg\%{saﬁgg%ng\%%bgﬁhgg&ﬁg%ggvg%gggs’%g I}%mteﬁjé’drret hod

i | lustrated deBosdingud¢hedinvdmioh loen bé gssdes, |i ke reference nunerals refer to
| i ke conponents and el enents. 15 DETAI.LED DESCRI_PTI ON OF THE | NVENTI ON An
enbodi ment of t he FiEWEAF 8 flof shprtillvsiising thssteps o a Hrther exarepleatther o
figures 1 an ' Wws a schematic cross section through a wafer
100 at a stggéhag??ﬁg%%‘%gﬁ abrication of a sem conductor device. A feature
to be fabricated iFiguehdAdBand € respediefdly eibvbyledte@nmigpbsetpe peiusds ofckasi al
102. Herein, 193n hpt oresi.st .20 materjal |s used.to refer tq.

ohot or esi st EPETIAL{d PERTPERUYF HEvpat 1 Hptreaths 16ariRg oribs motind iflvstratnch
193nm Suit abhe N apterials inccude alicyclic methacrylate (acrylate)

as provided under the trade nanmes PAR 707, PAR 723 and PAR 710 by Sum tono
Cor por at 1®n. O herFigwks 4] B and Sresyshbvaly slivs cleohoremicadscopapictndes aficodssc

ol efin/mal'ei c_ anhydrjde . as provided, by JSR.Cor perati.on,..Shipl.ey
Company L SR e intE o Biter St ot bR ROt
feature 102 iig fpp@yaxi mately 26001 thick. Typically, the thickness of the
193nm photoresi st nmaterjial |ayer is between approxi mately 2200A and 3300A.
Phot 0 i magi ng pr odadbeEigkisslikeirpleraise apmeralggplen bo likeepmponenis and elements.
phot oresi st feature, which fornms the photoresi st nask. Photoresist feature
102 is above a layer 104 of anti reflection coating

15 DETAILED DESCRIPTION OF THE INVENTION

An embodiment of the invention will now be described with reference to

figures 1 and 2. Figure 1 shows a schematic cross section through a wafer 100 at a
stage during the fabrication of a semiconductor device. A feature to be fabricated in
the device is defined by 193nm photoresist material 102. Herein, 193nm photoresist

20  material is used to refer to a photoresist material that can be péd:teme& by radiation of
wavelength 193nm. Suitable such materials inlcude alicyclic methacrylate (acrylate)
as provided under the trade names PAR 707, PAR 723 and PAR 710 by Sumitomo
Corporation. Other suitable 193nm photoresist materials include cyclic olefin/maleic
anhydride (COMA) as provided by JSR Corporation, Shipley Company, LLC and

25 Tokyo Ohka Kogya Co., Ltd., and similar. Photoresist feature 102 is approximately
2600A thick. Typically, the thickness of the 193nm photoresist material layer is
between approximately ZZOOA and 3300A. Photo imaging processes known in the art
may be used to create the photoresist feature, which forms the photoresist mask.

 Photoresist feature 102 is above a layer 104 of anti reflection coating

30 (“ARC”), which is typically between approximately 300 and 800A thick. The ARC
includes bottom antireflective coating (BARC), and is typically a hydrocarbon based
material similar to that of the photoresist material. The wafer 100 includes a

hardmask layer 106, which may be made of silicon nitride (SiN), which is typically



30 ("ARC"), which is typically between approximately 300 and 8001 thick.

The ARC includes bottom antireflective coating (BARC), and is t%/')ﬂ?fé’a?‘?(y a |

hydr ocar material simlar to that of the photoresist nmateri
The waf es"?@&@ﬂ.ﬁ’% Pldes a hardmask | ayer 106, which may Pﬁﬁtﬁé‘t‘i’é‘mﬁ”%l licon
nitride (SiN), which is typically 3 8 March 2007 WO 2004/017390

PCT/ US2003/ OgsblidaRaly 500 walooh L. 19 124A0hatid o bkl b 146 REQBLI Ve, the

hard mask |ayér may be TEOS (tetra ethyl oxysi i cate), | i"con Oxi de, or a
conposi t e of TERS (tdvawthyarysilicats), silizon oxjde, oph comngeateewfﬂqwboyea‘nmla | ayer

