P EM&%IPPTPCT 16/ 11/ 2005 NETHCI) FOR CO\ITRO_LI NG ETCH BI AS oF CARBO\I DCPED
"OXIDE FILMS 5 BACKGROUND “[0001] One of the trends in the manuf acigya 10/2005
sem conductor devices is to shrink the size of the sem conductor devices.
Therefore, the size of corrponents (e.g., trenches vias, contacts,

i nterconnect |ines, pl u g}azj eni conduct or devi ces have
correspondi ngly continu E’g%# Hﬁbdﬁf NE"[%Tﬁ:H BIAS ncrease in the
density of the 10 conponen ARBON, RORED QXIDE FHMSor devi ces. Today,
sem conductor devices are nmanufactured with the components having

subm cron di nensi ons, necessitating the routine fabrication of subm cron
structures such as trenches and vias. [0002] Due to the smaller size of
sem cofiduct or devices and the incrBaAg®IGREOUNDY of the conponents that

formthe i(? nductor device it is essential to control the critical 15
di mensi on (ﬂilégg}"e therfeends e arpnyfaciure obpnutorductondoviesstis isshrink e sieasi on

of a specified geometry that nust be within design tolerances. The CD may
r epr esent of the semicgnduatdr devivas.t Eherefdrd, ithesies oft dompdnsita (e, BeicheediatWo | i nes
necessary to naintain the sem conduct or device's performance consi st ency.

| f the CDsomdctd, heterconfRenBidsSplapSetdg ithat Gort ﬂ@'skﬁ%on&ﬁh@owgﬁﬁes may not
perform according to design specifications (e g 20 to a change in

resi St Vi bty 80BE AL SHRGEIRT 8 éastgqewgngtgr [ting in a

degradati on of the perfornmance em co nin a
catasfyro of the. se nduct or.devi ce. 003] .In order to
cont ?tgl ﬁ%’hﬁ’&eﬁtgh{ﬂﬁe%&tﬁ%gﬂgﬁ)g edj ' afsiv Fg‘é‘%ﬁ’s%ﬁ&“i‘ dugidndeweerae  he
Hr}fponents tﬁéfl at |east the etch bias. Etch bias is the

di-f'f er end® ??%ep@&awnﬁéﬁéin&ﬁmbM@ﬁWéﬁ ngpeseitating the

- phot ol i thogr aph and t he di nension of the conponent actually forned after
et chi ng. Tginedabrgatien of sutmperogestriucmeesisuch fs wénched anengds.i s 1, U m 1 P14431PCT

[0002] Due to the smaller size of semiconductor devices and the increased dens1ty 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 geomctly that must be within design tolerances. The CD may represent the
width of a pattcrned 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 perfonn 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 Hm

Com



' 16/P13432006 (patterned after photolithography) and if the process-used to -
“manufacture the trench etches a 1.30 in trench, then the processjjy SEr 8005

to have an etch bias of +0.3 m Having a poor etch bias is undesirable as

the CD of the conmponent may not be maintained, resulting in a possible

degradation and/ or failure of the sem conductor device. 5 [00041 Fi gures

1A- 1C i | | uStattemed aftgsnhstolithegraphy) endifiibeprotess esatoandmuditireithe @erghetches ri c

| ayer of a seniconductor device. One having ordinary skill in the art wll

appr eci at ea i B8y m cengip deAtbe Brogess i§ ERMEI RS c BRGNS Jfaéo.é)ﬁm?!sﬁgvihg aﬁtkié}
damascene integration of copper interconnects, and the dielectri ayer
i nsul at es vias, contacts, etc.

per., i.ntercopnect |jnes, . As
i |lustrat e%a?%ﬁgf%df?pgswah% % tg%ﬁf)c?f eergpongalmawnatdy rsRiRedetssulting iman 10
doped oxi de %gj% dielectric |ayer 110. The CDO dielectric layer 110 is a
conpound 1R9sSibledegiadption andferdallire of thstsemiconductprdayice, 120 after the portion
of the photoresist layer that.is exposed to light is renoved. One having

or di napy dR904] Kigunesd Aal€ ilvistiateappri@cirigirecdsh adedao @phiaStkrdigh $h PRieldori@nd H,
and may be deposited by any one of a variety of nethods (e.g., chem cal

vapor depdsyiet bﬁaﬂsexiﬁyomﬂcﬂﬂidaﬁicé.hﬁn@miﬁ%'of'ﬂiﬂﬁ{r 91511%%11%16e)aqrﬁgp OQJi&‘té s 1 aver

