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METHOD AND APPARATUS FOR PROVI DI NG MASK I N
SEM CONDUCTOR PROCESSI NG BACKGROUND OF THE | NVENTI ON
WQ O@0AB65THi s i nvention relates generally to thBCT/US2007/010629
processi ng of sem conductor substrates and materi al
| ayers on sem conductor substrates in the fabrication
of integrated circuit and other sem conductor devices,
and nore particularly the invention relates to nmasks
for masking such substrates and | ayers for selective

CheMIETHOD %ND APPARAZTURFORERO VIDEN@WMASK IN

| ong been enployed in the fabrication of integrated
circuits pri oSEMICONDICHOR PROCESSING

di ffusion steps. Typically, a layer of energy
sensitive resist is _coated onto a substrate or anot her
| ayer to be seBAGKGERQUNDOQETHE INVENEIQN An i mage
of a pattern is formed in the photore3|st by

IOOM[ aﬁﬂ@%\%’ﬁu% rbRfes! Stletdily! 1Y @dObtobdsiMB! b miBBRducHr substrates

, and the excess photoresist is renoved. The
andsmptegial layess qmnn@prmb@tr subsiragas in ghecfabugatianedrintegrated circuit and

othlglE1 r og; dct?ﬁ He\gE T %d (RbAS P'B'}xclﬁfaﬂp ' the rm%‘ﬁﬂﬂt éliﬁﬁsn t(p thasks for

roug e open he mask 1 nto
maskibg suclt sibstrates gud labryrscfpt Sngthyn chemiagh pragpssimg. at i on.

[OOiE)%P gglr)to}(gsg;? 1111955 %ag q8g? hrbsc'(;eb Legﬁu%lgpec? FARRE ef%ﬁc%tﬂ)n of integrated

. circui s an on of circu
cnraiinsqmzir emshémicel ¢tbling and mopamtrdiffasige stepheTypicekyneslayerf of energy

T RO R R —
prodéssed.s iAanisnagdehst gpeatenn ésfarnelids tixeplwoteresiss by fiiradietién dOthe resist

mask under materi a ai nst .cheni.cal etc
e B, S ISE of B AR 20 B GUTBHSF TEmEvh, T selectively
masiesl ﬁl‘bsﬁétf: ioRfay@A cat tHehn@ d@étg,_ﬂﬁsfi vslibi otl aﬁ}e@lasmg etch, or dopants can
rraterla ayer anjnter | al e a an . .
be yuroguced, fupye @er@ea@& ‘Béggé&%}‘t‘ﬁ‘@ ‘K%é?‘éﬁ‘ {awér by diffusion or

,onqﬂq%dtqu}g mat eri al stack. Deep ultraviolet (DU\/)
ng. has al so conplicated the stack further

lOOPéh %(lm Hgreastngrdsasities shcmpeneniin;integrated girgpits @aatﬂpen@ducnon of

cirduiR8mens®Ins qﬁﬁﬁh@"h@bﬂﬁfe?&i"’reﬁ%@t HeChickMES} SSthRi fHdtoresist layer has
aspect ratio contact (HARC) holes, a several thousand

beegnigdueasntorqongrel paarp Hetedutien: anvweafgre withsdegp\gubduicrereflimensions,
theﬁ%ﬁﬂox’e.@isﬁ [égﬁe beddn iRk eﬁtht% ﬁ%lf ‘ﬁgltiéﬁ-#ﬁf% rn?aﬂé'lllz{lg qtgamst chemical

ring t ong (several mnute ocess
etclidrdr ef ore, conventional nulti-| ayer-re3| st (I\/LR)

IOO%QE% %ch rqg rgmlrgﬁiar e e?%éﬁ%ﬂ gﬁé/ ggin Jesis Con gzgrgl ?cth‘ran&eprocess of

unqeﬂyﬁl@ ,maaq:rchl dayaa;omp hmganetaateolaybua(tdpwaﬁk annoxﬂde leyex® is needed
be eer? thT gfgﬁ% 5% Rxpg% e)g?xgtn?ﬁexilalhsggc unBe 3(1%%%%{)5& f EISW) imaging

haseklsmcbﬂtpdacatlad thatsmchefdrthexeby ayquiring w&lokporatlon of an anti-reflective
coating (ARC). For deep and narrow features such as high aspect ratio contact (HARC)

holes, a several thousand angstrom thick amorphous carbon layer is now routinely used in
order to provide the selectivity required during the long (several minutes) etch process.
Therefore, conventional multi-layer-resist (MLR) consists of a resist, an ARC layer, an
intermediate layer (termed a hard mask) such as silicon oxynitride (SiON), and an
amorphous carbon hard mask in the case of a HARC application on top of an underlying

material layer.
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as the anti-reflective coating. The incorporation of
silicon in the resist (SiPR) provides a neans to
wW@erenaises sil i con oxi de on the outer surface oOPCT/H82007/010629
resist, which then acts as a hard mask. The anorphous
carbon layer (ACL) hard mask which is currently
deposited via a chem cal vapor deposition (CVD)
process is also being replaced by a spin-on carbon
(SOC) containing hard nmask, which.has superior optical
[0005P MUt irésndifflitiHas et @ne pobibleaotelineinath ahe idtermkdiate daydtr as well

mask.. SRi n-on carbon. i s avail able_from JSR Corpo Lon_ .
as GF WizEHec GOS0 Tbe ARRPRIEREN 85 FUEOR 37 Tiofa- b yRRS Provides a
me&itls {oﬁgé{eﬁétsss'iliﬂons&g{‘sl@{cﬂrtﬁe olfer Esgﬁﬁ&/ Bﬂlﬂ'ideb@ist,l\’ﬂvBch then acts as a
st ack, e internedi ate | ayer [ pl ays .an. i
harf sk abte AHPEPhOUA eﬁrbpﬁd_%weaéAg(lﬁargag psk, WhiFiy i ireently deposited
vialdtHeR&H Q/a%&edéﬂ'ohftﬂoﬁgb\m)rﬁﬂéésg'i‘s 415D beidgrép8ckdBy 4 §8n-on carbon
resist patterning. Advances in both the resist pattern
(SQEY nentquing harl maskhehichrhasegirerion wprigalt prOPSItics ang,igmore cost-
FfOANE théh {h%:{\?i,%&l Ghsk D %gfr?-GH ch®dn Patdildbefrom JSR Corporation of
conplicate eatures 1 n current 1 C devices. As a
Japapsult, the CD reduction in a bi-layer mask descri bed
0 be .achi M. tr f .
10088 St i BB 10) B ol by ReRE bkt | A8 Lhventional
MIR shkckmhesinemnediate fayar 651000 plhys 80Onpsrtamtfrioby othkmthan as a hard

ol OO e BN LR B pmine.

Advatied jn Béwh the et pattermaedhindquep and ifuidser £ Dred¢duotlord ar the SiON layer

fabricatin car bon ereby th itical .
haye, 90 PV O Vo eAITES (S ALATE P DR ARt TGt g C deviees.
Aslc‘aa&s'h(:; théd}lb@éﬂbulcﬁegﬁﬁh lagr rhaskndaigribedCaidv@rmowaiiast be achieved

.ayer, preferably a spin-on process, and a silicon
duffgh s RATER BREAEEH 8 foq SSPAL; e _ﬁ“”ﬁ%e“i‘% TR Siching. | A further
prdbléin $§ BRcdUn@GES Sirce th® ST &P YaTidr thar eheCadrivRAtiomI KACL hard mask,

| ayer as required for subsequent device processing.

q ! :
anditheggforgespatrghphidpe £1) is merediffigublagh t he photo resi st
|l ayer, the struckgiveM SRR GFIFHENTNVENGION Processi ng
chanber, and an O0Xygen prasma 1 s enploye o etch the
[Mg?f ?@%ﬁ’%"fﬁ{e"ggﬁ%& gr es‘ijesS F]lt% g%g%ﬁ? gﬁﬁgrggﬁgs ial I con il whereby
thegxitigel dimeasiopr{CINeof aisomponentinrecessdd with thihmask ean ke reduced.