O s anOELEn Bk 9 1431680, OR00R bt puBRul IRl ATl el B L0
gate oxide 1Eélmb1i1dleﬂltt| mgﬁdve driveaspacd; ifbllovadd IBUbRYENQ ok pblysihiesh naaterif er
substrate is an inter ate product in the fabrication of a EDRAM or DRAM

devi ce. ¥he fiﬁb‘ﬁ’dﬂéﬁélf’gﬁﬂ 13# 19 preluded,abeke asilicon pubstaie e, SWh%h i s to
otching of ¢ NEthay s ?ﬁﬁﬁ‘ﬁf@&fﬂ% ok R B A ARBNBEn POV
patterned todepm@duce wi |l depend on the deS| gn of the chip. Di fferent
types of features_can be defined hot or.esi st t For exanpl e
t%g phot or esi st ngvg%PlP‘&Pm Wﬁ@??ﬁﬁ)@ﬁﬂg‘% a fpe eaﬁ‘re’g"’%liﬂgt%l%%ﬁ@ﬂagfg% LYIrJ e.
Figure 2 shoyg JJN%mguatédwaaﬁmﬁﬂes.aurgew@féy&@f?m@bf\fﬁy‘%fef éeature

can be etched The nmethod can be carried ouf using any plasma I ng tool
or devi 3@ 15feapmptiof &emommma@aélﬁpaghMéMpmu@ wﬂh&peﬁﬂmnﬂiﬁ@signol s

el uce e TER A, ey BB RS SRR bBARSe ShoBh S S, L,

as provi ded by Hniplede Wab@Edsat ﬁa,atéﬂapeantdbﬁne 2E6M drqofrs op*‘tg”\/éﬂiﬁéh R¥rfokyo )

El ectron Linmted and the ECR famly of tools as provid i tachi Ltd
are’al so sui Figptee2 sizovsmhowehabidlustaings: mathed 26A by athigh ﬁlwiemrepalmbc hod. In

Stabi |1 zed vebigh TheBRbPEaRe B Sl Sne E R RN NIt S e

t he waf @s. i SG@@b%ﬂpyo@bﬁig@lugmda&uwmsmar Soashls kdols memawlerrﬁcpﬁlﬁily bf om
| ayers bel ow and unprotected by the photoresist material. Any naterial

renoved by tnlésreaarﬁcﬁwtﬁﬂﬁvaﬁ%%@r% P Liagn Retearchicipiationef Esmenbu| d not
be sufficienpy tfd 159 ¥nit\ofiBbls Hhd stk a8 brovitfod ¥y Alpifas MMtehAE BOGhOT esi st

SCCM tools provided by Tokyo Electron Limited and the ECR family of tools as
provided by Hitachi Ltd are also suitable.

20 The method 200 is an essentially two step method. In the first step, the
photoresist material 102 is hardened and otherwise stabilized without significant
etching of the wafer. In a subsequent step, the wafer is actually etched so as to
purposefully remove material from layers below and unprotected by the photoresist
material. Any material rémoved by the bromine containing plasma is not intended, or

25  should not be sufficient, to remove an entire layer of the wafer below the photoresist
material layer. The main etch step etches the layer of the wafer in which the
structural feature being etched is defined.

At the beginning 210 of the method, bromine containing gas is introduced into
the plasma processing chamber of the device 212. In this example, the bromine

30  containing gas is hydrogen bromide (HBr). The plasma processing tool is operated
under conditions to allow a high density plasma to be struck in the chamber and
sustained 214. A high densify plasma is considered to be a plasma having a density of

greater than approximately 1x10'% ions/cm®. The high density plasma can have a

Ll



mat er i al | ayer. The main etch step etches the |ayer of the wafer in which
the. structural feature being etched is defined. At the begi nni fgMaren2ei7
~the netho Qi containing gas is introduced into the plasm

pr ocessi ngv% @g@efr}ﬁ]of the device 212. In this exanple, t?@’ﬁ@@ﬂ%’ﬁéﬂﬁo
containing gas is hydrogen brom de (HBr). The plasma processing tool is
operated undeensityriithe range ofapptdimvatalihig'‘densi o'y idusaaith The phsostdtick in

t he chamber andatﬁgaxsg ai n%%t%ﬁf. A hi %E gens_i ty plasma is considered to be a
pl asma havi ng "XHENE $YOt to thenlpsna, prd hromype species it fhye plasronio a¢tiieds cws. The
hi gh density mlafiveorsas Maneal214 s8 tMekiGhy 2397, it DA

PCT/ US2003/ 024137 density in the range o?%g%par“g%%ég%%éﬁ%ﬁ@fbﬂt‘8‘%15311013

"i ons/ cnB. The dpwdiy dlasaiads usedkindha photorssishopdsgdre-maimeichlsip 7a6, wmdiar oni ne
ecies i th ' l.ve to.cpure ., the photoresist naterial 216 so
har T S Pl el e PR on B o oS RSt Rt Fhe il R og

used in the ploofieysieh alesaur bty ofenidallt &bl 5 4R wakth, bif hihel fnBpBl 45 ™™
processi ng devi c%ﬁoper,at ed at a’l ow pressure and hi gh power. e rin the

curing step dodPhRBEetdmalerialidl02i Jihongeidregen romidefis thegrefafret soubietofT at her
orererr og sour iy Sl Thishe PR, Ghertiopid Gl Mbfeeals frohe wed ©

