'636{82 z$.6& Tz QX+P 14431 PCT METHOD FOR CONTROLLI NG ETCH BI AS OF CARBON
BESEBCEXI DE FILMS 5 10 15 20 25 BACKGROUND [0001] One of the trends in the
manuf act ure of sem conductor devices is to shrink the size of

sem conduct or devices. Therefore, the size of conponents (egﬂlﬂ%lﬁlﬂlﬁﬂw&m,m,
vias, contacts, interconnect lines, plugs etc.) that formthe r

-devi ces have correspopgh £8 i Ia%%i ha results in 459159+
IR g i N

havi ng subm cron di nensi ons, necessitating the routine fabrica

subm cron structures such as trenches and vias. [0002] Due to the &#PTer
si ze of sem conductor devices and the increased density of the conponents
t hat 5f orm t he seni conduct or devi BACKIGRQUBdEEential to control the critical

di nensi ( f the conponents, The CD of a cqQnponent is the dinmension
of a spggﬁq]i]gg‘se)g‘gg%??rﬂfisf%% acfe iql??’ﬁo”d](‘-:l%t%ae‘t“éﬂséﬁ WribEak thersizecD may
represent, the width of a patterned |ine or_ the distance between two |ines
necessardf thesemucandastar dayicese Fherefoe thaizajeficonwonenie et g trencbes \damsi st ency.

If the CDs of the conponents are not controlled, the conponents may not

per f or mcap@oisdintegconped disesy plugp e fthatdoino the s¢mi@ndudoraicyizeghaleange i n
resistivity, capacitance or other electrical specifications) resulting in a

degr adatcomraspohdinfly qoatifesdTe 8kenkof THi$ R s16 T @A Ml6dse in BEIESSy oFiheEVEN in a
catastrophic failure of the sem conductor device. [0003] In order to

contpol cohipohdatOthat ﬂ%ﬁn%’é@g{?&#&lﬁctof i&@.og'ﬁ&%'i, g@ﬁﬁ@@ﬁ{%ﬁ%@&ta‘ﬂ e the

conmponent s shoul d contr ol ast the et fas I's the

differe n.the desire i nensi.on patterned after. photolithography,
and the %r‘#%‘%‘s&%ﬁwgk rt]Ifehcé’ el ﬁﬁ%ﬁ gﬁ‘f‘n%ﬁ‘{bﬁfﬁ?{%? df’B?‘?‘?é‘H‘S’a‘fef"éﬁS“‘g‘f fig. For

exanple, if tthlﬁ-' desired wi,dth of a trench is 1~ m , P 14431 PCT (patterned
after pHABHHER &Qp%ﬂﬁﬁ“l’gﬂﬁopfﬁ‘t‘%@eb?%&éreﬁ%}@éa’t“b"’#&nuf acture the trench
etches a 1.30,u mtrench, then the process is said to have an etch bias of
+0. 3 pml0Q9R} ik ta thesmraller sire ofi ssmisonductordsvicss rrd the indreas@bdertsity bétheonponent
may not be maintained, resulting in a possible degradation and/or failure
of the sempensntithatoiorm¢he semicdhdp@oDddvideiitisressentifi-td Contkd] tisd ¢ritical a prior art
process used to etch a trench in a dielectric |ayer of a sem conductor

devile. diMenshuaei(0Dspsfdhdedipdikhts] The CDNES Aédmpinkht 8RR B@GBERIGh dMAt
conponents e.g., trenches and vias may be used in dual damascene

| Nt eQr Al ocbRVRT lihdt BhR! SORARGIdRsioh Mlorbies Tk BFH bt rdfieBly hpisul at es the

copper interconnect lines, vias, confacts, etc. in Figure

A as %ﬁ%qu%&%e(gﬁMé 8re(hé‘ Qgtaﬁgengert%vgeenstwao 1S lf)lgcnessary to maintain the

semiconductor device’s performance consistency. If the CDs of the components are not

controlled, the components may not perform according to design specifications (e.g., due
20 to a change in resistivity, capacitance or other electrical specifications) resulting in a

degradation of the performance of the semiconductor device, or even in a catastrophic

failure of the semiconductor device.

[0003] In order to control the CD of the components, the process used to manufacture the

components should control at least the etch bias. Etch bias is the difference between the
25 desired dimension patterned after photolithography, and the dimension of the component

actually formed after etching. For example, if the desired width of a trench is 1y m



10 doped oxide (CDO) dielectric layer 110. The CDO dielectric layer 110 is
Al1¥HHdund conprising Si02, C, and H, and nmay be deposited by any one of a
variety of methods (e.g., chem cal vapor deposition, by spinning the CDO on
a wafer etc.). A photoresist layer 120 is deposited on top of the
dielectric layer 110. The photoresist |ayer has a wi ndow 130 having a width

-equal t adith of the, trench. In a positive resist technique,
19 The. pheraneiell pholGbgEn e }ink BERES wr i m BN TR Sh R s
developing Solution %o renove the portions of the photoresist |ayer that
are expdskdlk 8 trenghy thenrthenaecspsets s g havelanteh biaseftt 2 9im hHaphgagresi st

| ayer 120 after the portion of the photoresist |ayer that is exposed to

light i setetebiayigdindésnablbay iR D betHRabihpdléd: lmajtyrhoE Bemalrtaidid, Eesaﬁiﬂg?ﬁaat e that
negative resi st techniques my also be used fo etch conponents €.g.,

trenche 1 . i B ] tr s the seniconducfor
devi ce ?’&?ﬁg t% g?ﬁgﬁéo%%g%g?ﬁu&:{)ﬁi%gﬁré?gf}dl.{?{é)z dgiiéﬁ subjected to a plasm

etch .pr wJhe pl et ch process conprises exposing the sem conduct or
devi o 100P4) Figures TASC Dirite aimrior art pracgovises tioriFhe Ugaehipe dilecta g, CoFo,
or CF4), oxygen or nitrogen, and argon in a reactor. The plasma is struck
at radi daxer 8hassmigondugtor dpyger Ongihavieg erdingey el rothe antovtl appreciste tiste pl asma
etch process is P 14431 PCT anisotropic and a trench 135 is fornmed after
t he senicompdnatoe.gdtronches aBviasmay b¢ eseddn duia datmasqehe megration dfeoppact or f or
a predetermned tinme period. Due to the reaction of the plasma, and in

par t i culintercohsectsy yybtheidielédnte Ry asnulated the thspep I@BbihecAiHREVigONt ai ni ng
species CH3 etc. in the sidewalls of the trench 135, gasses e.g., carbon

di oxi de cafdcts it ORs HRRRSK ifPigRFE1A & 1 @(gﬁgg%g%gg@eﬁfg &%p?irs?soa{ga?’ \£ carbon

contai ning species fromthe sidewalls ctrirc layer 0

resyhts 4 hOR: j e .etion. reglon. 140 is silica like
and 15" deBeoHEpl CoORBelsERiatist . ThECOEREkHAR SRR BTincopmieid, ¢ Used
during the wet clea rocess. [000 Figure 1C il l ustrates sem conductor
devi co FOBPHRRESI TN i ﬁc%ﬂgbb%&lé@élﬁed ay qnejof 8 variety of methody (g8, 1 C,
the ashing or wet clean process renoves the photoresist [ayer 120. In

addi t i ofhemical vaper denesioprycpinningthe DO pna vdrietq.). oh phelgresist Iager 126d causes
the wwdth of the trench to be larger than the CD of the trench (CDO bl ow

out). Havdepgsitedianetap bof thiedlidiedtrae haer t10aThe pbotoRsist laybichasraemiatiow 430
undesirable. If the depletion region 140 is left in place and not renoved

- by the \hetingheddthagosias she Chef dieakide 6fithe Gomdl dAh politivefesishRcigphet i on 15

region is increased. This increase in the dielectric constant results in

t he 16 elieesHotdredigtBfer D20 RExbERA t@figﬁ%h\d@vaépefarinhﬂéwl%éigggolﬁ%ﬂoi al, and

results in undesirable capacitive Crosstal k ‘between a ent copper |ines.