120 .is deposited on top of the dielectric layer toresi st

ayer has c%ﬁbﬂh@%_é?@eméﬂ@%l%l\ﬁagbg P?é?];’lﬁ éiﬂ%]ﬁdo O%%%%[gggteg%ygp%\%%&ﬂeg the

trench. In a positive resist te
exposed t .aht and devel d in a devel oping solution tg renove. the
portions %’ftéﬂf‘%gle%%’o%‘gﬂg% ﬁlgfe%ﬁ'é(i/% Clit at%tgrtg‘ EUNsE BYercgnpsel Hpes, Yier ef or e,
Figure the sem conductor device 100 to a plasma conprising a carbon
f kdori ne b"&‘iacfse 5 As@hliﬁr,ate‘b?ﬂf}g“#r Lispsemiegngyetar devies 10Ggumprissnd carbgon i n
a reactor, The plasma is struck at radio frequency (RF) power in the range
of 1080- sbwed pEtdeSCO R dliglectsadayet EH). pFlec@BO dislecteigadyiey @10 &sd sdmper@bini ques
may al so be used to etch conponents e.g., trenches, vias etc. [00051 _
Fi gure 1Bomprissigr$iOgsC tand I el exxaychecdopbsifd \byGay bao oﬁﬁtvﬁﬁet?'fb?n%dg'(é ectric
| ayer has been subjected to a plasna etch process. The plasma etch process
conpris es;hemilﬁlswj:@:r deposition, by spinning the CDO on a wafer etc.). A photoresist layer 120
1s 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 trénch. 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 light.: Therefore, Figure
_ 'i?’-) . -1Aillustrates 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
. megative resist techniques may also be used to etch components e. g., trenches, vias ete.
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,

CaoFs, 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




Pl #4@8BRCT 16/ 11/ 2005 ani sotropi ¢ and.a trench 135 is forpmed-after ‘the

seni conduct or. devi ce 100 i's subjected to the plasma in the reactpg/ﬁqL/goos
predeterm ned tine period. Due to the reaction of the plasma, and In
particular the oxygen in the plasma with the organic carbon containing
species CH3 etc. in the sidewal|ls of the trench 135, gasses e.g., carbon

di oxi de arflisotepisang afranekil 32 issfoenedafie shasenitrenddetor deviem! (8fis selgected tecar bon
contai ning species fromthe sidewalls of the CDO dielectric layer 110

resul ts i rthapleph ét hemeacayifona prédetetthiged gplgiciion Duet @8 rdflon 6 k! i ca | i ke
and is easily stripped by fluoride ion containing reagents that are used
during t hgala%ﬁ{a, SACRNPHRGREThe bBQRTN ﬂe%@ai’gﬂ? He&f‘%e{n‘% EZbH B .{;};ﬂgC} o

device 100 after the wet clean ‘process strated 1 n Fligur

t he ashin : . reepoyves, t hot oresi st |ayer 120. _In

addi ti on, g{j %1385%3 %Fggn%%lgg‘gégs %fghr%%%htlﬁg’ %@ﬁqsé’tg"o??rsti‘oé]dﬁéﬂdiﬁ'@? ot auses
the width of the trench tq b arger. than the CD of .the trench (CDO bl ow
out). vF?P&‘%IdFFEW&?aS%dﬁ}‘F qeea 1 of prggnicicarbop centaining $negigs Fromsthe
undesirable. If the depletion region 140 is left in place and not renoved
by the wefidgValkipighoebEydiclastricdpydrdd f results tmasdepittionaegioh 14b.e THe desetian 15
region is increased. This. increase in the dielectric constant results in

t he di el ewgrincl40dy silichikegnd Basibf dtepiddie Msoridd iomsdHtahing edgehRthalare and
results in undesirable capacitive cross- talk between adjacent copper
lines. BRidel dRESCRRTONaRprdddss. DRAW NGS [ 0007] One or nore enbodi ments of

the present invention described herein are illustrated 20 by way of
exanmpl e apgdodiokishy, Jo ] ' ' C nying figures. For
ioAp i ci {oge)Fighte YO Gralcs T oh b Uebli2 DR EREPAR e ephBRERS: (67T 1 qur es

are t 4| dr. to, scal e. For exanple, the dinmensions of sone

of ot s e e 1o Plepye L Ge thy 2Shing Gy ot bt BOREY rehevRbePlarestayan20.