preferred source of om ne ecles tor

cont ai ni ng nollecutieg pkamalenchaeSiB, CHIBY, Byl ClIgH 288 SHOhiAScodl
CH3Br, Br2, Cﬁl—%Br gmd hig{?er brom ne contal ning 10 ﬁ@gc}ilfocar bong&%g@%,

al t hough 'Phe PYULFATOONS. SHEQ. @ltheniah the plaswpa pgpreferablly purshdliBr, mdtliiondles can be,
i ncl uded in t Rl RS IE BSclldsd Lnert ses. Preferab such
a.mxture for curing woul d _not Eg@gpgéglﬁig??cané eamn%ﬁn éneﬁgaﬁs%ilﬁé}eé,b%ants

'such as hydr sishrgbura fier duting woudd natitiaed sipnificam lag@ub ! 2Vt eIRlsSua]
for the HBr Eﬁftep woul d be a 15 plasnma

i tabl- ' diti
f)lrjl)cgss?pgp%%’ln@g%’c%&g?éﬂ#‘gﬁi?n%mf’@igﬁr“ T, a power of -1200W
substantially O bi As ex@hpRGF saRDId @&rﬁt&g@:eﬁ@fﬁ%ﬁs R 85 gagegteg%go&?cgg? j1ow

rate of _100sccm (standard cubic centinmeters per mnute n e of
appr oxi nét el yPlgema Bieessdg chpmbrrpressufecofiapproximatelysmafitd miver ol 0200Wer i al i s

renoved durin . | L2 weyer,, .sone, degree of renoval of

material f rom&fbﬁéﬁ%\%gq g@%%ﬁ"%ﬁ agﬂ@“#_g(ﬁﬁ\{’f’ﬁléel?ﬁ@ﬁo? r&ps favaaiest 102 can

occur during 100scan(staglasl @bic @ntigfetdrOpériRiniR) M4 Ele time of approximately 60
seconds.

It is preferred if substantially no material is removed during the curing step.
20  However, some degree of removal of material from the ARC layer 104 and from the
photoresist material 102 can occur during the curing step, prior to the main etch.

Although a zero volt bias potential on the chuck holding the wafer helps to
minimize any removaj of material, a bias potential of between 0 to 500V can be used,
of between 0 to 250V is preferred and of between 0 to 30V is most preferred.

25 Equivalent bias power ranges are approximately 0 to 740W, 0 tc: 350W and 0 to 40W
respectively.

Insubstantial removal of material can also be considered to occur based on the
amount of photoresist material that is removed during the curing step. Not more than
approximately 600A of photoresist material can be lost, preferably not more than

30 approximately S00A are lost, more preferably not more than approximately 400A are
lost and most preferably not more than 300A of photoresist material are lost. The

proportion of photoresist material lost.out of the thickness of photoresist material



Al t hough a zero volt bias potential on the chuck holding the wafer helps to
mni mi ze any renoval of material, a bias potential of between 0 §¥asp887can

be used’awgg%ﬂgﬁﬁ%?@n 0O to 250V is preferred and of bet vn\ggglpgzoég,?%%\](hi S nost

preferred. al ent bias power ranges are appr oxi oW 0
to 350Wand 0 to 40W respectively. Insubstantial renoval of material can
al so be conssrifiiadly fresent cair beyas @tbre thah hpproaimuately 304, pheftrabBsios nof@itani al

that is renoy during the curing step._Not nore than approxi mately 600A
of phot or esi%%%/gﬁ%‘il@r"?%lpreg%{ﬁﬁﬁém’6‘§’Ee,tﬁﬂ?%%’er'ably not nore than 30

appr oxi matel y 50 sﬁs?an‘tiﬁﬂe%ngr@gfbﬁxﬂe{t@ﬁﬁ%?&réo BOLoiRiGed BHLARREOXSTREE! Y

400A are |lost and nost pre y not nore than 300A of photoresist
mat eri al ar eathasit of HiecARGrlgmo niataial tiat jshrahoveadsdwingthe eurirg stdpo MNotandreof t he

thi ckness of  photoresis terial .5 8 March 20 2004/ 017390
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30% pref er ajelerdWy nbhEre thal170% A% Bl Srefefablly B6ENER! Har W% "Bk ddlian 5%

| nsubstantial renoval of nmaterial can al so be considered to occur based on

the arpunt ethingeaniRansidsrediaheve edcumpdif etchingfhnough theARSHlay¢reocounsi ng
step. Not nore. 5 than 85% of the ARC |ayer can be renoved, preferably not
nore than 75é}$nﬂ|$0¢%prep?81§'fneér%% ‘%“;"%ﬁéfé%me than 70% and nost preferably not

nore than 60% Sulgboticating stk Dl G Bastvan bemplensl, ter1erk flesthakuaped foad i f
etching through the ARC | ayer occurs during . the pre-main etch curing step.