BRI EF d J ' f th
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necessari | (gr to scal e. For exanple, the dinensions of sone el enments
may be 835&%"5 F‘g]t‘ 1§ remeved, Onghayangerdinaphskil in the artayill appsgeiatethather , wher e
consi dered appropriate, reference P 14431 PCT nuneral s have been repeated
anong t Hegative Kesiss tachnigues e dsebe wsed o pidh ngmpoeneatsad. g givershed, eimsetcs. [ 0008]
Figures |A-Cillustrate a prior art process used to etch a trench in a

di eRect [00H5] Fypure dB iHugewdsahnshndtaiduciey detce 04RO e (D OW@ectaLtaGer
illustrate one cycle of a process used to etch a trench in a dielectric

| ayer Ohagb&RRUKEAENES Dplagfy bER pRRER! dhBPldsa RS ;ﬁ!é&}égggdmﬁﬁse%éﬁo%g

invention; [0010] Figure 3 illustrates a second cy f ‘a process-used to

etch 3 WefliednBudoflh G001 2 bGh Bhupfiff ToGABH HibRAe JRYEES GfcOrding to

one enbodi nent I nventi o

C,Fg, or CFy), oxygen or nitrogen, and argon in a reactor. The plasma is struck at radio

frequency (RF) power in the range of 1000-4000 Watts. The plasma etch process is



001%] Figure 4 illustrates a sem conductor device after the renmoval of the
%ﬁﬁ? dsi st 10 | ayer and the polyner fromthe trench according to one
enbodi ment of the invention. DETAILED DESCRI PTI ON [ 0012] Described is a

met hod for controlling etch bias of carbon doped oxi de based 15 dielectric
films. In the follow ng description, nunerous specific details such as

.specific_n jal s, .reac . pressur.e, ..reactor wer,. e .are, set forth in
or der toanggr% It)r\% fggang at%(l)l??]bij%‘rnlsg?l e?isatﬂﬁhﬁ’feﬁarntff)n?‘??gord{?ngﬁﬁmsé’%)é’ﬁﬁg(ﬂ? nents of
the present invention. It will be apparent, however, to one of ordinary

ski || i nihe Rlesmpin the geactas dorgneredgtermiped time periark ous tofthe eactinmeafdbg i nvent i on
may be practiced wthout these specific details. In other instances, 20

wel | - knavpsmeea eied ingpastiowlar the orygen hathe plasina v thrthel egganiclverboh @omaming
unnecessarily obscuring this description. Those of ordinary skill in the

art, w tdpetieCHpelcuinlebe sidewallspifitientrench 1185 asableg. tearboRai i@ dndaajoapr i at e
functionality w thout undue experinentation. 4 P 14431 PCT [0013]

Ref ersencfiéndxidd 46 redeRed. f TieAddpRifioh @f Bfgﬁﬁic%gmmcg@g%;sn#e%t@gigiﬁpﬁq fent”, "an

exanpl e enbodi ment”, etc., indicate that the e scribed may
i | ud i I t . terigti byt
embod: oo of e TRO BRI, 1518 sy 1E! AR AT Ebn TA0T ThetiuioRcy ur e,

or characteristic..Mreover, such phrases are not S necessarily referring

to the ggﬁ@ng%mﬂﬁgﬂ{b apgﬂst??é\TY St\%ﬁ%‘fﬂé}’ ugrideden sentgiping seagents thatareur e, or
characteristic is described in connection with an enbodinent, it is

submi t t ai¥ed Auping the wet gleampracesse knowl edge of one of ordinary skill in the
art to effect such feature, structure, or characteristic in connection with
ot her enid6kf] ftigere Mhdhbeateosenicindastpt devitd Y00ddee tHebed clehd pfdeeskd]AsEach cycl e .
of the method used for controlling etch bias of carbon doped oxi de based

di el1@ct rillastfatddris Fegui® [ € Si86 adhilp 61 WERERA Procdsd fefndledthe pR&©GresRt lagd tlpe CDO
renoval process (illustrated in Figure 2B), and a second process called the

pol yner 1Hap@isibh, tROWBf QE&Stobdsh Hﬁ%v%@ih%%ehfg&ti% flidh 740 and Rl theliGinCPO

removal process, a first gas Is used alo gh reactor power to

h. i f.th
o, SRR A0 RO AT R PR SRR e
AR i M VAT T e R AN R

| oner reactor power to deposit a carbon polymer on the sidewalls of the

t rench. Plasesned netrsmavehy thefwet plean prosessi i didlériricennstiant ‘YA of haslepletimi ecul e
conprising a second ratio of carbon atonms to fluorine atons, 20 such that,
~ t he 15at iregioh isdacrbamed aTbisendreast intheidisdecatioomstant telvaitssie ciendlelgasic leecul e i s
greater than the ratio of carbon atonms to fluorine atons in the first gas
~ nol ecul éeirpHessedfebire 3 ahyntatiag pesdriatdnd vésuig il iRlefiabY @had8POsbEd- On
process protects the sidewalls and prevents a positive etch bias during
subsequqakb@{‘@langajg&qﬁ@@ﬁ,erﬁmg_s, during each cycle the sidewall of the
trench is protected while the bottomof the trench is etched resulting in
25 m ni nrum CDO bl ow out . P 14431 PCT

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] One or more embodiments of the present invention described herein are illustrated
20 by way of example and not by way of limitation in the accompanying figures. For

simplicity and clarity of illustration, elements illustrated in the figures are not necessarily

drawn to scale. For example, the dimensions of some elements may be exaggerated

relative to other elements for clarity. Further, where considered appropriate, reference



%0015 When form ng a sem conductor device, circuits often need to be

i Tto electrically connect one device to another device. One nethod for
form ng an electrical connection is to formtrenches or openings in the
substrate overlying, underlying, adjoining, etc. the devices which are to
be connected. These openings are then filled with a conductive materi al

