WO 03/ 105196 PCT/ US03/ 15222 METHOD FOR CONTROLLI NG ETCH BI AS OF CARBON
DOPED OXIDE FILMS 5 BACKGROUND [0001] One of the trends in the

manuf act uwe oofioaeéri conduct or devices is to shrink the sizecTafSos/i22

sem conduct or devices. Therefore, the size of conponents (e.g., trenches
vias, contacts, interconnect lines, plugs etc.) that formthe

Coaute o T ézie"‘ﬁﬁ;@ 0 ﬁgﬁ‘mﬁggﬁﬁgﬁﬁé& St hat formt he
sem conduct or devi ces. ﬁa , B ices are manufactured with

t he conponents havi ng subm cron di mensi ons, necessitating the routine
fabrication of subm cron structures such as trenches and vias. [0002] Due
to the smaller size of sem conductor devices and the increased density of
the Sconponents that formthe seBACK&RERUND device it is essential to
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conpone I mension of a spe geonetry at nust be wthin
design tqglerances., The.CD may,represent. th wi dt f atter.ned line or
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device's performance consistency. |If the CDs of the conponents are not

cont r ol | @BtacEHBteERPEH dRES DiRE ei/fokthﬁ&%mﬁ sgREORgnGier deyicge 8
specifications (e.g., due 20 to a change in resistivity, capacitance or

ot her el woesgondinglyeeniinnekivisbriey. Thisasulinig annncreasd ey thgdignsibrofdke t he
performance of the sem conductor device, or even in a catastrophic failure
of tlte sempootrdsttofortiakt semicdrNOB} dévicesr dedayt, cermronhdwitortdeeic€iaref t he
conponents, the process used to nanufacture the conponents should control

at | eastmirlv@aclired withaBe cdshdhehis dgvihg sithgicfnldiREMIGR, Redcvi@fing the 25 desired
di rension patterned after photolithography, and the di nension of the

conponenttine fabrication of submicron structures such as trenches and vias.

[0002] Due to the smaller size of semiconductor devices and the increased density of the
components that form the semiconductor device it is essential to control the critical

15 dimensions (CDs) of the components. The CD of a component is the dimension of a
specified geometry that must be within design tolerances. The CD may represent the
width of a patterned line or the distance between two lines necessary 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 achange 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 1 m



actually forned after etching. For exanple, if the desired width of a
trench is I,u in W 03/105196 PCT/ US03/ 15222 (patterned after

phot ol i t w@roapbdaye and i f the process used to manufacture rhe/useEnel et ches
a 1.30p mtrench, then the process is said to have an etch bias of +0.3
~tm Having a poor etch bias is undesirable as the CD of the conponent may
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t he sem conductor device. 5 [00041 Figures 1A-ICillustrate a prior art
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conponents e.g., trenches and vias nmay be used in dual damascene

i nt egr at§terbiatis sadesapblejan the € of dretcompanent ey not be meintaiged, agssltingnsal at es

t he copper interconnect lines, vias, contacts, etc. As illustrated in
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(CDO dielectric layer 110. The CDO dielectric layer 110 is a conpound

conprsi si j00043i FKigures1 Aahd iltystratech prity aR@rélR sl &sletbly a dNcIOne déle@rivari ety of

met hods (e.g., chem cal vapor deposition, by spinning the CDO on a wafer

etc.). AaphotRk&ficshddcteviteO0n! ' i fwi ' ic layer

110. The ﬁotoresi st |layer hasogbgmaﬁ%%%l% s@%ﬁ’g@ﬁ%ﬁfg&%ﬁ@{o the CD

of the w e : MR si st hni qu 15 the
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phot or esi ayer IS expose evel opedei topi ng

solutio renove. the.portions of the photoresist |ayer that are exposed
to |i ghp p{e BOEH pd %hﬁ%éﬁ?cém ﬁ‘y‘ﬁf ’i“F‘il%fgﬁhgtci%%pefI‘fgerﬁﬂ’erﬁ SsYa$ayer 120

after the portion, of the photoresist layer that is exposed to light is
r emoved. COBRESHAY 15 1BisHptsd 5, Figure LA} ssanpgonduetopfleyice it essnpises # parbon
negative resist techniques may also be used to etch conponents e.g.,
t r erl@hesloped exide(EDOD dicfegtrayarildOr €hd 8DIQ figktiratlager tl he issecingmuddct or
device 100 after the CDO dielectric |ayer has been subjected to a plasm
et ch pr owewssing 5e0p Ca andi He tichmpy be dgmsitahtpy ArBashefROAHBY o finktehde T .andUCt or
device 100 to a plasma conprising a carbon fluorine gas (e.g., ,
chemical 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 layer has a window 130
having a width equal to the CD of the width of the trench. In a positive resist technique,
15 the photoresist layer 120 is exposed to light and developed in a developing solution to -
remove the portions of the photoresist layer that are exposed to 1i ght. Therefore, Figure
1A illustrates the photoresist layer 120 after the portion of the photoresist layer that is
exposed to light is removed. One having ordinary skill in the art will appreciate that
negative resist techniques may also be used to etch components €.g., trenches, vias etc.
20 [0005] Figure 1B illustrates the semiconductor device 100 after the CDO dielectric layer
has been subjected to a plasma etch process. The plasma etch process comprises exposing
the semiconductor device 100 to a plasma comprising a carbon fluorine gas (e.g., C4Fs,