After tR8 cutenlpssrshanber dsheplshant gapmedws is ifredpesd 238 dstedhs plagomped from
10 th I . -t s lnt i nt
the pl as CRGBBERSLs @Mt A6 ufh BRRPr AR TG HIE oRphHpREFABTIAIR. M O

conposi ti on gds mhilktureiscdebasted sgas toreffdctivelyietchaht anéeitd doyensf the veffdreTorvel y -
etch the intended | ayer of the wafer. For fer 100, the next |ayer to be
ot ched st HEMRREND Myorert et i BRI MD PG AGh, ANEHEOEYrCRRt at a
flow rate of - ot her
mﬂ&m%&fg}:%g@a HEwhte %fﬁ? 9<‘.’¥|n£ aleroht éﬁQw%ﬁfSE 184 E&&gﬁ%@h@

fl uorocarbons pro a source of fluorine for etching t erial
can be 16sedothémfhetrberbeshpovidmgtasoume of ftonee b ctdBingthel ARL mategalndant ur e of

L2 A 02 e S oSt e e B G Tl SRERELY "
et chi ng devi g& R Red o BRough the ARC layer. The ARC material can be organic or
inorganic. Example operating parameters for the plasma etching device are a plasma
chamber pressure of 7mT, TCP power of 600W, a 100V bias voltage applied to the
20  chuck electrode (equivalent to ~46W bias power) and an end point of +30% over etch.
The ARC layer is etched as part of the main etching step 220, which actually forms
the feature defined by the photoresist material. ‘

In another embodiment of the invention, the etch of the ARC layer can be
carried out before the curing of the photoresist. The main etch through the layers

25  under and not protected by the photoresist is then carried out after curing of the
photoresist.

In another embodiment, a photoresist frimming step can be included in the
method. The curing step can then be carried out before the ARC etch and trim steps,
or after the ARC etch and irim steps or between the ARC etch and trim steps.

30 The main etch 220 can include a number of steps in which different etch |
chemistries and operating parameters are used fo etch the different layers of the wafer.
Steps 218 and 220 are repeated, as indicated by step 221, for each different main etch

step required. The etchant gas composition for the hardmask 106 etch step comprises



chanmber pressure of 7ml, TCP power of 600W a 100V bias voltage applied to
t he. 20 chuck el ectrode (equival ent to -46W bias power) and an en@Mp&hgPO7f
+30% over ool elo 7‘51;(? ARC | ayer is etched as part of the main etching step
220, which AELHAIT forms the feature defined by the pRSTSIS2ePO+Hterial .
I n anot her enbodi nent of the invention, the etch of the ARC | ayer can be

carried out b€fFerien fline rateof #hsce, CFBEPRG! MR RS bf 20TRemBidHERCIsHEALGR t he
| ayers 25 unggr and_no Egﬁgot ected by the photoresist is then carried out

after curing Of St9& SB‘F?E?! lasmagarocsping dsvine pPespinsdiammeiers argh pressues v t

trinmmng step7eanTe® A YEESHo i ng .st.ep .can.then be

carried out before thﬂe ARC gg)ghwg%&;&%ufgﬁ%?gga,e%%‘éfrbﬂgf(?%fw?lﬁlgttﬂﬁ%‘@t ch and

trimsteps orpoeenmei?iPhe (MRE msasmayriet tsed in the dpsimasl et hirgimk BompsdticdR0 can
i ncl ude a.nunber  of ps_ i.n i different etch chemstries and

~operat i ng’par %ﬁ%%égﬁé%wﬁgﬁg&ﬁngﬁ@@WWW%YEW@IMﬁ he waf er.
Steps 218 and 220 Fhetir@PeR) 68! tuissteh Mitiiaat f¢ :

different nmain etch g{ngp requi red_.e The et'chgﬁo%%lgg%%%p&a&%%3ﬁ%§§tr(:h?q‘le
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bi as vol tﬁge of 400V gequi valent to a bias power of 300 O her gases may

be used iR t heoms M EIRF tyctehing therfpriuietios the dfferts off vefioingGhidollapse| ace

of CH2F2, and [orNF3. . The tupngsten 108, tungsten
ni-tride 110 a%ﬁén(ﬁ)a? ﬁvg%h%%gg?l ngé%%gﬁgIr?g%ﬂﬁf éu%{eglﬂgdn tl}&é?%&le&ﬂi 1H§1Peng
etchi ng cheni whfer beinghatve definul ds the\@igindl phoREGHMD Safriabiid thetcBy bbimiesar t -

It has been f&gnd hat cur. n& the photoresist material using a bromne 10
cont ai ni ng pl %Obé?%?ssf’ﬁaté Wy eehingofthae feghuse rrgalting én defbunedsfeatursseduci ng

t he col | apse | 841 ' rial. This results in
the feature e?%ﬁ%ééﬁatwg&r\fg%gﬂfebﬁeﬁaﬁa ngh\ﬁg??ﬁgfee?t?%{e 1‘%%%’5%”3 ﬁP’rsm?;ll
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be seen a 1400A deep layer of photoresist material 506 is present on the SiN hard

mask layer 508, and a straight, well defined feature has been etched as shown in
Figure 5C.