004§ o B P o NS0 OB ey SO Sp Sl alt  scon
impiegsated pbotosesist hayed oarttie garbios ghaske agivoi stempwxesefolmy avindows in
h ; ; . ; h . _
e bIERROLF 3 B BB SHRURL Aok DA hciopin »
patterh t thaalghdiheepigito resistalayerq the siineturetic Iplavgd tihea pdasbanprocessing
I . Ih f.the .hyd I [ d
charpbery fg aBiORIRE? BIFSTRE CTIRIENR R PR e ppgcrlyis fipgR layer. The

oxygen plasma reacts with silicon in the photoresist to form a hard silicon oxide layer on

the outer surface of the photoresist. A hydrogen plasma is then employed to complete the
etch through the carbon layer. '

[0009] The use of the oxygen plasma forms a hard and protective silicon oxide layer on
the photoresist surface, as recognized in the prior art. However, use of the oxygen plasma
limits the critical dimension realizable when etching the carbon layer. The use of the
hydrogen plasma provides reduced critical dimension, but causes micro-pitting of the

photoresist layer. Termination of the oxygen plasma as a first step and use of a hydrogen
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photoresi st layer. Term nation of the oxygen plasm as

a first step and use of a hydrogenplasma etch for sone
woeooahisesed t he carbon | ayer reduces the reali zedit/©52007/010629

critical dinension provided by the mask. The critica

di mension is thus controlled by the ratio of oxygen

pl asma et chi ng and hydrogen plasma etching. [0010] In

preferred enbodi nents, the |ow frequency RF (less than

60MHz) voltage in the plasma chanber is reduced to
plasfiaseté f6t sbaie ovaill of die €lrbon halee dedilaéé thg rehkizgblaeritical dimension

ProAbPL Shes Fiapley e S0 Eh Siramsiamn ) AP ARy e 28R f oxveen

pldsfleittitg AMERRR 6g&ﬂ¢lbs1’ﬂ€efﬂ3[@ readily apparent from
t he follomnng detail ed descrlptlon and append% %%m

[00493 An prafemedpmhodiments 6 loysireqyeney: Ripdess than ge in the
pldR2WhhABel RGiddceli1g 1esh thah POPRA#S 8 ElimBakANRIring the plasma etching

di agram of one enbodi nent of a vacuum pl asna processor
steppfo fathey radycomicrotpitting\af the photoresi byeri gs. 2A- 2B

IOGIH_A l’ﬁterlﬁ{/&tﬁmcﬂﬁp&%&ft ai St aMeMh&lof Witk BL b Geddily appfarcnt from

'enmenting the controller 1n the plasm processor
theFfoliowing {@ailet] descptiorgand apgendececlaises When takenayith the drawings.

i |1 ustrati nggg PO ERYSIPTIUN B ¢z DRA Wikiggnd

after procesS|ng TTT_accor gance w tiT one enpoar nent of
oV ntio 0, E r
O 5073 A 50ASbrE S g, Ao B ERHAT o Y i

prca;ebgodrfmg:mry@ﬁ@émyme plvastien. chem stry wit h no plasma
[0l?lliﬁ j:égﬁ' % naﬁ ﬂlés%aéesa ngPiAg sg%em WthE pab!et gorl]' 1mglementmg the

cofwﬂolwfy@are }(l%d\BbocE&sasaﬂF@em stry WI t h pl asma bi as
ection vie

of4 Fair A 7 e Yo vier iRRE o LSBT et helpep yring, and

aﬁahpmaa@ﬂfg lﬁQEéMh®| WislBne babbainient vf thednventioasma bi as
0018] Figs., 7A, 7B are se%sl on

lo&lﬁl Lféﬁ étAt AS arg ée"rt’é’&}f’?wﬁf““é“%'b‘i‘%l ﬁe%%tr%sl’é? ©R cagh%g%tch using
a k@d}(y%n?mm@f}ﬂﬁﬁﬁtf' chdmi8&§ WilhaktE flalhnh Bléégﬁ FbOdl ment
e i nvention w thout” bias power. 19] Fig 8 is a
(00163 Figs. 2dv. 3 a5e sgptwa\s\ﬂewaqusea'tlmgaweg%%&fsa smn-on carbon etch using
t ntion.
an R T R R B R TR0 pl Bl I oW\ O ,
[0Q10) Kigs. Pide 6Prare aentionrmiews ilnstradngthegesult efra spinensarbon etch using

a“gggé?'{;:@ﬁ’ﬁg %rsr?’g%ﬁ %‘8%{5 A%n{a%gy%artl cularly to

(00283 Figodds § Bodre gcqtiunngewh dlgaabnmthmswltmfa sHiy-on carbon etch using
d Heﬁé&rogésgqﬂ ?cggfziah%q WW bﬁ@%&%ﬁﬁﬁ@n@ (H}dtﬂgtlg{'entlog without bias
uced. e nmas

ev ceés arée're processing is
poeet. in a plasma processor such as illustrated in

[0019] Fig 8 is a flow diagram of a mask fabrication process in accordance with an

embodiment of the invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0020] The present invention relates to an etchant mask including a carbon hard mask for
use in fabricating semiconductor devices, and particularly to the process of etching the
carbon mask whereby critical dimensions in fabricated semiconductor devices are
reduced. The mask processing is carried out in a plasma processor such as illustrated in
Fig. 1.
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Fig. 1.[0021] Reference is now made to Figure 1 of the
drawi ng wherein plasm processor vacuum chanber 10,
whaarngpshdngi t udi nal axis (i.e., centerline) 1ACT/ES2007/010629
illustrated as including electrically conductive netal
wal | 12, bottom el ectrode assenbly 13 and top
el ectrode assenbly 14. Wall 12 has a circular inner
periphery, coaxial with axis 11. Wall 12 is grounded,
i.e., at DC and RF reference potentials. Vacuum punp 9
[002%) Referéticetilendwitiddeoto Pigueddnbeithel Qraating Whreinnplasma processor

t he order of 0.001 to 500 torr durjng oce
vachiine Chamben 10 AANEIE. INEHEINAL SXIT GhT + FEBCEAnS b 'agﬁh‘aﬁ“ated as
mcﬁxdmgt w%sﬂihcan?%h@aeda&%é@[ Wwalll PBebdtdnt RRectrofe fassemt®¥ 13 and top
bottom el ectrode assenbly 13 and atop bounda@i ¢l ose

elegtrpderpssasnbly dith. fWall 13rhas gsircplat innsy ge withpxis 11. Wall
12 ?s' %r%uh@ﬁh' 43I Yat cﬁC GAATRI ?&eﬁh@é PBtehfls 0 r\/&uhﬁx ﬁtﬂﬁg ®dmaintains the

[0022] Bottom el ectrode assenbl
mtefrroeqlfemmn}bet &0 at potcuemn thesaderorh @PRL Lo 50@ torr guring processing.

1.
Thé ‘%ﬁ?éb%k (W Enaxﬂ&rs_}é 1\;\%{1&% Sonfifitd %gastn‘?a ?E?Sﬁr 8 Cbetweerr a bottom

ch inturn’s se
botgldaqndesh tma&ne tQ}9 fase of thettber elegrode| assemblyd 3a@slemmp;b01@dary close

to fhecbolt!tdesf Gl roctutI ?Selic%%rag &@%} 26“4 ?lllee GiE 9 ?n&g'ytcn”aéon'ﬁﬁed plasma

coaxar wWth n Upper surface
regrmc&axS\ﬂpagechfromrwallM vvorkpl ece 18, typl cally a