C2Fs, or CF4), 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



C2F6, or CF4), 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
pl asma etwbopnesiess is 2 WO 03/ 105196 PCT/ US03/ 15222 ani ®otrusps/cs2and a
trench 135 is forned after the sem conductor device 100 is subjected to
the plasma in the reactor for a predetermned tine period. Due to the
react i onanisotropie apd agiench hifdisifornpedraftiecthe aemicoadwxgrgiemice 100 feesubjeatedo wi t h t he
organi ¢ carbon containing species CH3 etc. in the sidewalls of the trench
135, gastheplagmgin the acdoam foli opredeerdiifedtan®peiod DRNOXhIRadicR Jreheased. The
depl etion of organic carbon containing species fromthe sidewalls of the
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depletion, re auses the wdth of the trench to be larger than
the D ofie spf@aiﬂ)@%ﬁ@%%wwt ﬁrew\%%d@lwﬁegﬂonmm ¥he doreiont han ¢ he

CD of the trench is undesirable. If the depletion region 140 is left in

pl ace arf88ippd4y érﬁ;‘\‘,fédlklﬁfnﬂhﬁeeawéif stapeesrbypflessisiedon edntaininglreagents thatarest ant vV
of the depletion 15 region is increased. This increase in the dielectric
const antusekdwingshe wet dleardprebesst ri ¢ | ayer being | ess effective as an
insulating material, and results in undesirable capacitive cross- talk

bet ween [A0)6} dRigdreadpstrhteaismicEHauED: BRSRIBHIONHRy ofealPBANENCR J 0007] One

or nore enbodi nents of the present invention described herein are
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accorrpanyl ng fi gur es. |fOI’
In addition, the wet clean process removes the depletion region 140 and causes the width
of the trench to be larger than the CD of the trench (CDO blow out). Having a trench
width larger than the CD of the trench is undesirable. If the depletion region 140 is left in
place and not removed by the wet clean process, the dielectric constant k’ of the depletion

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

being less effective as an insulating material, and results in undesirable capacitive cross-

talk between adjacent copper lines.

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



simplicity and clarity of illustration, elenents illustrated in the figures
are not necessarily drawn to scale. For exanple, the dinensions of sone
el enent s way3hesiexaggerated relative to other el enents f@cTalsasity?
Further, where considered appropriate, reference 3 WD 03/ 105196

PCT/ US03/ 15222 nuneral s have been repeated anong the figures to indicate
correspondin [ | e tes, I = (ol te a
o or - artonsy g v Y12 QAR R IR Buurcc U idledly GitBhoniveior AEH

sem condyctor device; 5 [00091 Figures 2A-C illustrate one cycle of a
process UEBH 0 etch a trench in a dielectric layer of a seniconductor
devi ce according to one enbodi nent of the invention; [00101 Figure 3
illustrates a second cycle of a process used to etch a trench in a

dielectr) | gyer qf .gem conduct or devi ce .accordi.ng £ o on i ment of
the t nveltbrs it dprCalETE AP Brpiie 6o Y BRhE A o BRLSHEINT or The
renoval of the photoresist 10 |ayer and the polyner fromthe trench
accor di nef assméneadesididiVifSht of the invention. DETAI LED DESCRI PTI ON [ 00121
Described is a method for controlling etch bias of carbon doped oxi de based
15 di‘%l el®09]cFigures2 A-Crillusteatd ond cyplered ageanssd yred émetcha tisndui asfielgetiir
details such as specific materials, reactor pressure, reactor power, etc.
are set Tapdriofaisemizoiéuctéradepice ucaediag thateanpodimedef steandémignpf t he one or
nore enbodi nents of the present invention. It will be apparent, however,

to one ofpops|criBare/3 Altsirhted AsdddBd 8ydle bfaprotdie usdeo@ichniéhchib@dieleiics of
the present invention may be practiced w thout these specific details. In

ot her | RS Som B FRUALTRLAEL LS GRdEhBALE oiAHGanRY: been desor! bed

to avoi d unnecessaril) curing this description. Those of ordinary skil
in the afOtOII]%i%Qret I' ﬁlu's{}gtleéJ gggmgggcﬁlrc{o? 4EAPe after the removal of the photoresist

10 layer and the polymer from the trench according to one embodiment of the invention.

DETAILED DESCRIPTION

[0012] Described is a method for controlling etch bias of carbon doped oxide based

15  dielectric films. In the following description, numerous specific details such as specific
materials, reactor pressure, reactor power, etc. are set forth in order to provide a thorough
understanding of the one or more embodiments of the present invention. It will be
apparent, however, to one of ordinary skill in the art that the one or more embodiments of
the present invention may be practiced without these specific details. In other instances,

20 well-known materials or methods have not been described to avoid unnecessarily
obscuring this description. Those of ordinary skill in the art, with the included description,

will be able to implement appropriate functionality without undue experimentation.



will be able to inplenment appropriate functionality w thout undue
experinmentation. 4 WO 03/ 105196 PCT/ US03/ 15222 [00131 References in the
speci f i cawD®/103396 one enbodi ment”, "an enbodi nent", "an @xaMSbE15222
enbodi ment”, etc., indicate that the enbodi nent descri bed may include a
particul ar feature, structure, or characteristic, but every enbodi nent may

not nece [ include the particular feature, structure, o

char act e@ﬁg{]iéc%er%qﬁé& ,Sp"s%%%“ﬁﬂlt%g%@ egpbadimant’s “HhemmEnt, Eaélferri ng to
the sanme enbodi nent. Further, when a particular feature, structure, or
char act eP@plecmbodaat . iefodndisate diih thetcmbedinent dessriberbmey istide ai ¢ i
submtted that it is wthin the know edge of one of ordinary skill in the
art to dfefteotar Seatirefstaicture or charaderistic.dut every kmbadinent siay aof necessamlyct i on

wi th ot her enbodi nents whether or not explicitly described. 10 [00141 Each
cycl e ofintlhéde the phvidulas fedtuir@rstractate; 6d dhiart@tegikid) Mot ver, shrfesesapadt oxi de
based dielectric filnms conprises two processes, a first process called the