(e.g. c fforma conductive dium [Ln one enbadi nent of the

i nvent i on;%% éi%sehzg'reeb(r%(e: fpedted 3?8?%{118 qgffreglf?r{ﬂdﬁatq %FP@W&P@O%%r ising a
CDO dielectric layer (that insulates the copper lines) grown above a
substrat Wﬁm%la.photo resi st |ayer deposited above the CDO dielectric

| ayer. One having ordinary skill in the art will appreciate that other
structures and materials nay be used to forma senm conductor device 10 that
conprises a CDO dielectric |ayer. [0016] Figures 2A-2C illustrate one cycle
of a prd8eA8) Kigwxes 4 A-€illystratera iz iartiprocgsyiusefl éxeteh 8 tienstein agfielectsietiyeonduct or
devi ce according to one enbodi nent of the invention. Al though, the

enbodi neita sedhicenduotarsie®ike2C descri be etching a trench, one skilled in the
art will appreciate that the process illustrated in Figures 2A-2C may be

used 5t 0 [000Y) KigyredRANC Mlisktrd® oRe Bycle BF ApraRbs-usbdioChR IBLRLIRL didldfough the
enbodi nent of Figures 2A-2C represent one cycle of the etching process, one

having qaetkBas ﬁelﬁxkﬁbﬁduc{oﬁ dIE\Ifrﬂli@(jE ﬂdg&é&é ‘ng dz'nlg Qﬁﬁ)ﬁhﬂeﬁg é@t?& %hﬁé@l e cycles may

be used to etch a trenc ectric r exanple, if a

trench N x .J.5 desired, for two cycle process, the first cycle may
ot on o (0Ot AR SlsondGroBaramisitt vl ing R s el inadiflentitns
such that x = xI + xz . I.n 20 one_ enbodi nent of the invention, the nunber
of cycl e&reh gk smgic f@‘ﬁmf Aevies anserling:ioamg smbadimeat eithe Kiyestonsf t he CDO
dielectric layer 225. [0017] Figure 2A illustrates a sem conductor device
220 conif94ll Kaguredptustratdsecemieontugter devi® afiththe @B dil of thetphbordsayer 225
conprises CDO (e.g., a conpound conprising Si02, C, and H) formed on

subdor atleyeR irud thOpelysier floarithe mrehdteacaoiding tolonapmbedingheot thainvehidn. 6 P | 4431
PCT may include porous filnms and organo silicate glasses e.g., Black

D anond manuf actured by Applied Material Technol ogies Inc. of Santa Ana
California, or Nanoglass E nmanufactured by Honeywel|l Inc. of Morris
Townshi p New Jersey. In one enbodi nent of the invention, the value of the
dielectric constant "k' of the CDO dielectric layer 225 is 5 |l ess than 4.
Substrate 205 may be any surégiggggiﬁikﬁggg;pﬁsn maki ng an integrated
circuit. Substrate 205 may i - , active and passive devices
that are formed on a silicon wafer such as transistors, capacitors,
resistors, diffused junctions, .gate el ectrodes, |ocal interconnects, etc.

Substra na l.so ipcl.yde insyl ating.materials that separate such
active iﬁ“ﬁgi’sﬁé‘f’ﬁ’ég&eﬁﬂ“f@’&d# ro"rﬂ“ﬁ"ﬂ‘é‘ﬁ&&@tgqlﬁlﬁé)flcéﬁt@f‘ dSPeqa‘HS}‘i‘? Wsehat are 10
forned on. top of them 40018] A photoresist |ayer 230 is deposited on top
of t éfﬁ@c&‘l? s (lp ¢he fallewing msscriptign grmeseussipeeifie details reh ap apesifict er ned t o
define a trench that will be etched into the CDO dielectric layer 225. In
one enb&iterials, regrtor heesswig geaciaPowWeh stopatetset foedi in pulecto pravidhe tirougr esi st

| ayer 230 has a width equal to the CD of the width of the trench. In a
posi ti vendgstarding of the ohaormere dnfitmdiphaitoofthe picstayevendd® It viPdkt er ned usi ng
conventional photolithographic techni ques, such as masking the photoresist

layer, epReaitigvidver, iRekest drdingy skl initBrt (R0 he oA Br Hl%ifé;érﬂtsﬂdﬁﬂeﬁtb 6f

unexposed portions in a devel oping solution to renove the portions of the
phot or egi . i.ant f or.m windgw 240 in the

phot or eﬁ@#ﬁ%@&&@%ﬁ%ﬁeﬁ ﬁ&?ggilt?l§¥éetislg%%ﬁgécg%% e&gﬁess iIrslt0 "éy’é?anﬁ%so after

t he,port i of 20 th hotoresj st |ayer that is exppsed to light is

r err%@ed W e&ﬂgmowﬂglaﬁ g'i ’Hﬁt?‘?g VE ot bpepdes ﬂtbf’é {0 POl ypIeeSSHiE t hat negat i ve

resi st tgchniq gs may alsq be used to etch conponents e.g., trenches, vias
etc. [062%pringthis desghiptiqny Thosgieherdinary skibinsthepit onitiy thedncludagi descrintion; s
placed in a reactor e.g., a plasma reactor (etcher). In one enbodi ment of
t he i nv&all bpablethinplemens sppwpriate fengtiosility witholii ghiue axgkrinemationg t he
photoresi st |layer that is exposed to light is perfornmed 7 P 14431 PCT in
the plasnma reactor. In one enbodi nent of the invention, the reactor is a
Magneti ¢ Enhanced Reactive lon Etching (MERIE) reactor. In alternate
enbodi ments of the invention a convendional reactive ion etcher may be
used. In one enbodi ment of the invention, the CDO renoval process is

ani sotropic. In one enbodi nent of the invention, 5 the CDO renpval process
conprises a plasnma etch process. During the CDO renoval process the

sem conductor device 220 is exposed to a plasnma conprising a first gas

whi ch includes a nol ecul e conprising carbon and fluorine atons having a

o, o - I oy Y 4 - oy o I Y L Y M



FOO%%% I n one ‘enbodi ment of the invention, the percentage of fluorine atons
KR W®ETfirst gas used to formthe plasma in the CDO renpval process is

hi gher than the percentage of fluorine atons in the gas used to formthe
plasma in the pol yner deposition process. Thus, in one enbodi nent of the
invention, CF4 is introduced in the reactor for the CDO 15 renoval process
.and CAFQah i i A . tor fon the polyner, deposi,tion process.
[ 0021 ]qp?lﬁér%tféer%g%ﬁgp %:Pﬁe %aﬁgf?:fonvo&ﬁtefr}?&duqew f %’Pb%fﬁ eWay aBonpri se
atons ot her %ha arbon and ,Iuoringﬁ In addition to the first gas other
gasses SHRRPELMPOIHRGNT, 1oy RdicRie that “QPEE‘?F%?SCQP%“IB@%F%@M in the

pl asma. | n one enbodi ment of the invention, the ratio of the first gas to
ar gon t dPagioplpe feature,1orugiOre; gr eharastteristie, Hut pvary gambodiment @8y A0negessaslyof 20
argon, to 10-20 parts of oxygen. In one enbodi nent of the invention, the
rati o ofindlbde the paticglasfeature syoctuteporoctyepeteristic. IMbfEoter, buthtpgheaseemeinot , t he
plasma is struck at RF power in the range of 1000-4000 Watts for a twelve