IOOZZ%PRS%U%:I%%Q f er cg\xen r‘eece? ?citgg%ajtorx electrode, is

codiiul kitieas 18 anﬂ ip Baﬁﬁéd 150 &lélctﬁb mlatlngsmt@h’l ewhich in turn is secured

to {%gl agc Ig%%ghgxm l?tP?Fg ?é é@g\ C e ?‘i‘f&'f’gg Cﬁggﬁ?} elyg nmc?ud%s circular,

cerfilal TétHI0 cloRiTEdd 26EthaB id QozﬁhﬂCMtﬁdﬁuiﬁluﬁldeas an upper surface for
el ectrostatic forces. The tenperature of elec de 16

recgiying @ rasule eV arkpifce 18 fYPIGRed SemicondusifE bRAViFg a diameter

sul;slfll‘i'\ﬁgll)$ kihd1 @8 thediahRteRIof nitYal GRUARAE 189 WRéd W@l‘lﬁ:ﬁ’éﬂecﬂ is properly
to a region (not shown) in electrode 16 by

in p,l@rmur& center igrfPincdend with axisdldonElegode lﬁrﬁaelbsc?cmnected toa DC

chxﬁ:‘k VoltdpRt scuPdd [ IsRbwhS f&eélhl’ﬁ thel WohGRRRNEE 14 Cletthddél 16 using
erature set point supplied to the controller b

eleg@s“pm forceso dihsdemperahye pPylegtrogen b and wprkpiece 18 are )clzontrolled ina
er | Vewoethb‘&’ H0fe® P 008 c&ﬁlebgﬁ%ﬁ«g \ﬁ'g stch@ 29t838kgion (not

errper at ure noni tor
shaimddn plmt@rod@ 16 bg028] ofBwntuitilélaed velyd @2ase§emnpe tpangglegiric signal

thai QSL#Q&&RIEA e(fé% eg 111”1% 0" r('1?he ] ope&%tﬁl'ec Qét ffox%quﬂfed to the

IS se ured
contnfllei- ay cet pomgsolﬂ‘c;e 25 and )i aa:lneaautmcﬁbhestemperande imtheaglectrode, as

| anet e
ind e SR A3 hulafs BTy of <hisPasiORIglrotl 16,

{0028} Bottbm mbkodeasasetrfblprlapﬁxd yxcﬂudepledmﬂxc anhsmllmbr ehg 28, typically
t.he .i nner ery 28. The ort on of e. . .
male o5 ptE: S PEchered 1f fis 98 Aol M R 5y SRial with
ax1&llll th]ﬂhaar& mﬁvxedheﬁhefby sulsmﬂtallgreqnam tB8 dadiﬁietgrr @lUWdﬂqbiece 18 so
n res I ns atin ring 33 js
tha s Rt OR lpEPTEF d By DB 19 W B IEeE propalY J Place, almost abut
theGaH&" ﬁﬁ‘lphery of ring 28. The portion of the top face of ring 17 outside ring 28 and
the side wall of ring 17 are covered by insulator ring 33 and grounded metal ring 32,
respectively. Insulating ring 33 is overlaid by metal electrode ring 34 that can be covered
or coated with a layer (not shown) of dielectric or conductive material. Electrically
conductive ring 34 and the layer that covers or coats it are made of a material that does

not contaminate the chemistry of the plasma in region 8. Such a material is a suitable

4
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or coated with a layer (not shown) of dielectric or
conductive material. Electrically conductive ring 34
w@pw7tbs13 ayer that covers or coats it are madeCHUS207/010629
mat eri al that does not contam nate the chem stry of
the plasma in region 8 Such a material is a
sui tabl erel atively high conductivity sem conductor,
e.g., intrinsic silicon. Alternatively, ring 34 is a
nmetal covered by a suitable non-contam nating
reldtiiedy high. coﬁidﬁguaﬁy samiebadiators alg. ,ym'tmsui silicon.f dternatively, ring 34

. grounded ne dielectric, Ling
is SHALEPVEED (2 A THPD G BORRBE NI BRFaRigE 3§ electrically
insGRIE froff gfdimﬂé@liﬂéiﬁﬂnhgn@ B¥ dieléemcoﬁﬁﬁilatmg ring 33 under certain

ci rcunst ance s 33 and 34 ar oaxi th ,axis
CircumSIaRReS GRS SIRSUTRANY AOMPSEPY (S EHOBS CHE e SHEE hpumstances.

Riltg%ti%oemdej@&k @R afSSBUXEY 1 L Ainasttdnd Horiz8ntall) BéddeehQRe outer edge
ectrode assenbly 14 includes central el ectrode 36,

of bertom glecpdhasagmblyl 13 andirinadBng a bottom face 36a nade

' [od%fq %g%‘iéau%ak 'axseﬁﬂgy%tlhe!lﬁdwern&aﬁaec@éde $6tohkial witlekis 11 and

nt am nat e cemstryo pasmalnreglon
hadng @l gtony face3¥Hai matle Qéslqcm@lﬁaqonﬂa@mlwﬂ(%6111§%mt does not

corﬁ%nﬂi Eﬁelﬁ{g%&hﬁé V\? Q'lﬂgl%g{o[ﬂoﬁ S ﬁ@g%ﬂe @@tlncludes internal

connec ation-to a sultable source _
passig@f(npt sdmmﬁ agéygmermshbquaﬂ opeRings (not gmm hediconnected in

ﬂu: qg’lra 111 QO t %g%u%bl% !4135&‘ 3t7h‘8§ %ﬁé(geés i%ag ﬁbﬁd through the

processes wor . Elect
sh@ﬁerhemi upkaﬁn@ hﬂatmg@na&dablmre ctmalgaﬂag ae ramyeniehtntd5a plasma that

responsive to cont,r o
prdsERr vkiigtS ] faFRTonE Hameile) o hifind BGOU et apsement 45
respofisive POamtlesir@neignal uhal doed‘oiler 2heupplics to lahangdm{erﬁeﬁ via lead 35
poi nt source 25, | | a_signal .indicative of
in FSpmRse do i 1 Pl sikne] Sinpiisd 16 g SialisEth 9 eait Rt 25, as well
as 434981 3icalid of tremperteR Tl efecirdde B802PJerNea by etnpérhture gauge
al so includes insulator ring 38 and nmetal ring 40.

391F§fﬁ5€d318d|1%3$§6§‘kiya1 with axis 11, prefefably nade of

FrASeBY Wﬂﬁ@ﬁd@deﬁllﬁs@hbgﬂﬁg 38iahf nidtMGir540. RRIME %15 coaxial
as an 1 nner perlphe%y abutting the outer perlpher

Wlthefnm 41, peferably madg ©f querta pnd pprroxgnately plisapd wwhrr"as@% Ring 38
ha}%n rpeﬁgeﬁkg{%;y mlﬂgkﬁéo @ ehest &%&aﬁa&eﬁt@deyss Metal ring 40,

e outer periphe I"nsul at or rlnq
coatial itheaxipekl, prasripnert and duiterapéripheries respgetivaly pbatings the outer
o 58 SENGE Tl O ATE s 01
RE and) DIC]grbtlmi pontiales The loMett innenifaog efomgtaltring: 40 is covered by

r.od 42 C [ C
eleé:#nc L Jusula C}m\% ?Hg 4 E!lagréa(nﬁgf aflh%lgctfigal cghé}ﬂ?t(/e Veg@(;tfo%e ring 42.
Eleaqwde aing4R lmeldtara:loateklatr ahyednwith eolayem{noatshowhkof conductive or

. chenm str inre

ingiitne Toaderio), ofah doPa AR o Bntifite e, Bherisly ¢tk Spigsma in region 8.
Rnﬂg 40 id elecandliq inkulated fibny rﬁhgpﬁhﬁlm@aﬂllarl@en(lgéﬂ aidonwdywnwardly

ing 4 1 under certain nces and
aepending flaned (o1 GRmet) o6 AP 41 WIS Geand S siareqs gag is clectrically
cofthdt@¥d i rifpTPARIWSES 12 under other circumstances.

[0026] From the foregoing, confined plasma region 8 has a top boundary determined by
(1) the bottom face 36a of electrode 36, (2) the bottom face of insulator ring 38 and (3)
the bottom face of electrode ring 42, and a bottom boundary determined (1) by the top
face of workpiece 18 (when the workpiece is in place), (2) the top face of insulator ring

28 and (3) the top face of electrode ring 34. Motor 43 controls the spacing between the