CDO r15eMitadssarfly esregmg (b tHebame@h@dinfent Bitier, Afen Aneticuiageand, process
call ed the polynmer deposition process (illustrated in Figure 2C). During

the CDO s'iﬁﬁﬁx"eé‘#r BlaPERRic R éeisér?&ed%éor{n%cthbﬁﬁgiﬁh & %Q%d’ﬂgtﬁgté(ﬁ}i@&b%ﬁﬁ? or power

to renbve CDO' fromthe bottom of a trench. one i ment of the
i nventi t.he .fi as, i;S_a.gas .conprisj. nmo| ecul. e, of . car bon and
f1uori ngﬂ%{tltd?rglﬁé%?légg Q¥jedge of (?“ftcif(?r ”Xék@gﬂ?}zﬁﬁfﬁ %thsiut%?‘?aﬂge’at ons.
During the pol r depqgsition process,, a second gas_is used along with
| ower resglf?tg?e’ éb%Facf%gH%Bb%qntne%POndﬂF%herﬁﬂ%ﬁFefgﬁwb%erﬁrd@WHhfrltb‘f t he

trench. In one enbodi nent of the invention, the second gas has a nol ecul e
conprisﬂﬁ&m@e@econd ratio of carbon atons to fluorine atons, 20 such that,
the ratio of carbon atons to fluorine atons in the second gas nolecule is
gr edler [00HEatheyalaof the ofetlualrised fatcomeolting étthibiak bécabondoped okt first gas
nol ecul e. The carbon

based dielectric films comprises two processes, a first process called the CDO removal

process (illustrated in Figure 2B), and a second process called the polymer deposition
process (illustrated in Figure 2C). During the CDO removal process, a first gas is used
along with high reactor power to remove CDO from the bottom of a trench. In one

15 embodiment of the invention, the first gas is a gas comprising a molecule of carbon and
fluorine atoms having a first ratio of carbon atoms to fluorine atoms. During the polymer
deposition process, a second gas is used along with lower reactor power to deposit a
carbon polymer on the sidewalls of the trench. In one embodiment of the invention, the
second gas has a molecule comprising a second ratio of carbon atoms to fluorine atoms,

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 molecule. 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 resulting in

25  minimum CDO blow out.



pol ymer deposited during the polymer deposition process protects the
sidewal | s and prevents a positive etch bias during subsequent etch

pr ocesseswOmDhuej19€luri ng each cycle the sidewall of the tPemaisod/ss2pr ot ect ed
while the bottomof the trench is etched resulting in 25 m ni mrum CDO bl ow
out. 5 WO 03/105196 PCT/ US03/ 15222 [00151 When form ng a sem conduct or
devi ce, [6o1sfUintnen Wrhfifl RS&HIcbRIRE, BQ\H?%QHEI&S dHeRGled (i fhrhQiaect one

devi ce to anot her device. One rret formng an electrical connection

is tof %ﬁé&ﬁcaﬂ?ggﬁﬁcﬁén&&@[& %ﬂeétdgﬁfdugﬁé fn%{h%d ifreif?n%ﬁ% elljecg%cr% %Igggér e

adj oi ni ng, et evi ces e connec ese o

then filled 5ac t|ve mat er i opper) to f.orma conductive
medi um RS Sﬁn% r{%?ﬁ%ﬁ 5§0rqqqgmgﬁ ﬁ??%trgtﬂ‘?é(e‘{? ) &A9eIYPE formed in a

mul ti layer structure conprising a CDO dielectric Iayer that insul ates
the coppomingetd thy daxires BiNd € tolhsaonagcéedy Theseonsmines aretdpr filled withy
deposi ted above the CDO dielectric |layer. One having ordinary skill in the

art Wi | |acongistize nmterial kag. copprs) tosforne condistivnuiedmtre rinans embgdipenteld to
forma sem conductor device 10 that conprises a CDO dielectric |ayer.
[00161 FhgmvesicdMh2EGehthasate bimedine myll 1eyed ktractpreaoamsisiigadCDO et ch a
trench in a dielectric |ayer of a sem conduct or device according to one

embodi meidlectic Laer (Y aidhia@R thdd gr'bti}'ﬁ aS@MédE@t@ﬁte Qithfd S Ress 2C
descri be etching a trench, one s |IIe inthe art wl appreci ate that the

ProceS: Ik UakkRi iy o O00RT A oug%w%%‘i%ﬁm AR ARENCOS A oc
he. art pp P G Bt Shd el PaR DB RN e Ry B SR PRG0S 1 1 ench
des|lbed%§88&§}1§%r®glcﬁéﬁ%ﬁ 55{' F?Le ?i)(?g}tjl gyc: Ia ﬁa;r S?gﬂ of depth x i
[0016] Figures 2A-2C illustrate one cycle of a process used to etch a trench in a dielectric
layer of a semiconductor device according to one embodiment of the invention. Although,
the embodiment of Figures 2A-2C describe etching a trench, one skilled in the art will
appreciate that the process illustrated in Figures 2A-2C may be used to etch any openings
15 e.g., vias etc. in CDO material. Although the embodiment of Figures 2A-2C represent one
cycle of the etching process, one having ordinary skill in the art will appreciate that
multiple cycles may be used to etch a trench in the CDO dielectric layer 225. For
example, if a trench of depth x is desired, for a two cycle process, the first cycle may etch
a trench of depth x,, and a second cycle may etch a depth of x,, such that x = x +x,. In
20  one embodiment of the invention, the number of cycles used to etch the trench depends on
the thickness of the CDO dielectric layer 225.
[0017] Figure 2A illustrates a semiconductor device 220 comprising a CDO dielectric
layer 225. The CDO dielectric layer 225 comprises CDO (e.g., a compound comprising