Furt her, vvh@gr.e copsi dered appropriate, reference 3 16/11/2005 nuneral s have
been repdBeddftt @ Wehelean groress rergoygsdhe dandetionregiop d Afliand corsenthavadibus

of the trench to be larger than the CD of the trench (CDO blow out). Having a trench
~width larger than the CD of ﬂle trench is undesirable. If the depletion region 140 is Iéﬁ in
. place and not removed by the wet clean process, the dielectric constant ‘k” of the depletion
15 regionis increased. This increase in the dielectric constant results in‘the dielectric layer
being less effective as an i_nsulgting 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




el @metRCT [ 0008] Figures 1A-Cillustrate a prior art -process used to etch a -
~trench in'adielectric |ayer of a sem.conductor device; 5 100091jEi/guf 5005
2A-Cillustrate one cycle of a process used to etch a trench in a
dielectric |ayer of a sem conductor device according to one enbodi nent of
the invention; [0010] Figure 3 illustrates a second cycle of a process used
to etch a Rymesials bpye beenirepestadramong) thy gt taindEntecomdsondingdewhaegascor di ng
to one enbodi nent of the invention; 100111 Figure 4 illustrates a

sen conduotlemerdevi ce after the renoval of the photoresist 10 layer and the
pol ymer fromthe trench according to one enbodi nent of the invention. :
DETAI LED DESCRI PTI ON [ 0012] Described is a nmethod for controlling etch bias
of carbon doped oxide based dielectric filns. In the follow ng

descri pt i q0008) Wiy 3 AsoqTidhiate #1616 dbprbUCR vdé SRAG  irfnoh TRA A1 @kS, 1agact or
pressure, reactor power, etc. are set forth in order to provide a thorough
under st an@jrRgeA{cohAGiGNR v More enbodi ments of the present invention. It
wi |l be apparent, however, to one of ordinary skill in the art that the one
or norg e Fpents of the esent invention nmay be practiced w thout

t hese %pei |! @IQ 1 F&%{rgf ?‘é.'c s {‘?é}neicﬁﬁf?é’%@&?c%“%ﬁé It ‘-ﬂﬁg BisneRined diglestrigr

met hods have not been described to avoid unnecessarily obscuring this
descri pti G¥er endyeter davise ageprding to eusesshadiment ofithelisvantionuded
description, wll be able to inplenent appropriate functionality w thout
undue expH0ifkRigwre nllustraks fabe¢@d0y cledFEHroRas asedne echiaitrdnbk irsPekidctiat i on
to "one enbodi nent”, "an enbodinent"”, "an exanple enbodi nent", etc.,

i nYj cat e lapatoftahemérinddéiorddvicteresidagionsmy ehivolindisi 8f thBiidnfbh.ar feature,
st¥ucture, or characteristic, but every enbodi nent nmay not necessarily

i ncl ude tfpe1DaFigurdlt AushaRl H%@micﬁh&&%x‘ﬂe@ice%eﬂh@&%ﬁ&@aﬁ P HeGinohRLSQVer
such phrases are not 5 necessarily referring to the sane ertbodI HEHt .
Furt her, ' f oShructure, or.cha eristi.c is
Gescr Oped e Mg A R IR oceBbingt> onf enBOuil SFbE memien: ¢ 1 o
wi thin the know edge of one of ordinary skill in the art to effect such
feat ure,

- DETAILED DESCRIPTION :

[00172] Dcslcribgd isa methodl forcqﬁtro_lling etch bias of carbon doped oxide based
15 | dielectric :ﬁlms. In the foilouﬁng .descriptim.l, numerous specific details such as specific
méterials, reactor pressu‘re,rreactor power, etc. are set forth in order fo ﬁrovide a thorough
under.s'tanding-o'f the 6he or mdré 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 rﬁay 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