5
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[0026] From the foregoing, confined plasm region 8

has a top boundary determ ned by (1) the bottom face
WQew70865¢3 ect rode 36, (2) the bottom face of |iPGUIUS2007/010629

ring 38 and (3) the bottomface of electrode ring 42,

and a bottom boundary determ ned (1) by the top face

of workpiece 18 (when the workpiece is in place), (2)

the top face of insulator ring 28 and (3) the top face

of electrode ring 34. Mdtor 43 controls the spacing
topd ehdvaitoh doafdaaid dfotegivn Bobydasviag thé boegnpifadd bf top electrode

assggl\{)ﬁg t&g\%q 45{ ' a&géghét%gagcef%ttcrOde se?n)% Xssg'rﬁbly 13. Motor
43 Sle§53rdadR QSssgmlﬁ‘oxﬁSconwlef 243td Gétpﬂﬁ:dSpaIcmgabSﬂV@fém the faces of
fromcontroller 24 to set the, spac n%ibetwe

elepipda asembliss 13 Lo b FrRerinentaly &?ﬂatnearpvnmum value for the
partrelfal 'ﬁrgﬁ(léﬁdléé/ thdeLRi&iIthe ﬁla@ﬂh';ﬁw‘@s.\ﬁﬂg oF vﬁ&kpfbb@ 18, as derived from
particular_frequencies that excite the plasm
setoitesoyras®df wor kpi ece 18, as derived from set point
F f d Qg
P B S B Sy e
lowérs #hdeads ofia metenial ahattdvas ngb eentABInaie ﬂteatfhenast@' phthe plasma in
S S r€ h
re ‘i&g @r.mg(ggol?{wérg G44PL1% 1?(99% | giage{}{aﬁ etlrlélze c‘?’:é?{ %iaei%tn‘{lc%lly insulating
(prefesablntai chgle(;moefswla@ guatzdloelsemwhat cleoirically cqnd}rcnz# (e.g. silicon
Iectrlc nduc e ki .
cabigel ST e FEtaE BetigARLBLILT o fosleltidal b e pecurcally
graundéd obbuvedre ddt rare ahélythat narsabahmmlrammhit)ofgﬂmmajﬁdws through the
1Lo vers 44 are ? E@ t hat na subst ant n€ through the slot
slop SR fOiE - o LN Fe BTGP Eoh BEMBLITE BT Brapyhroveh the sioi
betvasfVidhvers ¥4 @ irggioin @8Sin chantighr or) Beemmp\esll tir mdyhing 32 and is
the | ot betmeen | .ouver 4 tor n 46 .i n. chanber
pumger ot srior R SARDS | gy £ § Begugh piAbIS poriy pdran base 19.
(oozu] 4I0uQErsOd4 Glhre rThetlyl Opdexd s &chhdsmughn 3h¢ tveRlcal direction by a
peni ngs in base 19. [0028] Louvers, 44 are@giﬁed

swé%% SPAGRY ATAREHI G r(@?t ?h?wn)@rveﬁrﬁdemendm ByniFglative to each
oth¥iah@Rb %oﬁ@ﬁlcésgg‘ngfyr BOE ARAGr AN califoMibe BRYs@E €n confined plasma
driven up and down'rel ative to each other and to
region Bomlhe §E¢R§P§¢ mgragipmPBiy controlied by prsssurp selHpaigs that set pomt
s S3UPORA 8 ST B0 oI BERERI Al BAEDEn rsion
Controtlce29 &:spomisl todke prgswoa s9t ploindrand shexptpuvsignal @f pressure gauge 48
I e
o SRR e BTEREVIE, AR08y . TR WM G e owes
lowieg Adland ftheptopface d eg]eulg:eiezassqrmbly dit Gxnseqyeotly Athe pmdure in region
h 0 f
o NSRRIt S L U8 OLHBIAG I  souvers
no&m&hhyeiﬁnsm sctiMatinh lof mdthe 4@; msﬁm ¢hd presege @m c8nfired plasma
t.ai ne r set Louy
resio 313 shinanlvh MECoRSEREY GE i trabihabonued! Vi FodkafBbtis 13 and

14t 0 activation of notor 43, so that the pressure in

fined 8 i t d dent .
OB ARSRL e TOR ol PR o0k, S8 SRS LShb of vacius

combinations of several different RF frequencies from source arrangement 51 to

electrodes 16, 34, 36 and 42. The different RF frequencies applied to electrodes 16, 34,
36 and 42 can have different powers and control different phenomena of the plasma in
confined region 8. In the embodiment of Figure 1, controller 24 selectively applies up to
three frequencies from source arrangement 51 to electrodes 16, 34, 36 and 42. Source

arrangement 51 is illustrated as including three separate sources 52, 54 and 56 that can be
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[0029] Controller 24 responds to set point source 50

to control coupling of various conbinations of several
waledoffesamt RF frequenci es from source arrangeneait/uS2027/010629

to el ectrodes 16, 34, 36 and 42. The different RF

frequencies applied to el ectrodes 16, 34, 36 and 42

can have different powers and control different

phenonena of the plasma in confined region 8. In the

enbodi mnent of Figure 1, controller 24 selectively
fix&p Pleg@ency psouecesh bae afer prferablyeow-powes owariable frequency oscillators.

arrag enent 51 to el %citroijeq% 16,. 34, l36 and 42. . th
Alreipatel® spres JEAngament Pl ncfydey & singley 1oyd RoYYEr yinffysizer that can
derfVeItBR e S8R B1ed fRquehci6s: STRZ lovwp foretsoufeek lddilve @adbclitéd w@thble power

frequency sources, hut are preferably | ow power )
gain 7% BOWET ERWHTER Do )Bs variable, Geauenpy prss BRfsqlat ere varied as the

frefiendP 88 e YourcelaskGhted SittPa phitihRr hﬂn}fﬂiﬁ@mrvaried. To this end, each
synthesi zer that can derive three selected

of sousersefei 24 andh¥s Ihagyapospeistsdr Eeauenry wed Ry satdrg 58 and 9.
I
oA A2 MR, GRLSEL R8s AR BCAYbgen 0 it and 1
MHz, dh Ewayensy aftseusesurcis inss pudrangel boivean d OphiHz and 40 MHz, and
e SRS 50 S o FAShUL9 50 a6l ln 27470830800 Mt
ones @ctually G8tednarraiggenionyi ¢l |fyequencies rafgemmess O, surand 56 were
2.4 81N VIS RV . .
esg e LS8 AT N G085 YR o Bl PV Wi
andothe \poeversL6f tHelR B energH Gpplitzd toaregidnh® affe@gbe disyritnftion of the density

of Bl e Webenersy SkBediG biaepolade of B Hait HispRandq fdfon 8, and
the fchemistrycifahe plasmatin esggorb®, 54 and 56 were respectively

t 2 MHz, 27. Mz a 6 . Var.i oys conbi pati ons.
10035f The freAugRsiss Qfsouess g? @8%@@%%’%&% %9) asma because
gredeP dissskisttor &R HIsnd besirs b theddladnid britation Frequbey increases, if
density | asma, the ion energy and the DC hias

. of ) . .
all gther agalfaﬂan{) PlasR £XRMAtIGN PARMESEYreMALR GAnstant, 1y Rafécular, there is

an §AEe&Ase tih theTpetdeftdpe At MRghtBr ERUAANMBlechR@3A)thd Hasma as frequency
frequenci es of sources 54 and 56 control the chem stry

incesseshe Teabigh Heguensiesyppplied tQ)ithe qlasma gesuby in (greater molecular
fragth@ABoPCCUr s as the plasm excitation frequency
I ncreases, if all other significant plasnma excitation

(0034} Bring eleeteadies d 6cirhSitaand 42 with yarious dombinatiansefifeequencies and
po»k%‘r':r 31? gosdrlgest% gagﬂl}xﬁ%te@xgﬁlegfrlheé q%l%ﬁ? fo B¢ &h@% for ﬁairéous purposes,

ec n asna as ency 1 ncreases.
e.ghi whpfovideuandoms erpppnedifoont plesph ademsity,eiml en¢rgy and molecular

[ > nol ecul ar fragnmentation. [0031] Driving
fra%flg@%t?%"des 16, 34, 36 and 42 with vari ous conbi nati ons

[0032] Coeuolierc24 sespoddp coverugpuit rsignato ﬁbuesetSﬁqinSéomel $6and the RF
r_.various

ou RS2l 25l 5155 s B Bl K feanenis o
soupted arrangeamesit t31, to efecandeyy6a6d, 66| @duliarin various combinations and
per&{u@%&eﬂg.t ?%1 ﬁagg%lggrg%]ﬂ{x%g%ﬁrnggegéoéﬁ aglferﬁgggga%tiga%eg g(t)lg)tlr%ller 24 so0
(1) at least one of the frequencies, but up to all three frequencies, from sources 52, 54 and
56 drive electrode 16 while electrodes 34, 36, and 42 are grounded; (2) at least two of the
frequencies from sources 52, source 54 and 56 drive electrodes 16 and 36 while
electrodes 34 and 42 are grounded; (3) only one of sources 54 or 56 drives either

electrode 16 or 36 or only source 52 drives electrode 16, while electrodes 34 and 42 are

grounded; (4) electrode 34 is driven by source 52 and/or source 54 or is connected to
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out puts of source arrangenent 51 to control the

application of several frequencies from source
wa@eangesnent 5 1 to el ectrodes 16, 34, 36 and BQI/US2007/010629

various conbi nations and pernutations. In a particular

enbodi nent, set point source 50 activates controller

24 so (1) at |east one of the frequencies, but up to

all three frequencies, fromsources 52, 54 and 56

drive electrode 16 while el ectrodes 34, 36, and 42 are
grodh@ Wil g dilter Havilg b pasd banddfpfthé firghémyuehsieese 52 ami/or source 54

sources 52 54 and 56 drive electrg
Geadrepuencios F2 ap g avigle ﬁﬁ&@?fﬁ%%%ﬁ% ‘oﬁd%?s %353““"" various
cor8tidis 18 RBLFRRS 52450 andG 64 ahd €5) dedthnie € i%ﬁrfv@d%y%uﬁ&e 52 and/or
36 or only source 52 drijves electrqode 16, [

|
souspe04 Pb desomecieddogrowtd vigr (ifigebavipa p Rase Beach i tha frequency of

soudéd Y2 AnPr S8HcE 6545 earﬁiéq%naeyirg GndF 3 'whife me%ﬂmrﬁdg electrodes
toground via a filter having a pass band for th