Si0;, C, and H) formed on substrate 205. One skilled in the art will appreciate that CDOs



a trench of depth x, , and a second cycle may etch a depth of x 2 . such

that x = x, + X2 . In 20 one enbodi nent of the invention, the nunber of
cycl es uswo oBaoabeh the trench depends on the thickness @CTiuse3/ G222
dielectric layer 225. [00171 Figure 2A illustrates a sem conductor device

220 conprising a CDO dielectric layer 225. The CDO dielectric |ayer 225
conpri s&afayGRulep&rous HInePARAHBEhoGRAMBRL g‘-iés@& e§ Bfack BiarAtih IHAanQJtG%Q on

substrate 205. One skilled |nthe art W | preci ate t hat

03/ 1051 r silicate

gl asses%g"gﬁ[{eymﬁ Di arr[)h%@rfr%ll %&E &pﬂoﬁﬁégp&ﬁégl al'S Technol ogi es
I nc. of Sant.a, An ra ass uf act b well @
Inc. of M ra}cg ﬁdim%cﬁ]ﬁnmwg}g e]ga oS Omh’é’r%%‘ﬁ?%‘m ?netq?é’qlgoﬂ\}gﬁtl on,

the valu of t he di Iectrl constant V o he CDO dielectric layer 225 is 5
less th m‘éﬁ‘&‘é’f‘r'ﬁ? é(ahZSQ ﬁ%dl%c@ﬁyogﬁﬁmaléeOftHeﬁQpa‘ilé'GCtWﬁéWe ¥3¥g an

integrated circuit. Substrate 205 may include, for exanple, active and
passPve lersvhanehs ubstrata 285 nayibewdy sirfasesgenerated wiedhanaking in mcaratedhsi st or s,
capacitors, resistors, diffused junctions, gate electrodes, |ocal

i nt er corefredit.sSutstrate 286 msdyriatled 6& axayphe siivienad paksivierndeuicad ihagarﬁat erials
t hat separate such active and passive devices froma conductive | ayer or

| ayers tfbtedasnes sificdnowsredlsuen ab &ms@‘tor_rs,f&fimdo%oile%ﬂst&s REFERU§SIctibnd, 24" 230 is
deposited on top of the CDO dielectric ayer 225. The photoresi'st |ayer

230 is Q%fr@dé%eﬁcilCInt@?JohH&:t@ el %ﬂﬁé}ra&g‘%S 1¥i‘a¥ %Ilsé? ﬁmﬁid%l?gsqlldtfﬁ%?ne&&?atl

dielectric layer 225. In oné enbodi nent e invention Yerned

w at - of MR Ry ERRRURR B4 pRHRE gt R Pty oo Bt o esi ot

| ay 230 i tte ed usi ng conventional photolithographic techniques,
sucﬁlbas?f dﬁﬁ Wotore3| st layer, exposing the nasked

[0018] A photoresist layer 230 is deposited on top of the CDO dielectric layer 225. The
photoresist layer 230 is patterned to define a trench that will be etched into the CDO
dielectric layer 225. In one embodiment of the invention, the patterned trench in the
photoresist layer 230 has a width equal to the CD of the width of the trench. In a positive
15 resist technique, the photoresist layer 230 is patterned using conventional
photolithographic techniques, such as masking the photoresist layer, exposing the masked
layer to light, and then developing the unexposed portions in a developing solution to
remove the portions of the photoresist layer that are exposed to light to form window 240
in the photoresist layer. Figure 2A illustrates the photoresist layer 230 after the portion of
20 the photoresist layer that is exposed to light is removed. One having ordinary skill in the
art will appreciate that negative resist techniques may also be used to etch components
€.8., trenches, vias etc.
[0019] After forming window 240, the semiconductor device 220 is placed in a reactor
€.8., 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



| ayer to light, and then devel opi ng the unexposed portions in a devel opi ng
solution to renove the portions of the photoresist |ayer that are exposed
to |ight wooBassmwev ndow 240 in the photoresist |ayer. Fi @orassaas222
illustrates the photoresist |ayer 230 after the portion of 20 the
photoresi st |layer that is exposed to light is renoved. One having ordinary

skil'l i Nniteplashid redétbr. BOGHRHRIIENIIBF tHRGHANIYR, theRaslor [s@ORE4es My al so
be used to etch conponents e.g., trenches, vias etc. [00191 After formng

wi ndow %&anéeagea@me%@e&m %Mﬁﬁ@gggc@. s al?érﬁﬁggmibgdi ehﬁao(fttl?c{]e e.g., a

pl asma reactor (etcher). In ©Ohe e nment o e 1 nvention, process of
25 exposing..to light .and repovin he photoresi st |ayer .that is exposed to
Iight i<SPBaPPRASR en?g\}%rfffﬁ%"gf%&%ﬁgbgﬁW%SﬁQne fnﬁg‘?cﬂ@eﬁ‘i Oéjéﬁr% react or .
In one enbodi nept _of the ipvention, the reactor is a Magnetic Enhanced
React | vaMYGHORLER Fﬁ’& {ERRaYPERTOFess ISt aisotPpic a f e ebRediMER AL thsin¥eriiont he

invention a conventional reactive ion etcher may be used. In one enbodi nent
of tRe thaGPRiceeyaknacespeympissy aplasmectobproessanPeing B0 remeyvad

enbodi ment of the invention, 5 the CDO renoval process conprises a plasna
et ch pr aresss thDaemivgnduntor@d@ce @Aisaixpoged de e plasmiaeomprisiag adirsitgas wiéhi ce 220
is exposed to a plasma conprising a first gas which includes a nolecule

conpr i siingudsnahnsicane corhpiidihdearbdroaiil MaYind gtomsiHak g o fakst @O 6abAEN  at ons
to fluorine atons. In one enbodi nent of the invention, the first gas has a

hi gher pahe@HhRgAe Aonts URGhOEMBERREN! FHRE inVéntldd, ﬂ’ltehﬁ%t_ Ak S, fli@hérhe gas
nol ecul e. In one 10 enbodi nent of the invention, the fiTst gas™Is CF4.