20 Figure 3 shows a cross section through a further wafer 120 illustrating a -
further embodiment of the invention. The wafer includes a 193nm photoresist feature
122, which has been patterned on an ARC layer 124. A layer of polysilicon material
126 is present on a thin layer of gate oxide 128 above a silicon substrate 130. This
arrangement of layers of a wafer illustrates an intermediate step in the fabrication of

25 many different devices. For example, the intermediate step could be a step in the
fabrication of a memory device, a logic device or an eDRAM.

The method of etching is essentially the same as that described previously
with reference to figures 2 and 1 except that a different etching chemistry is used
during the main etch step for the polysilicon layer 126. The etchant gas composition

30 comprises CFy, chlorine, HBr, oxygen and helium. The etching chemistry for

polysilicon is well know to persons of ordinary skill in the art and need not be
described further.



15 cross section 502 through the photoresist and SiN | ayers of a wafer
etched according to the above described method and figure 5B shbMarca2007
perspecti | ew . n04. As can be seen a 1400A deep | aye Qt or esi st

mat eri al ‘%gé}{‘%@%é sent on the SiN hard mask | ayer 508?C§hﬁ9€{)3 ?Jrléfght,
wel | defined feature has been etched as shown in Figure 5C. 20 Figure 3
shows a cross secFigafe 4 fHoxsghfi@w thirt Nestravdieer fulder érhbadineat ofMe Mmethodr t her
enbodi ment of the invention. The wafer _includes a 193nm photoresi st feature

122, which ha%0 Beelrhpiga Sauegvhile usingHBr fogep e lP3nm phafaresigimalghidlsi | i con

material 1284.] & Nl . ' i licon
substrate 133hé %??fgﬁ%g r%gg'éﬁ”e‘ﬁph @?Aﬁéﬁ%{ g??g‘ﬁbavg]%ﬂ gﬁ?%ﬁ%?@%‘gesﬁg
i nt er medi at eTht HBriacistabe sbabe 0£Bt spenico in b plasma, dhichas ectivedevinedhe For

exanpl e, the jnternedi ate ep, coul d be a,step in the, f ication of a
memory - dévi CBOPBREE e At HAHAO BRI RS PR HURIBPSed WRIROT <
essential ly gﬁlgmggfﬂ%e%‘ﬁl dainbeesahé Datk PhsYs M. P dhrkfsBloRtEhd O

figures 2 an cept that a different etching chemstry is used during
t he mai n et chtchanggas will dépend oh yhe Wafeolayerhyeang aioled, eievidl ipblade aglasst one
conposition 30 conpri,ses CFA,. chlorine. HBr. oxygen.and helium The etching
chon st ry T oroueoRERLaics Gt B RSie Besiet WHACCET Ot MR ot ne
art and need A0fsedss thideanihas thimboldifedboehe2RAtoMO 2004/ 017390
PCT/ 0S2003/ 024137 Figure 4 shows a flow chart illustrating a further
enbodi medx ohydieBuerectibens @pdefused w thapergeact dehant epagies) & ishdgesid®r to cure
the 193nm phot.oresi rial . egl ns . | L.t T I ng HBr
into a plas nﬁfaﬁ?%(lzsetglé]%ﬁg y ea\l}lﬁggSt g(?gf%gﬁ%r" a"c‘{ﬂg P gﬁé&g‘fﬂsr%%rs écﬂgé g?‘qgefp :
speci es in taAdRIes FRessuvb) @il High pevdr\cenditond r'Ehd bremingxpeties presait intieer i al
122. An etchant gas mixture is also i.ntroduced . 314 into the , plasma
processing cRIEHEIS aplive feousa He riofrsesigtanateréal mpile the Buarpgiperies Hrichye the
stehant gas yh k8RS Bein 8fvad e 3o kP beIBR Y pEIGREH: 120HL Midch al1C! ude
at | east one source of etchant species, such as uori ne“speci.es en CF4
or ot herl5f | uetchodtbedistureara besericdut BES atdthe hardgamg of theothvtoreasitfeatimeent s
of the invention, 10 hydrofl uorqcarbons can be used as.the, source of
k b the Ugglpe

et chant specPEYenA T dglormating gud helpsto epsure theprapagation Rf 4, wg ed 316 by

operating the¢. ks o BleAeAeS | THE d&Viné@od terminates 320 once the desired end point is

reached.