16.f3% aud A€ havst varinuscenBtigns fosousensride S4and; 56e
[OO%EF 9%” Cﬂéﬁ (Sjar% %qllﬁﬁ}atm | @nigtfer’ SPRLA! 360, elvﬁﬁé}{ qd e§11table for

ve varilous connections to ‘sources 52,
imlﬂdmeammg soconsnotlel 2) wsed dhresskodients afr the epresept smnn@en Fig. 2A

d/ . '
shebfy P05 PRSPR PIISH Bl o GERRRARY, B0 06 pbledt Tng computer
systein aray/have mny_qﬂ_l_ySifba( forms rarfging)fremcancintedgpated diréi), a printed circuit
bodjgy 3ot Sgf) PEBE RN BefisE S8 oot S eodiles CCORERigs svstem 800
inchidgs a idéniesrdB(2B ai display Bed.ca housiiPBOGra 61yklde1m:“8 a keyboard 810,
arwﬂ’@ Pk B3 ks 4 reopuiBadafe Pefli i Slrdpittes data to and

ﬁf@ﬁpmaesygaﬁsw(be physi cal form of the conputer

em__O course, OE ﬁ gﬁater system nmay have 61y
(003} Ei 2B 15 aralg g HpUnaRrarh 1o R Poted P00, Atiached to
sysiérh 'HuS 820 isCalwWidd 9aristy cﬁ""ﬁb@ys‘i&ﬁi | PRadedfi(s) 8P2V(ial® réferred to as
to a huge super conputer. nput er system 800 |ncludes
cerirahBFcERnG eglts ar G?’Ew ase @@nledaro IFATaBHEC 3RS, inglyging memory 824.

Méi‘ﬁdrg%zﬁ Qﬁelu@esK%}{@&ﬂfaécél Chenftty (RATRY S hd-onB) &%M(ROM) As

comput er - readabl e nedi unmi used to transfer data
is weld khowm noahp@meRwsaceqﬁoemsfqro@m]amt.ugstnu_zsonssu@rmrecnonany to

the Af{‘% dﬁf\(l)\r"i1 s’% ls gqg] t?eglrsféegm it a;rlﬁ;g'tﬁ%ﬁ%qsgigoa bi-directional

.masndasbeﬁmef thirse aepesoo( glensfies (i inalede any duitable of the computer-

rea%?t“% rtglzdlg r&ggéééfgelgp)ut A ﬁ&ecF@%&) 8?225 Qlﬁg %Srgglegg%-directionally to

orage evi ces I NC
CPiLh 822;dm$rovaddnadchuomaisdatﬁe erqge(tﬁémuyaanki ngeydalemlinclude any of the

1 pne t
°°TP'étﬁ§¥e@§i § glegflddéscm%f: 3C$| BRs ul:nﬁ’l(e(Pldrl%cislzgnmlaV ?%Sw to store
prdgh@m$ g add RidVlike ahid éditypically al seyoridary Ismeemediatrﬁ(saddas a hard

struct ons a bi-directional ner. Both, of . thes .
aiskf ot 1 e o R PR BTGt BHTGEY GRBICEAST it e iformation
ret&i08P Witih eacbabliek 828 magle i apfrepriel @ises, el incOepotiated in standard

826 is also coupl ed bi - d|r ctl nally to. 22; |
fasproghasstuabienemasy dn rRemoryct: ge em%p é’wﬁ nr?a(yta%? thy form of

any BEINeE8mpverGEaddble media descrlbed below

[0035]) CPU 822 is also coupled to a variety of input/output devices, such as display 804,
keyboard 810, mouse 812 and speakers 830. In general, an input/output device may be
any of: video displays, track balls, mice, keyboards, microphones, touch-sensitive
displays, transducer card readers, magnetic or paper tape readers, tablets, styluses, voice

or handwriting recognizers, biometrics readers, or other computers. CPU 822 optionally
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conmput er -r eadabl e nedi a descri bed bel ow. Fi xed di sk

826 may be used to store prograns, data, and the |ike
w@ew7i3651ypi cal |y a secondary storage nedi um (BCEYHS2087/610629

hard disk) that is slower than primary storage. It

wi ||l be appreciated that the information retained

within fixed disk 826 may, in appropriate cases, be

i ncorporated in standard fashion as virtual nenory in

menory 824. Renovabl e disk 814 may take the form of
ma Cr)l%ésgf)u%gﬁ tg Zoiﬂb‘tﬁz eﬁ’fcl:drﬁﬂﬂ&b be t?dbmlbhfdle’?%rh\l\using network

is also ¢o tQ a variety o )

interaset §40ut Mith duch eersetwgﬁwt%r ack; é‘p?saﬁ’f”‘é?mp%k“é‘yg‘&hﬁf CPU might

rec&18 infSPHaorP FénPid rePRSkE bf nﬁ@ﬂt odtﬁutgi%ﬂﬁ'hﬂtltlonaﬂ the network in the
I nput / out put devi ce may be any of: video displays,

courseac [pgrfiogming dhe ktwsdhas%rsbedm mehpAopieps:  Furthermore, method
embOHARNRESIhE §Y£e9t’ APLANH mhy RR&IHE ?Jlel?ﬂf Pon' @ @23 .or may execute

magneti ¢ or paper tape readers, tabl yl uses
overci oetvark Hwehvasi the ligtereet ognconivectioni witht 2 r@goiiee‘éHUr that shares a
laﬂ ers. CPU 822 optionallymy be coupl ed
porﬁon%tf g?Qé(;Eg}ﬁ uter or tel ecommunications network
[0036] by additiony lembodanéris @fSthe . preerit nvettion futheorielate to computer
interf Bt | '
stoiae B i & SrB A FIERURHE il dpliydde o code, thercon for
perfdrfmngmta'rions tcomphter+implamdatéd optmationsr Flee oiedipe =hd roompopter . code

d bed method st th
ma RS R Sy ST ArBIR PTGl hioR ot pehresi invention
or they elay bwthé:mdsaal Qﬁo\nﬁy&n@hemlﬂbfbe Mbseahmmm i tltel'bomputer

soiﬁl\ﬁag}: gge'tsg%ﬁ%o yegﬁts a@l&‘i@? el}llxt are not hmlted to:

magfétid inedia ROk @8 iharRNdisk fldppe @ﬁ@&ﬂd margnenitt tap8; bptidah @kedia such
relate to conputer storage products w t

as COBAMs and hplegraphie feyieEsHRAEREI0- @pesﬂpla?@ figheas floptical disks;

and R&1aSRARe tVicBeiHaPhRd fRcidli QUATigRIPY Qbrd A 8X&MEProgram code,
operations. The nedia and_ conputer code may be those

suchpag japplicatigpspgeilly intrgrated stircyits LASIES). t precrgipalledlogic devices
(Plf(lﬁsg DAREM ahd RAN  delice O ExaipledBY. c&ﬁ;l)(lﬁér &cnﬁ 1Kblﬂde Welchine code,

wn and aval | able to those having s
suchaspprpduceddin aaempier, gnd flemenndaining }Eléh?!dfv\é?l -wéaa@élaée executed
oy TS SbulS Ry B, Ll LAl 1, 82t o
tramgpaitted | byne diosn psitar hdasas s'@baR@Mbodwd inok cgrrigphvavedand ceesenting a
seqEAS ARG ERS v el S,y 1 GRLLERL o) sks: and
W Tare> devi'ces at are spe I conflgured to
loosﬂpRtefemdgewactd Eigsr 34F 3 motien vsmh amsshown illustrating a two layer

ication nterated II‘CUIt ASI Cs i
B PRI G530 RSP R 405 S PRGNt T prdance with an
embedinas of Eheainptetiornf Tho nMask ebmpoides a mep phieoraishiayer 302 which is

imEERard Tl ASRBASTE0Cm SR Haforied SREa rein pgr 304 on the

surfawpuft Qr diéfdc&ﬂ: ddyek rBOGI Pichl as s:lﬁmamukﬂe aRAGildon ARAHA or on a

Poléra&yyataélﬂrg%aa lcéﬁgput%’f@ogg ciche S@}*é\/ﬁ t%(ﬂglaye "PhGtotesist 302 and

carb8P303 Q8¥drfds @ processing mask. The amount of silicon in the photoresist layer