i nch swafrgessdrily &dterrRghio tesBimk efbolinfent. "M@ Hek, QPhenREaPRMRr f8dturehi ch the
plasma is struck for the CDO renoval process I's higher that the power at

whi ch t S | . I i tio r0cess., A 25
conmor ci STy PEpSRAHE L deBhritklln B R FRBATLMRIERACHS Sipatite
frequencj es, etc.. P 144 PCI may. be used. t.o _generate the plasma. One

vt g P TS Nihe KIoW eRem 0T Choindly SR Afcan Reaticet bk eadie oy, be
struck at other powers for other wafer sizes. In one enbodi nent of the

i nvent i SHUCtIse O ¢hatacteristiin gpnpaeqtion withetheyrembedipagnts whether dsaptwsmlicitlyver al
tens to hundreds of nforr. 5 [0022] Figure 2B illustrates the etching of
trench 28%rib¥dhe CDO renpval process is an ani sotropic etch process wherein
the bottom surface of the trench 250 is etched at a faster rate as conpared

wi t 10t hq0@Ht4g fHavlgcydle dfthe giedddwrtd for @bntdlEng el bias 3BarbéM@oped okl hi gh power
at which the reactor is operated, ions in the reactor bonbard the bottom

sur f ace paledidifledtri€ Rfils otfbrites AvaIproalssds, b &t & 8}&@& daligq Ef.eg?%@@&hé%al The

presence of the plasma in the 10 reactor together wt i on bombar dnent

causes 3 k t nch 250 t etched gt a.greater rate
than t hg) ngée)(tﬂIiA‘/%prl%a “Lg%gﬁe?emf Elgdﬂ%ﬂl&cﬂprfggs&@ebdﬁtge B&élﬂlgﬂg?q?sﬁ@flti pl e

cycl es, wherei. ach.cycl e ches.a fraction of the desjired trench depth,
the si d®™ WA @l?‘ﬁgatteﬁé“ %‘%&Wﬁ)zg?ej"a]ﬁéﬁ%gﬁhc’e’&fn%v%‘ I{rﬂ%eseggélirﬁteg?ﬁ\y%qlsegr ocess for
a fraction of the total etch tinme during each cycle. Therefore, the

depl et i 3Pngwithhigh Feactop ppverdo seraeve PO therhotiom efratrrngh2Boones i ni ni zed.
The depletion region 245 forned as a result of the CDO renoval process is

i 11 d8t r gmbadinentpithe inveBtioBehedfirstgashiea GB@odipzisagtamaletay of cd2Bén arsl exposed
to the CDO renoval process for a fraction of the total etch tine each

cycl e, dmorinerpamsdaving b firiteatitesf @tboarategiofluctihe afopisTadurlig thbolpmepr art
etch process of Figures 1 A-1 C, the depletion region formed by the CDO

removal depefnSproddst, wSkEdHdSMs isuskd GI4hE _V\g@’lmizv?r éh@%ﬁﬁ&érﬁ]h%ogﬁ’ aSmaller. In

particular, the depth to which carbon is depleted fromthe sidewalls of the

trench 24%0h éaf%ﬂ%p lgﬁ R & 8?1§ gfﬁ%}ﬁ%@ﬁg Iwe&ggdilgl%j’lto({f e 1Inv r{t%%e@%'n d[ 0023]

As il lustrat I gure r enov process a se process
cal l ed the pol yier del%osli tion Process (ils erformed in t the reactor. In one
Thodi seotong {as has a molecule comprising a sécond tatio of carbon atoms to fluorine atoms
enbodi nmén ’
20 such that, the ratio of carbon atoms to fluorine atoms in the second gas molecule is greater
than the ratio of carbon atoms to fluorine atoms in the first gas moleciile. The carbon
polymer deposited during the polymer deposition process protects the sidewalls and
prevents a positive etch bias during subsequent etch processes. Thus, during each cycle

the sidewall of the trench is protected while the bottom of the trench is etched resuiting in

25  minimum CDO blow out.



the invention,” after the CDO renoval process, the concentration of the
fi448tPCdas that is used 25 in the CDO renoval process is reduced in the
reactor. In one enbodi nent of the invention, P14431PCT the first gas with
a nol ecule having a first ratio of carbon to fluorine atons is purged from
the reactor. After reducing or purging the first gas fromthe reactor, a
.second L.Suhntroduced in the react.or..Iln o enbodi ment of the

i nvent i gﬁyﬁlilhg\’hggé%tﬁan%ggerglg%cﬁicgoéziegc%p&ﬁ ‘g‘faef‘ﬂfgﬂhl%e fé“?%‘if?nd rati o of
carbon atons to fluorine atons, such that, the ratio of 5 carbon atons to
1 uori nelestianagly icanneskbonsadeyies toarothesiderige-e One methedifer forming analectrigal o of
carbon atons to fluorine atons in the first gas nolecule. In one enbodi nent
of the iconsertions toifbrm trenahosmaropensngs omthe bubstratefdvedyingamderlyinpe reactor is
greater than the concentration of the second gas in the reactor then CDO

renoval adfining, etdlovedsices whidhhee RBCRALEASD. OThead oﬁéhﬁlcgsiafesﬁleﬂ fifled &vithess than
the concentration of the second gas then polyner 10 deposition occurs.

[ 0024] %nﬁ@ét%@?ﬂaté}?a@gf}é.:ciﬁg&%%ﬁﬁ% cgfﬁ(ﬂ%% ﬁleaiu!rrﬁyﬁrongfem%gh%ﬁ%oiz.SS in

the trench 250 forned removal process. The polyner osition

DT oCe s (PRENRSS R ehihd drfroBh AP B, il e SERGLY i bingegser, 925, 1

one enbo he Tnvention e seco 25] In one

enbodi nept, of, w{g jnventjon, the -percentage, of carbon atonms in the second
gas usedi§lEete [ayey tﬂﬂsB,é‘FFé thecoprer Lss), sremn abpvss subsiatp Mathesphotesregiskat er
than the percentage of carbon atonms in the first gas used to formthe

pl asma ilayer H@@Mﬂg ahorye vhe CBPalielseiric Ryes One avingordindiynskil irothe aattavillnvent i on,
if C4Fg is introduced in the reactor for the pol yner deposition process CF4
i s i ntr apmeedtd thattdtieer seracttes atdimiategials eayHIise ¢ tofoah a28midondeas: ddvite26] | n
addition to the second gas, other gasses such as argon may al so be used to
f or mot hehgtlcamptiseslaTCDO&li@edAellayent of the invention, the ratio of the
second gas to argon is 10-20 parts of the second gas to 100-200 parts of

o Sor, N TN i D Bl Sy BERASSS

argon is n one enbo I nventl

t he pol [ Jf1on process, ne oxygen i.s.used in the reactor. By not
usi ng o¥ géﬁgiggeqﬁlﬁgénﬁlgg’gfiﬂm? %dgoﬁ@fﬁ eétq%Sﬁn@PdeS}rﬁ’F r“bvr‘?f‘{‘% %‘B‘é‘?‘r@ﬁ’ 250 is
mnimzed. [0027] In._one epbqadi pent of the invention, the plasna that is