[00201 Iy rc@ﬂﬁg@@?ﬁ@dﬂgfg%%xﬁ{ rg‘iel?f’?/{a h@gtggpa%%s }%‘Jﬂ?ﬁgse NLR9%, of fluorine atons

in the first “gas us rm | _ Fenovare process is
ol adtn eepHe PE et s o pGe Bl | ooe veed to Tormihe
[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, CF, is introduced in the reactor for the CDO
15 removal process and C4Fs 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



Thus, in one enbodi nent of the invention, CF4 is introduced in the reactor
for the CDO 15 renoval process and C4178 is introduced in the reactor for

t he pol ynwo odapsagé ti on process. [00211 I n one enbodi nent pefi/ush&1i2exent i on,
the first gas may conprise atons other than carbon and fluorine. In
addition to the first gas other gasses such as oxygen or nitrogen, and

argon ”Bﬁﬂa)algeﬁlgse@ % ?&?c?ﬁ@%hei}ﬁashﬁe d}leﬁoﬁg ok inRYRKENMAQRL e Rill Aprédifte

i nvention,” t ratio of the first gas to argon to oxygen is 10-20 parts of

the firs S t f 2 - 20 . en. In
one. embaline b FRY v Al bt oG btz JRRRE SBpaKECT
oxygen is . 1:.10:.1. In the reactor, the.plasna i truck at. RFE power in the
range ofOfi%‘b’@-"%ﬁ’(ﬁ" RePressyrg ity &EIr%tqrﬁgwam%?dﬁ’e?‘ﬁee&fgvg%t@&ﬁ nt of the
invention the power at which the plasma is struck for the CDO renoval
process hugdrgdgremToRat the power at which the plasma is struck for the

pol ynmer deposition process. Any 25 commercially viable frequency, e.g.,

13. 56 MHP022) Fighie 2Brilbistolas tefetobinganfdicach 231G . ThegCHP ro®o 1@ prowss 1s an

PCT/ US03/ 15222 may be used to generate the plasma, One having ordinary

ski I'l i nanidoeropictetoh procedppherirathe bottdm burfive gf ittestrench@§0 seetatied ac k fater ot her
powers for other wafer sizes, In one enbodinent of the invention, the

Pressur eraitd dstbMphfd@ wiAGE efching offtHeNidd WAL JTehd@ah2BUE DR té BR%ig® hundreds
of mforr. 5 [00521 Figure 2B illustrates the etching of trench 250. The CDO

r enoval ] i I1C; 1 sur face
of tha (FaRe BPanich (@ icadBt SRphARNTIORT HMPIAEG? BoMbAHT LA AREEPEFONT | 800

of the sj I f 1 trench .250.. Dug tp the high ower.__at ,whi ch the
Cbactor ETlBID Fh dfer e RO Rae P Dha plfee b e BB e of t ne
trench 250 at a greater rate than the sid |I's. The presence of the

pl astth i Ragidogeslieraaih b ion pppAEAmGHL CAUSeR, the ogbﬂlﬁgﬁﬁﬂétﬁ@ trenghsey) tohe

bottom surface of the trench 250 to
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 inthe CDO removal process is reduced in the reactor. In one embodiment of the invention,
9



be etched at a greater rate than the side walls. Because the trench 250 may
be etched in nmultiple cycles, wherein each cycle etches a fraction of the
desi red twenshozslept h, the side walls of the trench 250 areTdisbj/exp2to the
CDO renoval process for a fraction of the total etch tinme during each
cycle. Therefore, the depletion of carbon fromthe side walls of the 15

trench 25Q fir§ g3 Qﬁtma%ﬁ&equT@ﬁaﬁﬁé)é an %iorlzoggim%gn %%ﬁugrﬂferﬁ?&néﬁﬁgr%g%&ﬁ of the

CDO renoval process is illustrate I gure . Because t

di el ectrj r It S.: the r enoy pro for a fraction
of the tfct)lt8 é%a%%)? cﬁﬁ%ﬁﬁ%&é‘%ﬁqﬁ‘% P%ajeaérs'tc%%'a%}b@eﬁ at%t?r’t %See%g%g%?fséfi on region
140 forne the.prior art etc .ocess. of Figures 1 A- 1 C the depletion
r egi on f%ﬁﬂg%ew e geaiss J%%wvhbcgfﬂae {5 inyerTioR e §e4ORd BPYYRTBPISES 4 5
substantially 20 smaller. In particular, the depth to which carbon is

depl et edmplesiie tha has yiearand gtigrof carbon aiogisde fliparing aomseck that. (tha ragg of onpar ed
with the prior art process. [00231 As illustrated in Figure 2C, after the
CDO renoteabonmteme tstleprgiecimas iprthesesend gasiraldeulhis goedterntean e paivi afi on process
is perforned in the reactor. In one enbodinent of the invention, after the

CDO r enmeazbonpataae ssfludrine aconciarnhe fist gas méleéle In dretenhadiiddbf ie used 25 in
the CDO renoval process is reduced in the reactor. In one enbodi nent of the

i nvent i Oifvent®nV¥PtEohOet Q8o ol (hb'BPst/chd BriRe rdabr {4 Jrédterdfign et h @ nol ecul e

having a first ratio of carbon to fluorine atons is purged from the

react or . cofitdffatibf dP e @ﬁco‘ﬁ:@ ggy [h geiau&? tHeh rCf%(()) gé}ﬁoJa{l 8{:;%&{' ﬁ%&\?@\?& OF thed S€CON d

gas is introduced in the ctor. I'n one e I men Inventron, the

d | Lecul e that h d ratip of toms t
71 uor i n e o e st B B o R8n i Ui Shn S peipatiBest ome | n

t he ecocpd gﬁénrml ecule is greater than the ratio of carbon atons to
f1 uori ne“RP PHUhe first gas nolecule. In one enbodi nent of the

invention, if the concentration of the first gas in the reactor is greater
t han t he[0b24] 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 C4Fg.