3

will be able to implement appropriate functionality without undue experimentation.




st'rRlé434P&@T or characteristic in'connection wth-other enbodi ment's whether
or not explicitty described. 10 [0014] Each cycle-of the nethod yged {fPboos
controlling etch bias of carbon doped oxide based dielectric filns
conprises two processes, a first process called the CDO renoval process
(i llustrat F%ﬂlﬂ Fi.gure 28@, and, a second process called the pol ynmer
deposi t i onl0833LRefdences injhe spectisation o ‘meentboflimde}, ayembedioR@t Eoval
process, a first .gas is used along with high reactor power to renove CDO
fromthe botampie embeditneaticétc., imlicanethitihe shddiimmt dekribfiembpienidean, the
first gas is a gas conprising a nolecule of carbon and fluorine ataons

having a fparStulirefeatarebreair 06t AAbRBRrisEe, (b SFdrP 8mP (ﬂf{%% Ir%fr h&&etc&%%ng ymer

deposition process, a second gas is used al ong wt react or r to
deposit a ;pauhom. YRt £ hg s I f .the trench. | ne enbodi ment
of the inventi on,eri{%he seconé’ gas g\é@a(:}lgn‘rg%grcltsﬂce I‘é[?)rr?ﬁ}“?rﬁ”ﬁg pﬁragg%rﬁdmp atio
of carbon _atons.tao fluor.li at ons,, 20 such,that, the ratio of carbon atons
to fl ugri #gctgg%%@{?q%togg%w %%@%WF%‘C usther whes gparticular f#titRe ratio of
carbon atons to fluorine atons in the first gas nolecule. The carbon

pol yner dEPBE e 8T SRARGHIISHR &S drsebradringepesstion svithmncodmdinems it tt sbtrited
sidewal | s and prevents a positive etch bias during subsequent etch

pr ocesses tharkiis within the gnewtedge ybdre oftdrdinatydiibin the bt theffédt efchhfehmrdr Ot ect ed
while the bottomof the trench is etched resulting in 25 m ni rum CDO bl ow

out. 5 Plé#RtR€TorldalabtcR05in dpbéctiotieith bReriNBoBmeRYWRIRHE! At ¢ P}égago

circuits often need to be forned to electrically connect one dev
anof her dgycfiBed.One method for forming an electrical connection is to form
tr€nches or openings in the substrate overlying, underlying, adjoining,

etc. gﬁe@gh I t e cponnected.. These. openings are then filled
with 5 a o%d]ﬁg%fhv c%?fgﬁ‘?%&fg P&?CP}SO(S ﬁﬁléttréhl{l% eTFEr% Sé’?E"ﬁ‘f gﬂéf’i’?ﬁe" Hium In
one errbodé nment,. Ff .t invention, the trenches are fornmed in a multi |ayer
st r uct ur *EEHPFETE S EOBIPISF ORI P S S5a f At propgss gatlsd ther @0 amoralpper
| i nes) grown abogve a substrate with a photo resi st '
‘ 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 'prqcéss, a second gas is used alorig with lower reactor power to deposita - -
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 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 resulting in

- 25 minimum CDO blow out.




© 1 ayef43dposi t ed” above' t he di el ectri'c | ayer: One'having ‘ordinary skill =
“inthe art will appreciate that other structures and materials mayg el poeds
to forma sem conductor device 10 that conprises a CDO dielectric |ayer.
[ 00161 Figures 2A-2C illustrate one cycle of a process used to etch a

.l ayer of a sem conductor device according to one

trench in Lelectric

enbodi nent F"é’i%}e r}’gﬁ?wgﬁmg&ﬁeﬂmqwﬁfghﬁwwélr@#ﬁdﬁten@ﬁ@d orberoguedty 2A- 2C
descri be etching a trench, one skilled in the art will appreciate that the
process i | ¢legtieadlyeapnnect phededes RARbendevibe Qseniethod dtrcbrming mpdetiigs 15 |
e.g., vial etc. in CDO material. Al though the enbodi nent of Figures 2A-2C

represent ameeaipelietoforrh heneties ok bFedif@CiaIte sidERath BVéiEn® tiBdying SKi 11 i n
the art will appreciate that multiple cycles nay be used to etc% a trench