Figure 6A shows an electron microscope picture of a cross section 601

20  through a wafer like that shown in figure 1 after a SiN hardmask layer eich with the
addition of HBr. Figure 6B shows a perspective view along eiched trenches 602 and
figure 6C shows the resulting etch profile 603 for the SiN layer. As can be seen in
figure 6A the addition of HBr to cure the 193nm photoresist material results in a
significant amount of the photoresist layer material 604 being present after

25  completion of the hardmask etch. As figure 6B shows there is a significant absence of
any twisting of the photoresist material and well defined, straight lines are etched.
There is some tapering of the profile of the SilN layer 606, as shown in figure 6C.
This method does not provide as good a SiN layer etch profile as the first method 200
des{:ribe:d1 but is still obviates photoresist deformation and collapse.

30 The invention has been described above in connection with 193nm photoresist
materials, but the invention can also be used with other deep Ultra Violet (DUV)

photoresist materials, including 248nm.

)



under | ow pressure, and high power conditions. The brom ne species present
inthe plasma is active to cure the photoresist material while &Merch2007
fluorine i .S active as an etchant to etch away | ayers of the wafer
" bel ow the%%ﬁg@g]ﬁlgg?ﬂst | ayer. Hence the 15 etch of the fd&tHPRUR4E
carried out 318 and the hardening of the photoresist feature prevents its
deformati on and heDpgr tlepeaimiieardtibetothe RRANI Fthedhventionas rélffiied @dordkeff uUr ed
into the wafer. The etch nethod term nates 320 once the desired end point
is reached. fbygtateapartishishdedss. dilewevesrihediep ofewpe the phafprssist matetiebs s

section 601 2 er .l 1s0 -1 gur. fter.a .Si.
har dmask | ayeglogﬁ:%u‘\%&[eﬁb%% &%M@Fg%%%rf %ﬂ%&nﬂ%@g@ﬁg&ré %ﬂﬂg(’lgﬂaﬂt wi
.perspective vetehingklon@atatecinakk tndedgmgday@®2 and figure 6C shows the

resulting_etch profitLe 03 for the SiN layer. As can be.seen in figure 6A
the additPon of Heflthergnfhefqregomgmyamt beey descrbaddp samedgigifes i n a

" significant aﬁgm.P j ] ' .hej ent
after 25 conple ?Stgﬁ%g?fa?ﬁ’emh%’? ﬁasgﬁlgi%ﬁaﬁk‘g Hﬁéag%drtgia%g%’%%ﬁ%ﬁgér?i s a
si gnificant atedificetiafs manke pragteiei mgthad thie seopehuditor gpesdedndiiansi Jhemfisteel |

defined, strajght lines are etched. . There is,sone tapering of. the ofile
of the S N la t‘}e ¢ Smbodipit °H‘]f1g5’8r‘3§‘eeél.s Tpfrat A gt B&Cﬁﬂamﬂf % de
as good a Si Npkafin b6id nok gé ;ﬂnﬁe&tﬁq ﬂleaetfajdm gﬁﬂ?ﬁ&*&%%@ﬂomé%é QefifRichy but is

still obviates photoresist deformation and Collapse. 30 The invention has
been desdPi bethe dplbwang alagon aretthersrfulliscdpe b 3quivalanisor esi st materi al's, but
the invention can also be used with other deep Utra Violet (DU

phot oresi st materials, including 248nm 8 8 March 2007 WD 2004/ 017390

PCT/ US2003/ 024137 Ot her steps can be added to the nmethod of the invention
as required--in order to fabricate a particular device. However, the step
of curing the photoresist material should be either before etching the
feature in the underlying |layer or concomtant with etching the feature in
t he underlying layer. 5 Al though the foregoing invention has been descri bed
i-n sone detail- for -purposes of clarity of understanding, it wll be
apparent that certain changes and nodifications nmay be practiced within

t he scope of the appended clains. Therefore, the described enbodi nents
shoul d be taken as illustrative and not restrictive, and the



invention should not be Ilimted to the details given herein but should be
defined by 10 the following clainms and there full scope of equi vaMaiego7 9
8 March 2007 CLAIMS What is clainmed is: 1. A nmethod for etching a wafer
having a pattern of photoresist material thereon, conprising: 5 placing
the wafer in a plasma etching tool; curing the photoresist material with a
brom ne containing plasma, prior to an etch while the wafer is in the

pl asma etching tool, wherein brom ne species in the brom ne containing

pl asma causes the curing of the phOtOEfﬁgﬁﬁ material, conprising; providing
a bromne cqontaining gas to the plasma etching tool; and 10 generating a
pl asma W hHithelpmeddfasma et ching tool, fromthe bromine containing gas,
wherein the density of the plasma fromthe brom ne containing gas is