302 typically in the range between 3 - 30% by atomic weight. Carbon layer 34 is
preferably a spin-on carbon which is applied by conventional processing; however, layer
34 can be a deposited amorphous carbon. Formation of the SiPR and the carbon layer is

considered conventional and taken alone is not part of the present invention.
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sequence of instructions that are executable by a

processor. [0037] Referring now to Figs. 3A-3C
W@ Wrinas1yvi ews are shown illustrating a two | aREr/URME% (10629

shown generally at 300, before, during, and after

processing in accordance with an enbodi nent of the

i nvention. The nmask conprises a top photoresist |ayer

302 which is inpregnated with silicon (SiPR) and which

is formed over a carbon layer 304 on the surface of a
[0038}314&\0Irﬁag’é bRy gratRad is lﬁﬁhwﬂSmStHel p‘lﬁﬂomﬁsd(by isradiation of the resist

[icon nitride or on

ol stalli.n li.con
thrgah SLEPBER! BEK, BT Al iapRa, CoTsBHOR | RhSReICHEL MegBng fgchniques,

w1tﬁ%h5b€n§x%40ﬂ B0eHf, &R theR rtH&F&ﬁirﬁEQi W layed RAsRB00 4 sulf ected to an
licon in the photore3|st n‘ﬁer 302 typlcallﬁ in th e

oxmngéama gishwhich edghgs ghrongh the paksged | windays 0B #5shown in Fig.
3B3%rHeSoR/eEh & a‘lix?goinyth@ Jﬁ&n{h féﬁc@@fth%nléﬁﬁ' 1ﬁrihé ?héﬁ?&éﬁ GnBY¥orm a thin

conventlona rocessin however, can

o@m:pas laysd oambucph ousiecﬂdﬁtﬁéwhowomﬂg éﬁB oThq ﬁw&nm@mﬂches into

r A% en., kS [ due0 [
ot PRS0, Tk e SLELARORAEEL) BALn R0 SHED o mas
dnmermgm (pﬁttempanemm)lczfﬁ@md in the photor esi st by
| r. t

[00:35[ 9\ f:g‘rdngSY as sglgﬁr\x} elﬁt%ll 3(£r %ﬁ“ﬁ% gfgvil&slﬁlte i Qﬁmﬁgg’&(ﬁgﬁl the oxygen
plakma fand glaesd mvatHydmgen nﬂﬂm‘llegtoafonﬁﬂélenm etghihgt dfahe chrbon layer 304.

ern d two- er, 0.s ]
S e Bt S B RS el G RCFE e Tof QD fm, he
critiédB d&ﬁerﬁ;hm/\ilﬂ layerf309.cad Be r&'dm:edxqgmutllaﬁmm n the plasma
h silicon.in the ﬂl ore i st _an

N
(004BE T Ay By i oo KNI SnEE RiFDXIFEE (@, less than

601@1@12)Tmeﬂw<mmaolp&sdmsoet ﬁshﬁfefd:rﬁbll? tdrdececartbomk amem 100 watts - or
04, but cannot reduce.the critical dinensio

clipisiadhknia WG 15Augesdhe dpierigrationapd mytuge of ége R (Orcsist mask, as

illds@988]inARE QeStidt Wews28f FHAWAA, nﬂf't&ouéﬂ: Figd) ehQH?E Figs. 4A, 4B
structure is renoved fromthe oxy /ﬁ;asna and pl aced

illustratg thy dessdfeof pspisen cyden ﬁﬁﬂhe‘tlsé“& Fo/Net plasg caf-'mﬁ*rey with no low

» frefﬁs”’er ? gt Gkr. 3%he bIHBEE iG] famemaphoé@l@%ah&ﬁam and the

chi'ng than does the oxygen plasma, the
thigkniess @fathe mm@nmgoﬁPRnlayeyﬂéE ig 3 0mm /an@ shews| seriqustricro-pitting.

[OO?EEFF%S\],'V ggl’ gﬁ] arL gQ&EJn Yibw§ ?l'it'iswaﬂ%% M e fF&?s bf] é g.g Nﬁlzcsatlon of the

quency I as vol tage ess t
SiRR 40Revith as /s obewmy wlslcp rfefras amrytepevm sﬁa@on @xidgskayer on the

sur Oag:an fltgg gp@{) rg'm& cﬂaatc f t%— Ehf%h FM H)ef)rort@cq lfﬁ§§ili%§§ PR from

eri or hoAnd ) ng 0 or est st mnas
eroisionu s Heeed, gulasnma ﬂ)ims p@wdm mnemplewed culﬁmﬁgghe pldsmal Btching, and some

.throygh Figs. 7 7B Fi illustrat
mioRttegpra it el JIersth i, B apet b i fayel dov o the
carbbe tdyet 494.wi t h no | ow frequency RF power . The bot t om

critjcal dine on.at 406 i nanonet.ers, and t
1065} EifBuatorn of R Fidthrmiing & B& AApEr S0 AeoRESACHNY) Plasma
ch&ihigi® iS Possible Whé Ao Qbwt fréfhient P RFLpowe g used, inSiBe 6}Jlﬁma but the

section views illustrating the effec é;lof us ng
Ozléj(z' c&gﬂl%ﬁ' Qﬂestnﬁéhave sufficient passivation of the sidewalls to reduce the critical

dimension. This is illustrated in Figs. 6A, 6B where the bottom CD is 175nm, and the

remaining SiPR thickness is 220nm with no visible micro-pitting.

[0043] In accordance with the invention, a required CD reduction without damage to the
SiPR translated into the carbon layer employs a two step etch process in which an oxygen
(O3, 02/N;) plasma, preferably with low or no low frequency RF power, is employed in

the first step to provide oxidation of the SiPR and eliminate micro-pitting to the carbon
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Si PR 402 with an 2/ N2 chem stry which forns a
protective silicon oxide |layer on the surface of the
w@bmtosass st and which acts as a hard mask t o peDUSDINT/010629
the silicon PR fromerosion. Here, plasnma bias power
is enployed during the plasma etching, and sone
mcro-pitting remains with small holes created in the
open area which travel down to the carbon | ayer 404.
[0042] Elimnation of the mcro-pitting of the
layBh OTRe €igst Stepl iS tidh RNpged by @hhpgal @i, Cplasths bfch with reduced or

ossi bl e when no low fre cy, RE po j s used
o Bie TSR PrOYIEe %muerfg?ﬁ?gf%cas&%wﬁy%ﬁm th bigs. 7, 78,
Thé Bbftbml €DL40EEI30AM, aid Be thidknesIEMME remhininE SRR ldyBe402 is 240
critical dimension. This is illustrated in Figs. 6A,

nmogith Ae visiblganiser-pHAZID the carbgRiayeaAl4t he reni n| ng

Si PR thi ckness is 220nmw th no_visible mcro-p
[004dbFig. § is adlay dingeam gt onet srabediineat o6 the arqcetfum éﬂﬂw an etch
maE@ dH %téuggh'%t hak, ﬂas‘m% a 900 h@c§b5’5]4y%ﬁfbsﬂb%€&j oh Ah@tch layer on

he car bon a er n”p oys a two step etch process in

a S\Mfil‘lﬁpfathe eulgsg@tﬁ o, pr@msmc; tmla@lhaa d}ﬁ’@f"@? tayeysyghtas silicon oxide
r r BRHCT THeSc&BBh UG b R€a deposited

or fsm%o git?lg%étcag %rﬁ?ﬁe oxi d: tt| on o ﬁe SLP a ceposite

ametphous gasborni arrospii-oni cabang bothepmamem beipg rknowne whthrasthickness of

ol  oned by a hydrogen (H2/N2) plasma
abo‘i[%%dos?ﬁhﬂ&ggced or no bias power to provide the