i n the CDQdiHifingCdE. itke {iéW@crs wirch 31%9%36 ?meﬂ.’ g?'lése nﬁ%ﬁ@@% Ereq{é%rpﬁﬁéﬁw)g}rli S

desired, for a two cycle process, t Irst cy renc

depth x,, .6ycle may.etech a depth.of x2 , such that x = x| + x2
. In: 20 gﬁ%ggﬁ%@gi%?n%n a(fgﬁ.g.tq?gp%{rp]g%m?onﬁ}.\gwiq pmo dn pne crBodimeht ¢ty et ch
"~ the trencl deeends ﬁ% t he thifckne s of the CDO dielectric layer 225.

[00171 Fi §oft @veniion, fhgdiepghesare, Ebh H kyerrigiciise campigngriGIGg a CDO
dielectric layer 225. The CDO dielectric |layer 225 conprises CDO (e.g., a
conpound €iskgstriclagey (st apulags tinebpppr Fuoshredvoreboub s sulatmate2@bh a Phatostdist ed
inthe art will appreciate that CDOs 6 P14431PCT 16/11/2005 may i ncl ude
porous fi laysr depdsitadyhoege ticl CDOtdiclgltAs $B2r.e0fe havBh@6ididdrA5ENdn MR uH @4t ur ed
by Applied Material (r) Technologies Inc. of Santa Ana lifornia, or

Nanog : | SpFoumshi
J“exgyas SappredTRD Wa2 6iHef SlidreS BMEYARhI Hhay BCuse@to M[?ﬁ'lrd s%{ﬁqgﬁﬁe}ﬁlgil efi%@ >

| n one enbodi nent of the invention, the value o

constl@t fhﬁicdﬁﬁpﬁs@?a%ﬁie@c&?&%-& | ayer 225 is 5 less than 4. Substrate
205 may be any ‘'surface, generated when nmaking an integrated circuit.

Substrat e i for exa e,.active and passive devices that are
f or med onmg?é‘i ﬁag}éﬁfr%#gﬁﬂgme qe %%ifh | SRIOFESS ugesdg eyt wenchdn adigleafric

di ffused j uncti ons, gat e electrodes, local interconnects, etc. Substrate
205 “may Jr¥G of 3 SEmpensdwdon c}ﬁv;c,qglcggﬂg@ tgloge 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 use.d 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 « -

atrench of depth x;, and a second cyele 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




‘t'h&u443ep@F at e such active and :pas'si’jvé' devi ces from a' conducti ve -1_-a§.{er'_.‘-'or -
~layers-that are 10 formed on top of them [0018] A photoresist |aygly12302pb95

deposited on top of the CDO dielectric |layer 225. The photoresist |ayer
230 is patterned to define a trench that will be etched into the CDO

dielectric Ia}/e 25. I n_one enbodi nent of the invention, the patterned
trench in PREINCHKGMFAsTHmsang rgapgsilisats ghasopseras, Blgola Diamondwagiagaretine

wi dth of the trench. Ina positive 15 resist technique, the photoresist
| ayer 230 bwsApplieddyintedal® Tachnobmpieihe.afSand M mi@ilidbinid) ogNapblilgsstechni ques,
such as maski ng the photoresist |ayer,. exposing the masked |ayer to

light, andnamgavtsted 8y SRinegweN® HASFRASEE TRVNSLPREW Jrdyd ' tion
to renove the portiﬁ(;ns ofgwt he phot or esi st Iaygr thatr gr gﬁg?gggﬂebgdtﬁ%ﬁ?i ght

to form wJrdawnedRionl resl sk o FgHr 1.l ustrates,the
phot or esi st Iaygéﬁlzogbfhea ﬁlgr t gdg%éfcﬁ%énoq%%ht %‘eogﬁ‘S{%o‘??@s‘#‘eé?c %8P+ i s
exposed tq_light, 1§.,.renp ) e havi ordi nar Kill inthe art wll
appr ec?at gestsﬁa %e%ﬁ?&@tg\éﬁgﬁ@ﬁ G B %§3%§I€f¥wgl@1 prkingan iptsgate
corrponents_e._g. trenches, vias etc. [0019] After form ng w ndow 240, the
seni conduCiTEHiT ¢eRhstrate 209 may isclidedor examnle activsrandmagsive devitaadhat areact or
(etcher). In one enbodi nent of the invention, the process of 25 exposing to
|i ght andferaedwnngiliden vpifet schss standistyesy cdpheitors, Sesistps diffubed juntivns] Sate
performed 7 16/11/2005 in the plasma reactor. In one enbodi nent of the