f or med \}ﬁet ﬂLIP‘Hﬁm%@ég A ég“é%ssz‘}'ggs‘gg‘ﬁth? etghingra wepedy onsrskilledur thegat wdbo Watt s
for a 12-inch wafer. Thus, as conpared 5 with the CDO renoval process the
power atappisFiate thadhgpraeesg illustrated i Kigures 2he2@ orayrbsruseibioodéht dnyropeningess i s
relatively low The |ow power at which the reactor is operated decreases

t he 15on el e aderem COO eweeriah ud itlsnigh ghe enatsadiment@f FigutesiX-2Ciremeseppote
deposition. Any comercially viable frequency, e.g., 13.56 WHz, 27 Mz,

i cr ovagclt be theeruhifSprotds, diehatifig bedshry ekillan eHetdrewllNgpPdcidhat Due to the
| ow RF power the polynmer deposition 10 process is an isotropic process and

a layer mfitipielcydBy méyBe idds %ﬁiﬁlttl?eﬂc}?ﬂl t&‘lg@% Qfaelle\gﬁ'gl ISy 92%ekby as on the

bottom surface of trench 250. The pol yner that eposited conpri ses

fluorin Y, A rhons that may.be.cross |inked to each
ot her . ?B%g%l? ’ 1‘]?%?%ﬁ%@@%g@ﬁ?ﬁ%n{éxlg%ffﬁngﬁf §e ip(r)%c,esﬁs’/ H‘egt?rate“fycf"()m?yn%? ase the
t hi ckness of tg(ge | ayer gf pol ymer. 255 the ampunt of carbon in the plasnma
may be idtnenekdepthriyand pgecond cyelp mapieickya dapthhel vheudethahd gas fmynbe

i ncreased, or a gas having a nolecule with a higher ratio of carbon atons

t o 20uowheembbddimentiafithd mverstioth, thEhusmbebyf Gelesusdd toregeht the trasahuddperds opol ymer
deposited on the surface of the trench, the etch bias of the trench may be

cont r ol igckhickReseBE RO Idi@edri€faved®sl nvention, the pressure within the
reactor i s nmintained between 106/-400 mlorr. Thus, in one enbodi nent of the

i nventi ggpgty ‘i‘i@.ﬁ'e%ﬁ?ﬁwa@es@ge%@dnﬁﬁ&o} @evﬂc{%ﬁlZ{Oﬁ%ﬁ*%n‘gs& HENfL YL ng the

pol ymer "dep0Osition process as conpared w enbval process. Thus,

after the r osi,tian,pro s of.tha first cycle the trench 250

havi ng éayﬁg?éﬁ/”gfhel ﬁq‘ﬁﬁfgelﬁﬁtflﬁ leg'e’('j PIRYFISES EPQ {ﬁcﬁ’rﬁa mpoyad comprising  Af t er-
t he fir%$ cycle, the CD of the width of the trench js substantially the
sane ast%e %Gﬁl@)ﬁ) formedjonspbsimte 408. Onerskiled in therartavidlpppreciateihacCPRs 11
P14431PCT [0029] In order to etch a trench in the CDO dielectric |ayer 225,
each cycl e conprising the CDO renoval process and the pol yner deposition
process may be repeated multiple tinmes until the desired trench depth is
achi eved. In one enbodi nent of the invention, if during the last cycle, the
CDO renoval process etches the CDO dielectric |ayer 225 to the desired 5
trench depth, the polynmer deposition process nay not be performed. However,
in one enbodi ment of the invention, during the |ast cycle the pol yner
deposition process may be perforned to ensure cross sectional uniformty of




%003@% Figure 3 illustrates a second cycle of a process used to etch a

4 Tin a dielectric 10 | ayer of a sem conductor device according to one
enbodi ment of the invention. In the process illustrated in Figure 3, the
desired trench depth is reached after the CDO renoval process 225 of the
second cycle. The second cycle is to etch a second portion of the trench.

In parti V. i her e depth b z such
that 1t hdr S b BGonF ARRFudiedho HRGRATERS! CF, DIERTaRFR Haredifrsing the oo
of the w dih of the, rench., During. the rempval process of the second
cycl e, \t,gafég‘%’IGQ rké?te’i“’g@t]t"%g%‘ﬁﬂ%‘ﬁ%%\ct ‘é&a&ﬁ "f‘gggﬁlbf?%% appdasstfonch 250
during the polyner deposition process of the first cycle is renoved. The

pol yner raawéastyred by Honeavedi® mewef Merrist TawnshiprMew terskyr: i hgortetranbodimerg r
deposition process of the first cycle protects the sidewalls of the trench
25D f r orof @aGnbémionpthe value ofi ghd dieleCiHO cotsantak’ EMBCED® ditlettie 1Hre 2Psliscycl e.

In one enbodi nent 20 of the invention, after the desired trench depth is

r eaced, ledsianSE NS HRASE ODS mad e iah serblle] Senttild8Flen Ral@nd Bt i eg‘?ﬁ@d Ng Process
described with respect to Figure 4. In one enbodi nent of t Invention, the

Lrench 250 fe¥uifad Wk didy hiuldl ToRBlaBR, 2RRAGH LhRIEEE Rl L1 OW NG L e

CDO renoval process 1 n order A a uniformtrenchn Ccross section
after t t clean process, 1 .P 14431 .PCT [0031]..Figyre 4 illustrates a
seni congeﬂ%?V\%lrono%§}ﬁ%°élp‘§? Ljuch ﬁ%?r?‘ésrlﬁWé’l CaB?CI{?’ﬁSe r‘%’fg‘ir&rdég\‘ Jyngiiaps, ga§ t he
polymer fromthe trench according to one enbodi ment of the invention. As

i || ust r $LsHodes, locplipterconnegts, gic. Subsiraig)2Qhmay plsp ineluisonsulatinganaterialy ed dept h,
t he sem conduct or device 220 is subjected to conventional post etch ashing
and wet tbateeparatg suchi actjvaarsipagsing dévieesdrom a conduotivallayéran layent thatrirelg sol vent
such as N nethyl 2 pyrrolidone (NMP) to renove the polynmer fromthe trench
sur flace formmed dntop efithém. t he photoresi st | ayer 230. After the wet cleaning
process, the CD of the width of trench is substantially unchanged. [0032]