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 C4Fg 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



concentration of the second gas in the reactor then CDO renoval occurs.
However, if the concentration of the first gas is |ess than the

concent r aWpD®/10519¢ he second gas then polynmer 10 depositi @oTasoyt®22 [ 00241
The pol yner deposition process deposits a |ayer of polynmer 255 in the
trench 250 forned by the CDO renoval process. The pol yner deposition

process iGaFRbh,SRFing tid Jdlfieler depBiasTBrobss! fPolyRRR Islsedir the FABIseRYAG; 9as. I n
one enbodi nent of tghe I%fdn?}gnti 8n lt he 0segond gas iss S?34178 15 [OOOZgl I n one

O e bing ey ki (¥ RALbOthe debi R0 ERI AU Inc SRR A sAI IRkl " SeCOnd

gas used t mthe plasma int osition process T's greater

than th rcent a f carhon.atons |.n the fjrst_qgas.used to formthe

ol s 19077 BB PR BB pE R el oo e R ARG fecphiLes
inventian, i 8 is iptroduced in the reactor for the polynmer deposition
process lﬁﬁtﬁuﬁg‘éﬁﬁtﬂo&?ﬁ Bgﬁpoiuﬁg(?%éoqoe\é(é%for gurringh VaisT-Chysy asgsmpared o

process. ibgOZGl In addition to the second gas, other gasses such as argon
may &l sdigethg S0 reng st piocessdheperearat whish seeplasmoigistraek inghe polgmienvent i on,
the ratio of the second gas to argon is 10-20 parts of the second gas to
100- 200 dspesitsorgfrocasy tarelatimelyhew eithobivpowerat whivh thé redetot isaperatdde rati o of
the second gas to argon is 1. 10. In one enbodi nent of the 10 WD 03/ 105196

PCT/ USO3led:22:22 thel ion 8inbadmetiti(léss §putReinBPleiiTBhg HEP@SH! kR Foph! &GBSiFonNO OXYygen
is used in the reactor. By not using oxygen in the reactor the depletion

of car bothyf doptthérbiany "vfb’Bféhfr&fi_ignéy? e@,gB%MZ i?OIQ@I%Lm doWie ?é;&ﬁgfg&ig?m of the

invention,” the plasma that is forifed with the seconclitl gas ruck at RF
Fhe Cooarmdar b il fihe pihe SoRe B Rl Regonet B o RO e ™ 1"
pol Mger 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,

wherex, < 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.

11



deposition process is relatively low The | ow power at which the reactor is
operated decreases the ion bonbardnent (less sputtering) resulting in a
nore i sotwopBaoxeposition. Any comercially viable frequeackyysoy1322 13. 56
MHz, 27 MHz, mcrowave frequencies etc. may be used to generate the
plasma. Due to the [ow RF power the polyner deposition 10 process is an

| SOt I Opi[007¥) 4f Ofder eN€lcia trdN& inQhic e@b/dlel"ect%é% ? 28RO éy%fé %drﬁﬁ;tg%hé’e wal | s

as well as on the bottom surface of trench The pol ymer 't

o] o el Aopy e vk SR Y AR L ™

cross |linked to each oth n one e

order t r t.he nes of t . Ter 255 e. anount of
car bon ﬁlrrllhp ﬁ'e%%?%d trenc}t‘ Hé ls| E’on?ﬁﬁ'g’(’dwt %tlh%blhv(?aﬂ?? é% WYHeof the
second ma ased or a ga ving a nolecule with a higher
ratio of tht%fﬁﬁ @66“??%??%%356% hﬁnﬁﬁ Siclectir layer 25 tpphedsstred) | i ng
t he am)unt of polymer deposited on the surface of the trench, the etch

bi as Sof tieReh dentivdhé pelymendeposition Bracess maymnas e perierottidngteveayer, ihend nvent i on,
the pressure within the reactor is maintained between 100-400 nfTorr. Thus
in one embodinmmbof the inveatiom\daring the ladt eyde therpedyanirelepaditidraproeehs intaythee

reactor is higher during the polyner deposition process as conpared with

t he CDOpeefomel tophaaesss JdttiSnal ahifedmityhs tﬂ@él&é@ﬂlsdﬁmﬁﬂcﬁ%lﬂl{v@ﬁgﬁ of the
first cycle the trench 250 having a polyner lining with a depth of x, is

formed, subdeghdht et Sledn probésgr the first cycle, the CD of the width of the
trench is substantially the same as the CD of the vmdth of the trench

i1l ustragesd iFods PCT/ [00291 In order
to etchqg t}e lﬁegﬁilﬁﬁ%éﬁéeéom %I‘I c%%%%%rusfg t@ 8 68 ’Inea #FiCsi ng t he
e ner deposi n process may be repeated
0t 5Bt EL SR Gn R 5Geie "igrth?Bﬁ i L SE G o S
enbodi ment of. the invention, i i ng
process illustrated in Figure 3, the de51red 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  ofthe 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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the last cycle, the CDO renoval process etches the CDO dielectric |ayer 225
to the desired 5 trench depth, the pol yner deposition process nay not be
per f or redwoOKomes1eé , i n one enbodi nent of the invention, aamiusgi/ifze2 | ast
cycle the pol yner deposition process may be performed to ensure cross
sectional uniformty of the sidewalls of the trench follow ng the