i nvent i oneletthales daedl diteicon@ech gRe Substrdtd DANmAH af38 AdIh kinb AR abefsls ( VERLE)
reactor. In alternate enbodi nents of the invention a conventional reactive

iriggoet ChefhafiRyafife H3E Qetidéhrﬂ%sﬁ@@&lﬁé@?gfﬁgg% c&&ﬁcﬁ%&?fﬁ?ﬁ}e &ﬂ%,eé%q{i’%%)%?o 5 the

val process is anisotropic. In one I ment

CDO rgyovgl b S rises a plasma etch process. During the CDO renoval
process tﬁ’e s%ﬁ%gg%noéﬁg or device 220 is exposed to a plasma conprising a

havi noa PPRSCA phpRet T B0Rs Sepomietion o oibe O disisima lyerse ok mont
of the invention, the first gas has_a higher
photoresist layer 230 is patterned to define a trench that will be etched into the CDO
dielectric layer 225. In one embodiment bf the invention, the patterned trench in the
photoresist layer 230 has a width equal to the CD of the width of the trench. Ina positive
- 15 resist technique, the photoresist layer 230 is patterned using conventional
photolithographic techniques, such as masking the photoresist layer, exposing the masked. '+ - .
Iayef to light, and then developing the unexposed portiohs-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
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




pePeEatre “of . fl'uori ne-at-ons rel ati ve to—-other atons in the gas nol ecute:: :
In one 10 enbodi nent of the invention, ‘the first gas is CF4. [OOZQE/IlrpogOS
enbodi ment of the invention, the percentage of fluorine atons in the first
gas used to form the plasma in the CDO renpval process is higher than the
percentage of fluorine atons in the gas used to formthe plasma in the

pol yner deBdks plagna pasiees In ongpmbodimenbefdhe irtyeufions the refictotis aiMagetic on, CF4
is introduced in the reactor for the CDO 15 renoval process and C4F8 is

i nt r oducedEnhan¢ddeRqaetivd lon Btohiing (M{BRIEY reattor. HeMReiatd &Abodimess oS the-

[0021] : -1 n one enbodi ment of the invention,.the- first gas nmay conprise

atoms. ot RgventibhaRonvetiopM raftdive LMPLLINE maybeaddd t i@%g&%ﬁohﬁnéﬂt 0P Ehe.gaS ot her

gasses such as oxygen:or nitrogen, and argon nmay a e present 1n the

plasma. In ' l.nvention, the ratiqg of t first. gas to
argon to ?&&3@(3\1‘??2@?9@%&@3{% é:%gef-ds? %%l?qtrrog{c‘ Jaidne Fﬁltbfg’&%ﬁpﬁﬁﬂ?nﬂ? 20
argon, .to 10C]$?)r§art of oxygen. I n one enhodi nent _of the invention, the
ratio of tifeCPPigmovglnrogess tomprises h grogess o Dyring the GROrtemevad)r , t he
plasma is struck at RF power in the range of 1000-4000 Watts for a twelve
i nch waf eProcess the aeng ctaseviee 220 & dxposaditd eplasthecopprismgat finshgashwhitle
plasma is struck for the CDO renoval process is higher that the power at

whi ch t heingludssramadecsia eomprisirg dafteorpaidyfiteiting ap@ss ldvidy PARELED-of MahoR D
commercially viable frequency, e.g., 13.56 MHz, 27 MHz, m crowave

frequenci #smetie flusril Adkh31 1P6xk kbR QT HPYvORidS B £ LRSS ﬁ nkhe

pl asma. One having ordinary skill in the art wll appreciate t the

pl asma MBYe Qi ot GltoRthe %Hﬁrreltgﬁﬁﬁé)sotﬂé}ratoq{ipl rthﬁgfﬁgﬁ?élgig%égg gnfrai nt ai ned