Thus, a %ﬂﬁﬂ@gﬂm&egﬁq%éﬁﬁﬁ!isocﬁa'f)gsife‘aronctgﬂbffﬁle ldpe fltéﬁtﬁ]l%?er@ﬁ.s Ak CDO

filmns. ere has been i1l lustrated ‘and descr are presently

consi der . d i f.thepresent .inventian, it wll

be underp§§1 tgo%lsggd y%ﬁ%)@égg% ﬁ??e:@;ﬁ%hgﬁghg?@ tp %ta‘bt’ﬂl\r}’aerel%cglﬁg “btf’xkéepéfa@di fications

may be e, .and i val ents be bstitute&l, wi t hout departing fromthe

true ch%%ed&rflc @ﬁ%’%ﬁﬂf’%ﬂ@&%ﬁﬁ ‘Hsﬁgﬁ jnyentigny, eﬁﬁﬁ?@?‘ﬁ'ﬁ?@%d% theay be made

to adapt .a particular situation to the teachi nigs of the present invention
)\

wi t hout POEIPEGSESt yer $38has pavidibynapal) to ithp Chof the wigHtefithe tiercdy iIpe@ositivei n:
Therefore, it is 15 intended that the present invention not be limted to

t he 1par tréesisiiteshnigui,dbié pleotorssisti laydr @30 ik, pattatnet! ising cheventioeadt i on i ncl ude al |
enbodi nents falling within the scope of the appended clains. 13 P 14431
PCT CLAlphGiolifimigraphiccéahinitids,isach ds maskirt the gharoresist layérgexposing Mdtagkea car bon
doped oxi de (CDO) renoval process, said CDO renoval 5 process conprising

i nt rOdUQ%’%Elt(ﬁljéﬂt,ra%H thkSdelBlop b Thurlekpikell poRichs I RYdping SidAagbf orm ng a
pol ymer deposition process, said polymer “deposition process conprising

introd u%{:lﬂ%egthﬁgtﬁﬁggs g?ﬁ% F)Rotgfé?fg%l era[hﬁ%%%ge%frosécﬂotl fit o (SR Qviﬂov& by COO

| ayer. aim rern irTst gas conprises a first

nmol ecul e_having a.first fatiaq,of carbo ons to fluyqrine atons, and the
second §as* & 8 ﬂ% AR laygr‘ s%g%rﬁ gAl’gluF}Ba}t%sctH? gﬁ?{gVFﬁglaﬁerégg Shgr H%SPPBIOSTOQC ar bon
ato to fluorine atons, . such that the second ratiqg of carbon atons to

fl ugBi ndhephptoresist I@feéglgé}s cXpased o dehtis tamqgd; Onehavipg putinasy skl in dher | uori ne
atonms. 3. The nethod of claim1l wherein the first gas has a higher

per cent atfeviifapptegiate that negative resist techniques may also be used to etch components

e.g., trenches, vias etc.
[0019] After forming window 240, the semiconductor device 220 is placed in a reactor
e.g., a plasma reactor (etcher). In one embodiment of the invention, the process of

25  exposing to light and removing the photoresist layer that is exposed to light is performed
7



atons than the second gas. 15 4. The nethod of claim!|, wherein the first
§HE3PSTCR4, and the second gas is CAFg. 5. The method of claiml, wherein
t he CDO renoval process and the pol ynmer deposition process are performed in
a reactor. 14 P 14431 PCT 6. The nethod of claim5 wherein the reactor
conpri ses any one of a Magnetic Enhanced Reactive lon Etching (MER E)

.reactor,; 0 ntipnal reactive k.on.etching, reactor. 7. The nethod of
claimi1 1\r/l\he?pel?sr11& % ]%é& ri'rfs)q °“geae§“e*}°§ffﬂ?%gkgﬁeégmg8?’qhe FeAEPHIS A MARRSHE 5h( OIRF)f
ower of_ bet n 1000 and 4000 Watts for a 12 inch wafer. 8 The nethod o
(F:) laim1 E‘/ﬂ%@?@ﬁ“ﬁ%‘f‘*&@ﬁ@tq}@%&“ﬂm)éﬁacéprpé‘%\é‘t‘emﬁﬁ empedippmsodtisval  process
that is higher than the power at which the plasnma is struck for the polymer
deposi t iiBYenppb e egsventiondt peactive ioodtaber mhpberugdwiie pré embdtimphtadie f or med
during the polymer deposition 10 process does not contain oxygen. 10. The
met hod dhvenkian,th8CHiGeregioval grecdsh Bumisotrspis! Ieke a@hibrlimadiod tHeigmmiony (RF)
power of between 500 and 1000 Watts for a 12 inch wafer. 11. The nethod of
claiml ' ' I : 0 |
5 1 tHheDO Rniokal %dﬁ@dmﬁ%@?lﬁgﬁa@ﬁaﬁch éﬁé)rr%%%%ﬁl tgF lié%se?ei 1 the

hydr ocar bons and hydrocar bons. 12. Th od o aim

CDO | i hC. h t hod of. .clai.m 1 wherein the
pol y:rgp%ggéﬁgés)t?]tg ?%ﬁﬁgfﬁ%ggoggggéé |9so regéﬁ?sg_d-[ilgp 25 afﬂ'Rg?LSl%ﬁ’ﬁisi.gaﬁw hod for
formng.a trench.in a carbon doped oxide (CDO .dielectric |layer conprising:
f or m ng IECIV\SE%&JWIFWI%C(BWES&‘F%%W n gnd fioring giogis aying adustaatio afearbereposi t ed

on top of a CDO layer; 5 perfornmng a carbon doped oxide (CDO renoval
pr ocess ataps 1@ fluodng atemisalln preerabedimentpfiths ingeritiony the fiestiggs basfa ighergas in a
reactor to forma trench in the CDO | ayer;
percentage of fluorine atoms relative to other atoms in the gas molecule. In one
10  embodiment of the invention, the first gas is CF,.
[0020] In one embodiment of the invention, the percentage of fluorine atoms in the first
gas used to form the plasma in the CDO removal process is higher than the percentage of
fluorine atoms in the gas used to form the plasma in the polymer deposition process.
Thus, in one embodiment of the invention, CF4 is introduced in the reactor for the CDO
15 removal process and C4Fg is introduced in the reactor for the polymer deposition process.
[0021] In one embodiment of the invention, the first gas may comprise atoms other than
carbon and fluorine. In addition to the first gas other gasses such as oxygen or nitrogen,
and argon may also be present in the plasma. In one embodiment of the invention, the
ratio of the first gas to argon to oxygen is 10-20 parts of the first gas, to 100-200 parts of
20  argon, to 10-20 parts of oxygen. In one embodiment of the invention, the ratio of the first
gas to argon to oxygen is 1:10:1. In the reactor, the plasma is struck at RF power in the
range of 1000-4000 Watts for a twelve inch wafer. In one embodiment of the invention
the power at which the plasma is struck for the CDO removal process is higher that the

power at which the plasma is struck for the polymer deposition process. Any

25  commercially viable frequency, e.g., 13.56 MHz, 27 MHz, microwave frequencies etc.
8



and erforn1ng a polynmer deposition process, said polynmer deposition
bwﬁeggE conprising introducing a second gas in the reactor to deposit a
polymer in the trench of 10 the CDO | ayer, wherein the first gas conprises
a first nolecule having a first ratio of carbon atons to fluorine atons,
and the second gas conprises a second nol ecul e having a second rati o of