greater it han Al@dfol ERHAUKIR; a RAYdr Wﬂg{d PHikeRUIE pRotdRisit Rhftialherlebf WRbAEIng!ST NI
t he §ured phot oresl St ??e\?&ﬁﬁlﬁfh mask. .15 2. "The nethod of claim 1, wherein
S

the curing the phBt6\é SRRSOk onpri ses  providing a bias
power between 0 t eurmeothgyphgtorepise magariabavidifa brogling ¢ontginmzaplesmanprieuta aryetche
phot or esi st mat er iaile Wetwaféitie ifbthe plag@a eRBINE 3bd)] Wgerih A56FRing @FidI A the BREIMIRC AN
entire layer of { bShEbIBELaNEPRNALPLARE ShoRLErh Bkl SlpriigD 1 The
met hod of claim1, eréin.a bias. voltage during the curing I's 1nSufficient
to etch through an enP‘iOP”éhr}ge?yté"Pmee@H@‘%@St‘b%ed\}@sfrﬁéﬁt%t@?]é%dst. 5. The
met RBd of claim 1, whegaieratingta mpbasmat wathins thes plasrha adt¢hings 06, difont e bromine

phot or esi st mat er t@ltinid@ gh$ WiRMRY 81 ity thd\Sait &8 -thSbroflife SRR 8fs is
claim1, wherein durjin ok fllgl_ogounrs}cgg, t he photoresist material all gas

provided to the %egtﬁr ool i s an es¥enti al |y pure brom ne containing gas.
30 7. The nethod &Rr¥ERSeuhaenainpieh of hetwader viaing Phermyrest photdresishas an eiele masikses an
etch gas, which is different fromthe gas provided during the curing the

photor esi st | i e f i , i C i .
TheTeare gl iy BouioLTRHAR0 i, SR pRFE AR B Bt

3. The method of claim 1, wherein the curing the photoresist material with the bromine

containing plasma does not remove an entire layer of the wafer below the photoresist material layer.
20

4, The method of claim 1, wherein a bias voltage during the curing is insufficient to etch

through an entire layer of the wafer below the photoresist.

5. The method of claim 1, wherein not more than substantially 600A of the photoresist material
25  is removed during the curing.

6. The method of claim 1, wherein during the curing the photoresist material all gas provided to
the etch tool is an essentially pure bromine containing gas.

30 7. The method of claim 6, wherein the carrying out the main etch uses an etch gas, which is
different from the gas provided during the curing the photoresist material.

8. - The method of claim 1, wherein the carrying out the main etch uses an etch gas, which is

different from the curing gas.
35

10



10 8 March 2007 5 9. The nmethod of claim1l1l, wherein the plasma forned
during the curing the photoresist is fornmed froma gas consi sti fffarch 2007
essentially of hydrogen brom de. 10. The nethod of claim1, wherein the
photoresist material is selected fromthe group 10 conprising: 193nm
phot oresi st material and 248nm photoresi st material. 11. The method of
claim1, wherein the plasnma has a plasm density of |ess than | x| OL0
ions/cnB8. 15 12. A nmethod for curing a pattern of photoresist naterial on a
waf er conprising: placing the wafer in a plasma etching tool; providing an
essentially pure bromne containing gas into the etch tool; energizing the
essgﬂtially pure brom ne containing gas into a plasma with brom ne species
and having a density of greater than approximately 1 x 1010 ions/cnB; and
20 expofi ng Theempthot cfedaist 1nwherinaihe tpdashizefopinad maringier eirhgathk Phetoraist tihe
vaf e bRk@Wl kb 2 MIOLATARELsMIBTdrdlalbgelGonfiehed Through, wherein he

cu

exposi ng the photoresist materia es"the photoresist material, wherein
the brom ne speci es cause the curing of the photoresist material. 13. The
met hod W cl Bierethodwpl clitn {hevhergine thei phetoresiRCniaggriat is sglscigd . frodn ntae hardugf or

et chi ngecanmidingt 195 plgbtaresisdhabinl ahd PARLOpIRROSEstRASiAal t hereon,
conprising: providing an etchant conposition generating a plasma active to

etch a 1ayer of the fer. bel ow the photoresist material; and providing a
br oni ne! tont Hienmsthof s eaing ds jwherain tha, plasmp chas o pissms  dspsitya ol dgsathan 3910
wher ei nioas/tm3gh density plasma of greater than 1010 ions/cnB is generated.
15. The nmethod, as recited in any of claim1-13, further conprising placing

t he, maf in,a pl et chi t ol ., wherein.the curing the photoresist is
per]fs\(l)\?rrg% wH Flé’ﬁi"ﬁigﬁ?a“rﬂé_ﬁg aip§ﬁig‘?i‘ (’?ﬁ_hétﬁlieﬁtrfﬁate’éiﬂcq’ﬁ %\ﬁaéF’b IPTISHEr ei n bromi ne
speci es in ticingibeiviaer donplismp alghipBseaka causes the curing of the 35
phot or esi st pradiding ah essentiblWhRikebdmitkoaRiiyg B iBtstthd &ieh fRi;n etch is