erodi mrent of the 1 nvention, ressure 'w
bet n sewer e {0 undpe of mrqrr. 5 [00221 Figure 2B illustrates
a9 G%Odﬁh?ﬁw? elfgﬁlmo?hﬂw%%@éﬁ)  process is an anisotropic etch

the etching o renc
process rface of the trench 250 is etched at a faster

in the bottoms : ]
rate as ﬁ@ﬁ#jJB&nﬁFF'?RO%'ﬁ@%PEWPH@VE@ﬂO@aHBe Beraentogs offlugring gtomy iabhfizs0. Due
to the high power at which the reactor is operated, ions in the reactor
bormbar d t2adussgtp derms thefrdasanagih 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, CFy is introduced in the reactor for the CDO -
15 removal process and C4Fis introduced in the reactor for the polymer.deposition. process.
[0021]-In one embodiment of the invention, the first gas may comprise ._at‘oms.other than .
carbon and fluorine. -In addition to the first gas other gasses such as-oxygen-or nifrogen,: - -
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 1o 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 frequenéies etc.
8




t hel443epCh 250 atargreater rate than the side walls. ‘The presence of the 3

plasma in the 10 reactor together with the:ion- bonbardment causeslﬁbq;1/2005~
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
wal |'s of t®aypPessrdiozsperatedhe plssreet One haviag Chtnarg skilldh tipravtedbagpoeciate
fraction of the total etch tine during each cycle. Therefore, the
depl eti on that thaphematmaynbd steck kehovaddwerofor olteer WafdrispRg h R 58 &sbodifieri zed:
The depletion region 245 fornmed as a result of the CDO renoval process is
i 11 ustrat esf thdinvestidEe reBBEAVEIN el I i xposed
to the CDO renoval 6?%?%;§ﬁfor anyggggggﬁgéﬁhﬁﬁgk?gﬁg%¥§%%hagfﬁgtgach
cycle; as ] the depletion region 140 formed by the prior art
etch procéggﬁgggﬁfgﬂkég | A-1 C, the depletion region formed by the CDO

is substantially 20 smaller. In

removal. pr, S.. Illustrated i.n Fi gure 2B, )

parti col aﬂ?ﬁﬁ}‘%ﬁt#ﬁﬂ stitet the etghing-of teengh g6 @+ £he £DSMeamnyakpraeesslis an of t he
trench 245 is much snmaller as conpared with the prior art process. 100231
As i || ust BBIsedoRin eichgupeespEhergintthe bettem GDdreearfikatreqph@503setahsbatarfdstpr ocess
call ed the polyner deposition process is perforned in the reactor. In one

enbodi nmentatofs cdrhpared withtthoeichiag bEthetsive WM dfah®ralchPS0C ERe to tHchigh
concentration of the first gas that is used 25 in the CDO renoval process

|5 reducegoiver dihehiclemet8ictorifofife THANTRS feabor bBLAL R 3|
] PCT 16/ 11/2005 the first gas %ﬂth a nol eculeét ﬁgv{)}ﬁg a |rdst rglti‘?rlf"g:e(J)O?4

canbon t ogfldQrh By ' fE eactor ter reducing or
pupgi ng t he flﬁl‘ st ggié)#{?%ﬂrenlsrt e ?[gglgtsgér%%gugglgéer%esggge ?fs%ef’%’f?%d% din the
reactor. ln.on odinment. of the invention he second gas conprises a
nol ecul e 'feﬁ%t? ) 0§§ﬁq§r ‘é’étgglhedlofl&f’ﬁg e@i?%ﬁsg‘te oM SUFRcERT the treR@ned0 uch
that, the ratig of 5 carbon atonms to fluorine atons in the second gas

ol ecul e PECUEhed Al aereateriaterban the pige sralls c Bepanise thedranch 359 magrberetchat oms i n
the first gas nolecule. In one enbodi nent of the invention, if the

concent r dniiiplegiyclasewhéreinteaglasydlnetches o faationrofitee dpsired wendhiiepth e side .
concentration of the second gas in the reactor then CDO renobval occurs.