subsequqp3 MatigiEreeRiMuitf A6LEEemil AT Eév%era&testﬁe e8I} B palo&ﬁ&%%d cycle of
a process used to etch a trench in a dielectric 10 |ayer of

semi co nq%\’)ﬁ' Qhd gl%tfw'o&%:é%‘i me'}&g&ﬁ)aﬁgﬁi&@%&r it g%%df?%en& Qfsthle “&&Peﬂhbr? n I n the

process ustra n Figure trench depth 1s reac &d after

he CDO 225 of th T d
et ch o JUIBRIE B FRBRE R Renf e\t RERO e ﬁ%%smeg ﬁs&hﬁﬁl‘%@l@&%ﬁ%ﬁ‘}%

i ncrease rench th b x2| . such t. the |red depth x = xi + X21
while s ¥1€s§?¢ Ch Jeﬁfﬁﬁﬁ? &9 eﬂgorxah@%é:e}ctaﬁm%a% Yﬁi?trF %?mgﬁgﬂzssa %%‘w th,

During the CDO renoval process of the second cycle, the polyner that was
deposi t g ohilegidenen eeiaismeshlyentsaplk hs Nueth] 2 mgrolidengdiNRElo remeBsi t i on
process of the first cycle is renoved. The pol ynmer deposited on the side
wal | s ofth¢ pdymeefich theirend suifece, pol tpremodethe photiocasisplayerex¥). offidritee f i r st
cycle protects the sidewalls of the trench 250 from CDO bl ow out during

t he CDO wekipdaihg pra2esss thedf D bii thesaamnst teyen B.subdlardialy angpdpsent 20 of the
invention, after the desired trench depth is reached, the sem conduct or

devi ce ia@m SThu§ Wah&bd hek BeeWRlisclos &Pk BShtRIRELHS AR REH Wi s espect to
Fi gure I n one enbodi nent of the invention, the trench 250 may be

subj ect ypyd ﬂSre%L ¥E& Lllqg"tgelﬁéd Zlddoc{%s% ) m%s?lsctt arfe L4 O &ntsm?re%r emoval

process I n order to nmaln n a uni renc CI’OS Sectl on after t he wet
o Dl R oA ST b A S vt
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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| ayer and the polynmer fromthe trench according to one enbodi nent of the
invention. As illustrated in Figure 4, after etching the trench 250 to the
desi red dwptob/10i1tbe sem conductor device 220 is subject edPrCo/usonvent i onal
post etch ashing and wet cleaning using a solvent 5 e.g., a fluoride ion
cont ai ni ng sol vent such as N nethyl 2 pyrrolidone (NW) to renove the
polymer fromthe trench surface, antLApvgenove the photoresist |ayer 230.
After the wet cleaning process, the CD of the width of trench is
substantw@thﬁHﬂﬁgp@ged [00321 Thus, a nmethod has been discl osed for

controlling the etch bias of CDO films. Wiile there has been illustrated
and descri bed what are presently considered to be 10 exanpl e enbodi nents of
the present invention, it will be understood by those skilled in the art

t hat varfouslgﬁﬂg onBQ1}ﬂﬁ%tlonS may be nmade, and equival ents nmay be
substituted, out é%partlng fromthe true scope of the invention.

Addltlonally | ar
situation toFFﬁgnﬁ g%%%&g§q%k&¥ﬁédgﬁ§% 2F%?ﬁ§e%§f%%qﬁﬁ% %@ggrtlng from
the central inventive. crib d her ei fore is 15
|t eraecorR CTRRHEEERINEIR & AR 61 AaPbE TP a8 TG B ¢! cul ar
enbodi nents di scl osed, but that the |nvent|on i ncl ude all enbodi nents
falling withiBerORBINGARETBET depesitigsprnerss said Ralyraer deBoSNEPTOBIOSEPS 196
PCT/ US03/ 15222 CLAIMS What is clainmed is: 1. A nethod conpri sing:
per f or miqegnpaisoaribioedudoygedseoxriddgas (CDXPpsit e polyaier pr the deench glthd COMDlayenoval 5
process conprising introducing a first gas to forma trench in a CDO | ayer;
and perfort-ning a polynmer deposition process, said polynmer deposition
process

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 CF;, 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.

14



conprising introducing a second gas to deposit a polynmer in the trench of
the CDO | ayer. 2. The nethod of claim1 wherein the first gas conprises a
first nolwowBaotiawying a first ratio of carbon atons to flpgerisa®1z2enns, and
t he second gas conprises a second 10 nol ecul e having a second ratio of
carbon atonms to fluorine atonms, such that the second ratio of carbon atons
to fluorine atons is greater than the first ratio of carbon atons to
fluorine atons. 3. The nethod of claim1l wherein the first gas has a higher
per cent &ge ofThemethadas clamdnwherbiarth¢ teecteecomptisgasny dite of.a Mhgnetiet hod of
claim1l1, wherein the first gas is CF4, and the second gas is C4F8. 5. The
met hod ®nhatoat Redctivation Eiohirtg @KIIB) fedY 2dndr 0 e&sioatldeddiie ReH stomMhg
deposition process are perfornmed in a reactor. 14 WO 03/105196

PCT/ USO3{stRe22 6. The nethod of claim5 wherein the reactor conprises any
one of a Magnetic Enhanced Reactive lon Etching (MERIE) reactor, and a
conventional reactive ion etching reactor. 7. The nethod of claim!l
wherein the first gas forns a plasma at a radio frequency 5 (RF) power of

bet ween 71000 1B ¢heARRAL B! i Réreid tﬂ@ﬁfsflgﬂ maﬁ& cBoM he, faaim&o%c lai m |

wherein a plasma is struck at a power for renoval cess that is

S (RFTbE oPBURLcc 0¥ il gﬁgm@mﬁw@k Por Lhe Dol yier

dep03|t|on rocess Wher i n t he pl asma fon-ned
during the polynmer deposition 10 process does not contain oxygen. 10. The
met hod of claim8 wherein the plasma is struck at a radio frequency (RF)

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.