: f b
Co 11 uot ResBle #HeREnPLASEA, SHE RalifE betify SRR R e Wil arfee 1o ™ °™

quorlne at.o 15. The nmethod of claim 14 wherein the first gas has a
greater ! Qﬁﬁ%&ema ¢ PEHsKiahethespoyyessor other wafes sizee  dmane emlodmerind gas.
16. The rret hod of claim14 wherein the second gas has a greater percentage
of car bo thetioventipnrtherptessng withinethe teactof ismsainigired befveelkeveradténsdo of cl ai m 14
wherein the first gas forns a plasma in the reactor. 16 P14431PCT 18. The
met hod dundreds ofiiTorvherein the plasma is formed in any one of a Magnetic
Enhanced Reactive lon Etching (MERIE) reactor and a conventional reactive

ion st chog2] Fare2B illdSrateshRe @E@fuhg@f fbncl 2%'0mﬁaz CHGEShSVal PRcHsaSIR 1S

struck at a radio frequency ( ower of between 1000 and 4000 V\?tts for
12 orns a
& 2 | SBSSE e oS RISl A AR AR "
t t the s struc
a1 adhDF FUNRBHLY L M CLEUER BF SHE ISR BeeeAnt boRi R beREBr a 12 | neh
wafer. 10 23. The nethod of claim 14 wherein the polynmer conprises at |east
one of PPWeF atdhielthe yeack:s iy mm@echmsngdmew@mbammebn@omuﬁm off claim

14 wherein the CDO renoval process is anisotropic. 25. The nmethod of claim
14 wher ¢hatrdnab 20 htyargreatdemesthan the spleoeadlss The preseoe@fithe. pl2dma iA thet hod f or
form ng trenches in a sem conductor device conprising: 15 providing a

subg0r atr&ictod egpettet ity the dabBAbariBRAcaXeBe b6HSA strfdRlof Bt ttdheh 3508 r at e;
depositing a photoresist |ayer above the CDO | ayer;
be etched at a greater rate than the side walls. Because the trench 250 may be etched in
multiple cycles, wherein each cycle etches a fraction of the desired trench depth, the side
walls of the trench 250 are subject to the CDO removal process for a fraction of the total
etch time during each cycle. Therefore, the depletion of carbon from the side walls of the
15  trench 250 is minimized. The depletion region 245 formed as a result of the CDO removal
process is illustrated in Figure 2B. Because the CDO dielectric layer 225 is exposed to the
CDO removal process for a fraction of the total etch time each cycle, as compared with the
depletion region 140 formed by the prior art etch process of Figures 1A-1C, the depletion
region formed by the CDO removal process, illustrated in Figure 2B, is substantially
20 smaller. In particular, the depth to which carbon is depleted from the sidewalls of the
trench 245 is much smaller as compared with the prior art process.
[0023] As illustrated in Figure 2C, after the CDO removal process a second process
called the polymer deposition process is performed in the reactor. In one embodiment of

the invention, after the CDO removal process, the concentration of the first gas that is used

25  in the CDO removal process is reduced in the reactor. In one embodiment of the invention,
9



17 P 14431 PCT patterning said photoresist |ayer; performng a carbon
dHe¥Coxi de (CDO) renpval process, said CDO renpval process conprising
introducing a first gas in a reactor to forma trench in the CDO | ayer;
reduci ng the concentration of the first gas in the reactor; and S
perform ng a pol ymer deposit i on process, said pol yner deposition process_

.conpri si Lot roducin eact r to asit a. po

thgp t rentg%ﬁrs g%%‘é%“’cyg avg1§| fﬁ%ﬁaﬁﬂé??c% ‘106‘He 6&5@&8“@8‘1’18‘ f% the
absence 27 The net hod of claim 26 wher ein the first gas

‘conpr i sége ’é?aF‘?‘/’g ducinger ﬂ?&(&“iﬁj‘hﬁ rstigas fronthe,regetop grsgemmdgasiss to f1 uorine
atons, and the second gas conprises a second 10 nol ecul e having a second
rati o ofintedusedinghomacton Inl ensremhodimentsf thedaventibatthe seeondgasrompeaisésa of
carbon atons to fluorine atons is greater than the first ratio of carbon

at ons t anélectdé thachadtaaBondd8tio dhearba fiols o fledriticMods, Wha BNt rii eS| S
struck at a radio frequency (RF) power of between 1000 and 4000 Watts for a

12 i gch daafoRlatdihl t'o%ohﬂ@al@ﬁ@ ih Q{E%\é@énd]%énﬂ)rlé?:ﬁfesé I;BB‘?]%JTBEQ%@ of claim

26 wherein the second gas has a greater per centa carbon atons per
o el SR e 85 P B KR Sl T
®, 12 LTSRSt 0 e POLUTRL Coos {120, 20 s I
concentration of the second gas in the reactor then CDO removal occurs. However, if the
concentration of the first gas is less than the concentration of the second gas then polymer
10  deposition occurs.
[0024] The polymer deposition process deposits a layer of polymer 255 in the trench 250
formed by the CDO removal process. The polymer deposition process comprises striking
a plasma in the reactor with the second gas. In one embodiment of the invention the
second gas is C4Fs.
15 [0025] In one embodiment of the invention, the percentage of carbon atoms in the second
gas used to form the plasma in the polymer deposition process is greater than the
percentage of carbon atoms in the first gas used to form the plasma in the CDO removal
process. Thus in one embodiment of the invention, if C4Fs is introduced in the reactor for
the polymer deposition process CF, is introduced in the reactor during the CDO removal
20  process.
[0026] In addition to the second gas, other gasses such as argon may also be used to form
the plasma. In one embodiment of the invention, the ratio of the second gas to argon is
10-20 parts of the second gas to 100-200 parts of argon. In one embodiment of the

invention, the ratio of the second gas to argon is 1:10. In one embodiment of the

10
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h+} *?4@ 10B1! 109B& () - & #109B& () -! X& #10%R #Méjz% . o
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etc. may be used to generate the plasma. Due to the low RF power the polymer deposition
10 process is an isotropic process and a layer of polymer 255 is deposited on the side walls as
well as on the bottom surface of trench 250. The polymer that is deposited comprises
fluorinated hydrocarbons, and hydrocarbons that may be cross linked to each other.
[0028] In one embodiment of the invention, in order to increase the thickness of the layer
of polymer 255 the amount of carbon in the plasma may be increased. Thus, the
15 concentration of the second gas may be increased, or a gas having a molecule with a
higher ratio of carbon atoms to fluorine atoms may be used. Thus, by controlling the
amount of polymer deposited on the surface of the trench, the etch bias of the trench may
be controlled. In one embodiment of the invention, the pressure within the reactor is
maintained between 100-400 mTorr. Thus, in one embodiment of the invention the
20  pressure maintained in the reactor is higher during the polymer deposition process as

compared with the CDO removal process. Thus, after the polymer deposition process of

the first cycle the trench 250 having a polymer lining with a depth of x, is formed,
where x, <x. After the first cycle, the CD of the width of the trench is substantially the

same as the CD of the width of the trench illustrated in Figure 2A.
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U& ()- S!10% & ()- s!10% U& ()- s!10% E& ()-Vdl dE7@ 13#3 10% U& ()- 0 10%
ug ()- .t!10%