G S8 TR ASEEDN 00y 30 kG G BRA LSS fod o

carbbn ldyer mathed thimi@es iRfth¢ mper: of BQO angsteb@ny Qry, 00 dmgst;oms As noted

abc}@es t J%esplnc]ogrlgl;;)re gr am o g %,B%dd%\éxecre{\td' g? 1t§1rg9:4€’\'%ight. The

ph@tbms&s ds Ieﬁpcfs@drtbrigVaIadﬁtloh ﬂmghcm aptabsiasktor.reficle 36 develop a
as shog)/:‘?f %98 a carbon layer is fornmed on an etch
Paiicldeds BV & ace of the substrate to be processed,
[ a d| ectr er s silicon oxide
1067, Eisredd, PSheirn Bt o b Firisti Eted S8, BUER B or o)
pldsﬂmgbr ﬁc”milnbﬁuh @ dfellb)cb‘ébbtﬁig whigh k@bﬁimycmmﬁnh@c?]raoﬁ piyer and forms a
car bon ot rocesses be nown, Wit t hi cknes
siligpn oxiflsy 3‘3@’088 sl 98, ‘i’f %@mremxleye Tas ' % Skrist piasma is then
rerididd, and |tl|1é &%btﬁl@ﬂﬁ %Qﬁ@deﬂd;o m&()% ﬁilz/N@yﬁﬁsrhﬁ at 94@&9 complete

on the carbon ayervvlt hi ckness in the, ran

theggigheshgRenipgrihrpyely t@o@rm&% mempaEanth, & CTi3Y 3"“?'}«?&)“ (CD) in
theSbdchfn@or Sthef %1"&%93?1'1% 8{ g?ée Eﬁd&?ﬂﬁg sﬁsst?a‘tg’%rﬁﬁ%%@% ophing in the

atom C_ weli ght i s exposed
carbgy |néﬂskehfqdﬁﬁ%bh“§ﬂg Histhydapesrepdpsmaz eteticl e to
devel op a pattern, as shown_ at 920. [0046] Thereafter,
[0047] Jhs\indstlymgcetch jayes pp getubptaate ds gheacdehedpsathoym 350 with the

crifi€A1 Ofiinfdhisidg) ind tiRS BRhf ras,exademmw Bt &Qloiemeﬁswmlefdmed by the
partially etches the carbon | ayer and fornms a silicon

hydregere Plasiarat SO0h A lterrriching at P20 theehetossist dayeaped carppe layer are

strfppbd HnPhRBsthate  hen

[0048] Following are specific recipes using the apparatus of Figs. 1, 2A, and 2B for the

oxygen plasma and for the hydrogen plasma in the process flow of Fig. 8:

[0049] For the O2 etch at 930, the chamber pressure was set to 20 mTorr, 1200 watts of
power at 60 MHz, 600 watts of power at 27 MHz, zero watt of power at 2 MHz with
lower electrode temperature of 10 deg. C, and upper electrode temperature of 140 deg. C.

Etch time was 15 seconds.

11
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renoved, and the structure is exposed to a hydrogen
(H2/ N2) plasnma at 940 to conplete the etched opening
W@ broogs13 he carbon layer. Inportantly, a critPCEIUS2007/010629
di mension (CD) in the etching or other processing of
t he underlying substrate through the opening in the
carbon mask is reduced by using the hydrogen pl asna
etch. [0047] The underlying etch | ayer on a substrate
is then etched as shown at 950 with the critica
[0050]NEsthe M2 étch,the ehamibérapressueteivas set t6) 00 inTextj 1200alvatts of power

di_nensi on etche% by the hydro | as at 940, After
at 60 iRz geTavastse) 2 1 Ntz Reroovait ot Mg Srthquet glesisnds tepanerature of
10 & CShhd RPSS hdcRdut fenSesid ot B10 ddp0 8] EtER lihdWvag6@Econds.
loogﬁe0|f|c reci pes u3|n? the apparatus of Figs. 1, 2A

dAp Botedrabple ths figunitage durng hfiHe/dl PlasmaRraresging for frequencies
' 2 fsh f préi : 480 rstts WBGm to,
oGO, M AT SOt a7 bAG9 I3 i oin . o
preferahly,, nq 200verat Thisofedpessemicro-pitingof theopheigxesist dayer during the
4 . . t i .
st Wi 8% QoiRhinalnPRSSLRiog A0 o gy s, ner
gasedapcbe dnfdudednpithatithee gaf. 1Signitisly, ts: hipdrogen iplesmwm preferably uses

Ho/E BR0GR i Bbedibe IORgB P By T ot 60 .

[0052) Thevatvb step 2proddds , foreetchingtd tep Riyk#aaskt in hoswedance with the

inv R FOEeT avera: AR opt 1o R g ok it MR Bhetopesist gver while
redGaing nHs . critit@b Himéwssioro tof dtha baarbon tdyerr f Widlet dge irdiention has been

t he H2/ | asma, processing for freguencies. bel ayw 60 .
desibed SoreliPio A TG REOpP iy BairoBos pfitative of the
invélivh 4rd, isHo$ to BE @bastAlRlas liiRitipgWRE invERtion.I ¥riGES applications may

mcro-pitting. of the photoresjst |ayer dyring the
oceHr 4Q O3S a'eélggilﬂgt.he\mf MEthayt dsREes P e SEirit and scope of the
invéiRhnSlsalkkined b9 & apPend¥d Maingds, inert gas can be

included with either gas. Simlarly, the hydrogen

pl asma preferably uses H2/ N2 gas but inert gas can be

included in the H2/ N2 gas. [0052] The two step process

for etching a two |layer mask in accordance with the

i nvention reduces adverse effects of plasma etching of

t he photoresist |layer while reducing the critica

di mensi on of the carbon layer. Wile the invention has

been described with reference to specific enbodi nents,

the description is illustrative of the invention and

is not to be construed as limting the invention.

Vari ous applications nmay occur to those skilled in the

art without departing fromthe spirit and scope of the

i nvention as defined by the appended cl ai ns. CLAI M5

What is clained is: 1. A nmethod of processing a mask

for use in fabricating a sem conductor device, the

12
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mask including a carbon layer and a silicon containing
phot oresi st | ayer on the carbon |ayer, the photoresist
WO 2008n3458vi ng a pattern devel oped therein, theP@BURA7/010629
conprising the steps of: a) partially etching the
carbon mask through the pattern in the photoresist
| ayer in an oxygen plasma, oxygen ions in the plasma
reacting with silicon in the photoresist and formng a
surface | ayer of silicon oxide on the photoresist, and
b) etching the remai ni ng carbon mask through the
CIpgMS8rn in the photoresist layer in a hydrogen ion
plasma. 2. The nethod of claim1 wherein step b)
enhances critical dinension in the sem conductor
5éV 2 gaﬁe fabricated. 3. The nethod of any of
cl ai ms 1 2 wherein a critical dinension is est abl i shed

1 o) adnelodiot Ao asing A andss AR iseo T AP E @ Sicohpugtor device, the
ma§§‘ HRdIng ¥ cRDORNaRe |aﬁ&’a@ﬂMd¥n coRtathify pRoBré&dist Mbfer bh the carbon
r educed durlnP step_b) below 100 watts. .5. The net hod

laygr, thghphaseregislaygr havsnsm eattsTA dewelopgd thstrin. the msthaskromprising the
wapop plasma etcher is reduced during step b) bel ow 50
tts. 6. The nmethod of any of clains 1-3 wherein RF
pO\Ng; Q’ﬁbﬂﬁl"e@%%e 'c&b%n%@ﬁﬁﬁro%%ﬁ RQY pdtters BFHE PHotoresist layer in
durlng step b) to zero watt he net hod of any of
an gkygapeplasnea, Wrxeen ionf in thedplasma reagtingyih silisoadarghe photoresist and

r I S ing of Q2,
o L A

rret B9 gtcﬁfnglslﬂé! réiﬁaxﬁir%‘rdﬁbdln rha$BE&igh thé patté&R iR the fidtoresist layer

hydrogen plasma is om a gas sel ected fron1the group
in g bydsogen o plasm®/ N2 and H2/ N2/inert gas. 9. The net hod
of any of clains 1-8 wherein the carbon | ayer

2. conyihe sessherbpbalpined vehaseipistapsh) cahanses aritivhldimenrign ipthe
smﬂﬂ%n&ﬁmﬁ¥&y é}%&%gﬁ%a J) the carbon | ayer conprises

pin on car 11. A nmethod of etching an etch

3, layq{he%?etﬂo(fg @fﬂéi&.w1-§m&.g,ﬂtaecrﬁfemlmﬁﬁnnpsﬂabhshed by the

mng a | ayer carbon on

ratjcenferxy gt praemmengmag todywsirogein plasmaetebingt cont ai ni ng
silicon on the |layer of carbon, c) devel oping a

4. pat {fldeméthod hEamhef eaies k8 w}@y@n Ripowerdielowy 6ONEHZ meeplasma

etc?lF.r SRR 'd[lnﬁ‘E sRII PR P Rare®Xy9EN TONS in the

5. The method of any of claims 1-3 wherein the RF power below 60 MHz in a

plasma etcher is reduced during step b) below 50 watts.