15



power of between 500 and 1000 Watts for a 12 inch wafer. 11. The nethod of
claiml wherein the polyner conprises at |east one of fluorinated

hydr ocar bwosaexdohydr ocar bons. 15 12. The net hod of cl ai mpCTWses/ei2e2 t he CDO
removal process is anisotropic. 13. The nethod of claim 1l wherein the

pol ymer deposition process is isotropic. 15 WO 03/105196 PCT/ US03/ 15222
14. A nethod for formng a trench in a carbon doped oxide (CDO) dielectric
| ayer conprising: formng a window in a photoresist |ayer, said

phot or edidst |Aagnethod gpodirhing adrentlo fn ®€arben ddped loajder(CDB)Rkslé@ri¢riager a car bon
doped oxi de (CDO) renoval process, said CDO renoval process conprising

i nt r oduGbf@rigingi rst gas in a reactor to forma trench in the CDO | ayer;
and perform ng a pol yner deposition process, said polyner deposition

process COMpinshpg véimawﬂltl%;&mor@si&q ,;Lagﬂﬁl\?}]&estimafeﬁgééo%ﬁe&&g&g%@sit a

polynmer in the trench of the CDO1 aye erernct Irst g conpri ses
a first ar@b Gul e having a first ratio of carbon atons to fluorine atons,
and the second gas conprises a second nol ecul e having a second ratio of

carbon atons tq fl.uorine atonms, s c@ at the second ratjo of carbon atons
Lo Puori ne BPGRATINE 2 GRORR EPPRIRICE (e P B AP0 by DOHEBAG ¢ o
fluorine atons. 15, The nmethod_of claim 14 wherein the first gas has a
gr eat er PHREEESSHYSINgFinFrodpsingrrelirst gasar 8 fercinsto fasmexiu¢nshimthe GPO laysrond gas.
16. The method of claim 14 wherein the second gas has a greater percentage
of carb@nd atons per nolecule than the first gas.
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.

16



| T The nmethod of claim 14 wherein the first gas forns a plasma in the
reactor. 16 WD 03/105196 PCT/ US03/ 15222 18. The method of claim 17
wherein twoeophessa is formed in any one of a Magnetic Eniremasds/Reazrtive
lon Etching (MERIE) reactor and a conventional reactive ion etching
reactor. 19. The nmethod 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 nmethod of claim 14 wherein the second gas forns a plasna in the

r eact or .18. 21 ThEecthnst ¢isdaing 1 7ovidrem2iie plasmeisfotninel iplany nee ofbeblagodticcont ai n
oxygen. 22. The nmethod of claim20 wherein the plasma is struck at a radio
f r equen@nhéiRic)l Repatverlon Etdhéig @ERR B) Qeatid ahd@QoMédntisndl o¢actvd dnietingraf er. 10
23. The nmethod of claim 14 wherein the polynmer conprises at | east one of

fl uori ngtgghr. hydr ocar bons and hydrocarbons. 24. The nethod of claim 14
wherein the CDO renoval process is anisotropic. 25. The nethod of claim 14
wherein the polynmer deposition process is isotropic. 26. A nethod for
fonning trenches in a sem conductor device conprising: 15 providing a

substrati®; depeahdthdtboft]LiR ITORMhSSReRE }?léérﬂz?is(sm atl A4S0 f%ué&? (RElpst rat e;
depositing a photoresist |ayer above the CDO | ayer; 17 03/105196

PCT/ ysog{omgﬁ%%?@gnt ﬁfo@iaflﬁ 4560 q,aptlg%rodr?s%%%wgfy_er; perform ng a carbon

doped oxi de renoval process, sal renoval

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



process conprising introducing a first gas in a reactor to forma trench in
the CDO | ayer; reducing the concentration of the first gas in the reactor;
and 5 perworoailegg9@ pol yner deposition process, said pol ynPCTAdsSpdsize: on
process conprising introducing a second gas in the reactor to deposit a
polymer in the trench of the CDO | ayer, said polynmer deposition process

done in the 3hseRaH Qfd heVHESst 14%r: The nmethod of claim 26 wherein the first
gas conpri seg}aa fiﬁ%sst rr%iléecullse ﬁé\r/i ng a first ratio of carbon atons to

fluorine atons nd t n | Ses se : L ecul,e having a
second ratio p3¥f°§%1?1§3 %gréjt% g cr(?wgp?dog&ﬁ%@ﬁ%reﬁog ﬁ&m%e%g Eg&d@{%{%ﬁéoga&c ond ratio

of carbon atons to.fluorine atons is greater than the first t.i o of carbon
atoms. { PrORPYBITRSING IBFRduCEE & HREEsIpAIERUT (@ R SRR G CP] Bfekemm | s
struck at a radio frequency (RF) power of between 1000 and 4000 Watts for
a 12 inch wafreducing the goncrafraton of doliist gas in thsrerciarsand 9. The net hod of claim
26 wherein the second gas has a greater percentage of carbon atons per

mol eéul e t harpetfhemingagpolygees depositiohhgroeass,ised polynedralepostisonprecestn t he pl asnma
is struck at a radio frequency (RF) power of between 500 and 1000 Watts
for a 1Zohpeibingdfterdudingiasgcdndezapid thevsacthe po8épokiv A poRthep ithedsench 8f

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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