[0029] In order to etch a trench in the CDO dielectric layer 225, each cycle comprising the
CDO removal process and the polymer deposition process may be repeated multiple times
until the desired trench depth is achieved. In one embodiment of the invention, if during
the last cycle, the CDO removal process etches the CDO dielectric layer 225 to the desired
S trench depth, the polymer deposition process may not be performed. However, in one
embodiment of the invention, during the last cycle the polymer deposition process may be
performed to ensure cross sectional uniformity of the sidewalls of the trench following the
subsequent wet clean process.
[0030] Figure 3 illustrates a second cycle of a process used to etch a trench in a dielectric
10 layer of a semiconductor device according to one embodiment of the invention. In the
process illustrated in Figure 3, the desired trench depth is reached after the CDO removal
process 225 of the second cycle. The second cycle is to etch a second portion of the

trench. In particular, the second cycle increases the trench depth by x, , such that the

desired depth x = x, + x,, while substantially maintaining the CD of the width of the

15  trench. During the CDO removal process of the second cycle, the polymer that was
deposited on the bottom of the trench 250 during the polymer deposition process of the
first cycle is removed. The polymer deposited on the side walls of the trench during the
polymer deposition process of the first cycle protects the sidewalls of the trench 250 from
CDO blow out during the CDO removal process of the second cycle. In one embodiment

20  of the invention, after the desired trench depth is reached, the semiconductor device 220 is
subject to a wet cleaning process described with respect to Figure 4. In one embodiment
of the invention, the trench 250 may be subject to the polymer deposition process
following the CDO removal process in order to maintain a uniform trench cross section

after the wet clean process.
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device 220 is subjected to conventional post etch ashing and wet cleaning using a solvent
5 e.g., afluoride ion containing solvent such as N methyl 2 pyrrolidone (NMP) to remove
the polymer from the trench surface, and to remove the photoresist layer 230. After the
wet cleaning process, the CD of the width of trench is substantially unchanged.
[0032] Thus, a method has been disclosed for controlling the etch bias of CDO films.
While there has been illustrated and described what are presently considered to be
10 example embodiments of the present invention, it will be understood by those skilled in
the art that various other modifications may be made, and equivalents may be substituted,
without departing from the true scope of the invention. Additionally, many modifications
may be made to adapt a particular situation to the teachings of the present invention
without departing from the central inventive concept described herein: Therefore, it is
15  intended that the present invention not be limited to the particular embodiments disclosed,

but that the invention include all embodiments falling within the scope of the appended

claims.
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What is claimed is:

1. A method comprising:
performing a carbon doped oxide (CDO) removal process, said CDO removal
5 process comprising introducing a first gas to form a trench in a CDO layer; and
performing a polymer deposition process, said polymer deposition process

comprising introducing a second gas to deposit a polymer in the trench of the CDO layer.

2. The method of claim 1 wherein the first gas comprises a first molecule having a
first ratio of carbon atoms to fluorine atoms, and the second gas comprises a second

10 molecule having a second ratio of carbon atoms to fluorine atoms, such that the second
ratio of carbon atoms to fluorine atoms is greater than the first ratio of carbon atoms to

fluorine atoms.

3. The method of claim 1 wherein the first gas has a higher percentage of fluorine

atoms than the second gas.
15 4. The method of claim 1, wherein the first gas is CF4, and the second gas is C4Fs

5. The method of claim 1, wherein the CDO removal process and the polymer

deposition process are performed in a reactor.
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Enhanced Reactive lon Etching (MERIE) reactor, and a conventional reactive ion etching

reactor.

7. The method of claim 1 wherein the first gas forms a plasma at a radio frequency

5 (RF) power of between 1000 and 4000 Watts for a 12 inch wafer.

8 The method of claim 1 wherein a plasma is struck at a power for the CDO removal
process that is higher than the power at which the plasma is struck for the polymer

deposition process.

9. The method of claim 8 wherein the plasma formed during the polymer deposition

10 process does not contain oxygen.

10.  The method of claim 8 wherein the plasma is struck at a radio frequency (RF)

power of between 500 and 1000 Watts for a 12 inch wafer.

11. The method of claim 1 wherein the polymer comprises at least one of fluorinated

hydrocarbons and hydrocarbons.

15 12, The method of claim 1 wherein the CDO removal process is anisotropic.

13. The method of claim 1 wherein the polymer deposition process is isotropic.
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104| opp_ pqu(ﬁ@]gmawmdow in a photoresist layer, said photoresist layer deposited on top of

a CDO layer;

5 performing a carbon doped oxide (CDO) removal process, said CDO removal
process comprising introducing a first gas in a reactor to form a trench in the CDO layer;
and

performing a polymer deposition process, said polymer deposition process
comprising introducing a second gas in the reactor to deposit a polymer in the trench of
10 the CDO layer, wherein the first gas comprises a first molecule having a first ratio of
carbon atoms to fluorine atoms, and the second gas comprises a second molecule having a
second ratio of carbon atoms to fluorine atoms, such that the second ratio of carbon atoms

to fluorine atoms is greater than the first ratio of carbon atoms to fluorine atoms.

15.  The method of claim 14 wherein the first gas has a greater percentage of fluorine

15 atoms per molecule than the second gas.

16.  The method of claim 14 wherein the second gas has a greater percentage of carbon

atoms per molecule than the first gas.

17.  The method of claim 14 wherein the first gas forms a plasma in the reactor.
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Enhanced Reactive Ion Etching (MERIE) reactor and a conventional reactive ion etching

reactor.

19.  The method of claim 17 wherein the plasma is struck at a radio frequency (RF)

5  power of between 1000 and 4000 Watts for a 12 inch wafer.
20.  The method of claim 14 wherein the second gas forms a plasma in the reactor.
21.  The method of claim 20 wherein the plasma does not contain oxygen.

22.  The method of claim 20 wherein the plasma is struck at a radio frequency (RF)

power of between 500 and 1000 Watts for a 12 inch wafer.

10 23. The method of claim 14 wherein the polymer comprises at least one of fluorinated

hydrocarbons and hydrocarbons.
24.  The method of claim 14 wherein the CDO removal process is anisotropic.
25.  The method of claim 14 wherein the polymer deposition process is isotropic.

26. A method for forming trenches in a semiconductor device comprising:
15 providing a substrate;
depositing a carbon doped oxide (CDO) layer on the substrate;

depositing a photoresist layer above the CDO layer;
17
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5 performing a polymer deposition process, said polymer deposition process
comprising introducing a second gas in the reactor to deposit a polymer in the trench of

the CDO layer, said polymer deposition process done in the absence of oxygen.

27.  The method of claim 26 wherein the first gas comprises a first molecule having a
first ratio of carbon atoms to fluorine atoms, and the second gas comprises a second

10  molecule having a second ratio of carbon atoms to fluorine atoms, such that the second
ratio of carbon atoms to fluorine atoms is greater than the first ratio of carbon atoms to

fluorine atoms.

28.  The method of claim 26 wherein a plasma is struck at a radio frequency (RF)
power of between 1000 and 4000 Watts for a 12 inch wafer during the CDO removal

15  process.

29.  The method of claim 26 wherein the second gas has a greater percentage of carbon

atoms per molecule than the first gas.

30.  The method of claim 26 wherein the plasma is struck at a radio frequency (RF)

power of between 500 and 1000 Watts for a 12 inch wafer during the polymer deposition

20  process.
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