6. The method of any of claims 1-3 wherein RF power below 60 MHz in a plasma

etcher is reduced during step b) to zero watt.

7. The method of any of claims 1-6 wherein in step a) the oxygen plasma is from a

| gas selected from the group consisting of Oz, O2/N,, O2/Ny/inert gas, and O,/inert gas.

8. The method of any of claims 1-7 wherein in step b) the hydrogen plasma is from a

gas selected from the group consisting of Hy/N> and Hy/Na/inert gas.

9. The method of any of claims 1-8 wherein the carbon layer comprises deposited

amorphous carbon.
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reacting with silicon in the photoresist and formng a

surface | ayer of silicon oxide on the photoresist, e)
wermhisgit he | ayer of carbon in a hydrogen pl aB@mEUS2007/010629

thereby form ng an openi ng through the carbon | ayer.

f) etching the etch | ayer through the opening in the

carbon | ayer, and g) renoving the | ayer of carbon and

the | ayer of photoresist fromthe etch layer. 12. The

met hod of claim 11 wherein the carbon layer is forned
10.DY  Fhé Rl oCaiytsTrt1fme 68 heiX dhe chebonllafer®inkiitte®Epin on

claim 1l wherein the carbon layer is forned by
carbh3Pé)-on. 14. The method of any of claims 11-13

wherein the | ayer of phoforesi st contglnln silicon is.
11.depds medepdorf F%B‘qga&?é‘r‘db’fayefa‘?’b% semipgnaugier %’é‘ﬁ‘i’i@& cgmprising the
stepyof: Of claims 11-14 wherein the thickness of the

carbon |ayer is on the order of 5,000 angstrons. 16.

Thea{:ﬂﬂ% PiayRP¥f @frbé éh e eldh hHemherei n the

t hi ckness of the photoresist layer is in the range of

800pPRESHiAS A Fayef oLpititbreaRfdntfiffhg slifconldiftheBiyeedf edrbon,
any gf clggnsyfl 1% wherein RFHggver bel ow 60MHz in a

pl aéﬁ@e&ldﬂ?%ab&ﬁérﬁdﬂﬂﬁdpmmbﬁgt 15*&;) e) bel ow 100

watt's e nmethod of any of clains 11-16 wherein

t hedfétcRingRhe RSLPYF ElfbddTh dnoxd/gBh @ﬁﬁﬁlaﬁbif@h ibss in the plasma
reduced durln step e) below 50 watts, 13@1 nethod

reagiingyyjth sflicondn A the RhOtagsigkAnGHPRmIBE gifjcqppxide on the
phddkégsplasna etcher is reduced durlng step e) to zero
watts. 20. The nethod of any of clains 11-19 wherein

the LeRink ANETayEPHPEArSESin I RbEG BlasmABlcRydHormiglan
e?t ng agny of cl allnmswll %qi\;/\her ein the g?cg opening

thrq»eahethe@eﬁbeml%:@g polycrystalline silicon. 22. A vacuum
pl asma processor for use in etching a mask for

senfaseling ths eteh lnyer Browgh the peening P<“ thearkangyer: and bon

| ayer and a silicon contalnlng hot or esi st | ayer on
thegmnzfaﬁng thrdayeriafcaghonsnd thy @a@rs%fcn hotessisy Epmghe giph layer.
pl asma roceSS|n champer, b) a substrate suppor.t.
12f or T§‘9 mf‘ég‘?q %CIP‘H% L athersim thecaaporlayerds formmedick spip Pn ¢ carbon
pm@gss @oth. one el ectrode for providing power to the
pl asma processi ng chanber including bias power to the

13 SUDTHE M&hSHBPAATm 11 wherein the carbon layer is formed by deposition.

14. The method of any of claims 11-13 wherein the layer of photoresist containing

silicon is deposited on the layer of carbon.

15. The method of any of claims 11-14 wherein the thickness of the carbon layer is on

the order of 5,000 angstroms.

16. The method of'any of claims 11-15 wherein the thickness of the photoresist layer

is in the range of 800 angstroms to 2,000 angstroms.

17. The method of any of claims 11-16 wherein RF power below 60MHz in a plasma

etcher is reduced during step €) below 100 watts.

18. The method of any of claims 11-16 wherein the RF power below 60 MHz in a

plasma etcher is reduced during step €) below 50 watts.

19. The method of any of claims 11-16 wherein RF power below 60 MHz in a plasma

etcher is reduced during step €) to zero watts.
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d) a gas source for supplying gas to the plasm
processi ng chanber including gas for an oxygen pl asna
WO 200788@hs ng t he photoresi st | ayer and gas f orP@I/US2007/010629
hydr ogen plasma for etching the carbon |ayer
underlying the etched photoresist, and e) a controller
for controlling gas flow into the plasnma processing
chanber and for controlling RF power during the oxygen
pl asma etch and during the hydrogen plasna etch. 23.
20.The Tha entghoddaiyrofiul dinssider9 oherimthe e2ch lahar aintprises a dielectric
cog@roller reduces RF power below 60 MHz to bel ow 100
m 's during the hydrogen plasna etch. 24. The vacuum

pl asma processor of .cl ai erej,n the controller
21 o 1B Sy B SR TR e ST ERIPING | ng
pollyBstafiiieogiecbnd| asma et ch. 25. The vacuum pl asnma

processor of claim 22 wherein the controller reduces

22 RF povuuke)h1a%h S Prddelsol orafe ¢n bthingtirnhsigfdr Remivoddagen
pl asma etch. 26. The vacuum pl asma ﬁrocessor,of an

| as : y_of
fabgication thompsk ipskidingha eabop dayer and asilisey Gentaping potpresist layer

on %] Ebsiflal 0 Med Y18l piResORSbMmblifidgof O2, O2/ N2,
2/ N2/ineft gas, and O 2/inert gas. 27. The vacuum .

pIagggpgggﬁqﬁagggggcgﬂﬁbgi clainms 22-26 wherein the
gas tor an oxygen plasma is selected fromthe group

cong g tshbiiratd siport faNsuppdhthidy the 8émiddaductor device and mask,
| c) at least one electrode for providing power to the plasma processing chamber

including bias power to the substrate support,

d) a gas source for supplying gas to the plasma processing chamber including gas
for an oxygen plasma for etching the photoresist layer and gas for a hydrogen plasma for

etching the carbon layer underlying the etched photoresist, and

e) a controller for controlling gas flow into the plasma processing chamber and for
controlling RF power during the oxygen plasma etch and during the hydrogen plasma

etch.

23. The vacuum plasma processor of claim 22 wherein the controller reduces RF

power below 60 MHz to below 100 watts during the hydrogen plasma etch. °

24. The vacuum plasma processof of claim 22 wherein the controller reduces RF

power below 60 MHz to below 50 watts during the hydrogen plasma etch.

25. The vacuum plasma processor of claim 22 wherein the controller reduces RF

power below 60 MHz to zero watt during the hydrogen plasma etch.

26. The vacuum plasma processor of any of claims 22-25 wherein the gas for an
oxygen plasma is selected from the group consisting of O,, O2/N3, O2/Ny/inert gas, and

Oy/inert gas.

27. The vacuum plasma processor of any of claims 22-26 wherein the gas for an

oxygen plasma is selected from the group consisting of Hy/N; and H,/N,/inert gas.
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