performed usi,BQ;it : ReSt B, £ kO dhe et hod .as
recited i, angl%gﬁﬁég‘hg;grsr%%i@%%%@ﬁ%@%ﬁﬁ%r el %%gn{ggﬁafh%% ?H’étggjﬁ%?’glreesgle%‘fs
mat er i a"IdBWEE PIERSIY A Sty thanagrraninsd e A¥ 1l iS5 8 oni ne cont ai ni ng gas
i nt2® t he et chpesing thegplebtoresist material to the plasma, wherein a layer of the wafer below the
photoresist material is not etched through, wherein the exposing the photoresist material cures the

photoresist material, wherein the bromine species cause the curing of the photoresist material.

13. The method of claim 12, wherein the layer is an ARC layer.
25
14. A method for etching a wafer having a pattern of photoresist material thereon, comprising:
providing an etchant composition generating a plasma active to etch a layer of the wafer
below the photoresist material; and
providing a bromine containing plasma active to cure the photoresist material,
30  wherein a high density plasma of greater than 10'° ions/cm® is generated.

15. The method, as recited in any of claim 1-13, further comprising placing the wafer in a plasma
etching tool, wherein the curing the photoresist is performed while the wafer is in the plasma
etching tool, wherein bromine species in the bromine containing plasma causes the curing of the

35  photoresist material, and wherein the carrying out the main etch is performed using the cured
photoresist as an etch mask.

16.  The method as recited in any of claims 1-13 and 15, wherein the curing the photoresist

material comprises:
40 providing an essentially pure bromine containing gas into the etch tool; and

11



11 ... 8 March 2007 formng a plasma fromthe essentially pure
bromi ne containing gas. 5 17. The nethod as recited in any of cl&Wagh 20073
and 15, wherein the curing the photoresist material conprises: providing
brom ne containing curing gas into the etch tool; and formng a plasma from
the curing gas, wherein the carrying out the main etch uses an etch gas,
which is different fromthe curing gas. 10 18. The nethod, as recited in
claim17, wherein the plasma fromthe curing gas is greater than 1010

ions/cnB. 1%orrhing apésiediondthele®htiflty pude Brymind ccﬁllteﬁmﬁ'g ds(- 18, wherein the
curlng the photoresist material 15 further conprises prOV|d|ng a bias
pome weep O t 740 W, 20. The nmethod, as recited in any of clains
ere B|aésrﬁﬁteﬁd§ agy p?fefé@mmd%h% iang 18¢ whetsis theriawing the phatgresist
|ons/cnﬁmeﬂﬂcaﬁmn§ﬂe nmet hod, as recited in claim112, further conprising:

placi ng the M@*f/l@fng'ﬂi‘orﬁmE|c@i§t%n1‘§tcﬁhh?gastlﬂw the WRRtdRlAnfine providing a brom ne
cont ai ni ng Cjﬁlasna I %%?% & lﬁrov 8 Ewgssentla Hﬁhgure brom ne gas
into the et dR™E8I1%PY e %‘f NG §9e VATEL e SPTXIng Bidhe msiR Fieh H3Rstas G g
gas i ntassaviyrlaisrifforentiram Swichtingpesci es 25 and having a density of greater
than)apprOX|nater 1 x 1010 ions/cnB, wherein the exposing the phot or esi st

mat eri ab' g. CUrfip I’E’Ig'fﬁO(? rbgtrc%lt%g If blallRu 5! WAL Fmatﬂg py\'h %Olﬂ.l{he ng{lﬁ%gas 13?‘%3 Iﬂ?aé]d

cause t g)cur|ng resi st na
in clailt¥h 185GHerein the prOV|d|ng a bromide containing plasma 30 provides
a high density plasma of greater than 1010 ions/cnB. 12

19. The method, as recited in any of claims 17-18, wherein the curing the photoresist material
15 further comprises providing a bias power between 0 to 740 W.

20.  The method, as recited in any of claims 17-19, wherein the plasma has a plasma density of
less than 1 x 10" jons/cm’.

20 21.  The method, as recited in claim 12, further comprising:
placing the wafer in a plasma etching tool, wherein the providing a bromine containing
plasma, comprises:
providing an essentially pure bromine gas into the etch tool; and
energizing the essentially pure bromine containing gas into a plasma with bromine species
25  and having a density of greater than approximately 1 x 10'° ions/cm®, wherein the exposing the
photoresist material cures the photoresist material, and wherein the bromine species cause the curing
of the photoresist material.

22. The method, as recited in claim 14, wherein the providing a bromide containing plasma
30  provides a high density plasma of greater than 10'° fons/cm’.

12