However , wdllstdfehe 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 thie CDO dielectric layer 225 is exposed to the -
g ) " 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 §vhich 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




* coORt@AtRCAt i'on of the first-'gas is |ess than the concentration of: the second -
gas then polyner 10 deposition occurs. [0024]- The polymer deposi §.i69'n.1.2h/2005

process deposits a |layer of polymer 255 in the trench 250 forned. by the

CDO renoval process. The pol yner deposition process conprises striking a

plasma in. the reactor with the second gas. In one enbodi nent of the:

i nvent i on ha&rst gaewWih@ rgelecule haviag g first satjcoefxBibonrto Gluerieeriodisieptrged fivhe

i nvention, the-percentage of carbon :atons in the second gas. used to form

t he pl asmehé reatfoe Aftdryeducinteqqsirging thepfil@CEBTrdns @Rk a bidRd eheis

percentage of carbon atons.in the first gas used to formthe plasma in the.

CDO r endV dhtrodiiced &Sthe rddoiby. Mo EnBRRALhI BT e BledilR {l{%\ég&;ﬂd%}s &{g%p%égsa IS
ce I'S

introduced in the reactor for the polyner deposition pro

i ntroduced, t TINE I val. 0 process. [0026] In
addition to ﬁ%@@g@%ﬁ? %é%%tlﬁgﬁ E%ﬁ%%@s’?“?ﬁ% ug%n%z%ca%]ﬁ, %@ﬁéﬁ%‘b‘? Fliofded to
form fthe asrr&). Inf@ne enbodi.ment of c{he invention, the ratio of the
second® ga§¥P8™ A10guo orne alogs n fhesegend gas meleaieiisgreaterdhamtheyalio phirt s of
argon. In one enbodi nent, of the invention, the ratio of the second gas to
argon is garben afomsdp dlueripaomsin thef fishgas nole@ild Uh20@snibodanitofithedur i ng t he -
pol ymer deposition process, no oxygen is used in the reactor. By not using
oxygen i ninvhation #ithe cordentratiml eftthofirsd facianhoraftopmdr et thangl 250 i s

m nimzed. [0027] In one enbodinment of the invention, the plasma that is
fornmed w édnctMeatoacdist @86nd g4t i tHuekeidt thBECPOYRIndhI SRQH : tts
for a 12-inch wafer. Thus, ags conpared 5 with the CDO r%v@”%ﬁeg’gggh\séat he
pover at MNcERrids oPHRSHTR: daS ; élﬁ‘v\ﬁ [ : deposi tion process is
redatively Low. The low p a§r1§fae% |Ig%%0ﬁgelﬁ%gc€§£ﬂlles§eooﬁ‘§rg§§§§npd’ Fases -
t he ilgn b&g‘ggﬁﬁggnt s(_I ess sputtering) resulting in a nore isotropic

deposition y contrer ci al | y viable frequency, e.g., 13.56 WVHz, 27 Mz,

m crowaviﬁé#‘ﬁqt}gnci es etc. hmy be used to generate the plasma. Due to the
low RF p ¢ Hie plymsRdergeition pracsss depopitve layer pEpalimies 323 bpthe tpmcb @568 and
a layer of polynmer 255 is deposited on the side walls as

. 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 C4Fs3.

15 {0025] In one embodiment of the invention, the percentage of carbon atoms inthe second = -~

- gas used to form the plasma in the polymer deposition process is greater-than the:
perceﬁtage 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 C4Fy is introduced in the reactor for
the polymer deposition process CF4 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 ratie of the second gas to argon is 1:10. In one embodiment of the

10




well44asP@n the bottom surface of ‘trench 250. “The-pol ymer that is deposited - - -
conpri ses fluorinated hydrocarbons; -and hydrocarbons-that_nay-belsqqg@p2005

| i nked to each other. [0028] In one enbodi nent of the invention, 1n 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 belnyvedioaaduing the palyges dhpasiting process, eowixgge is nsal i2Qhditeghier. Banod of
carbon atons .to fluorine atons nay .be used. Thus, by controlling, the - .
amount of ysilgyoxrypemliznhe idaetbr tite ddpletiurdf @8@o@ Frot e eBELIS0 & REnRhR bi as of
the trench may be controlled. In one enbodi nent of the invention, the

8] ( ONe S ' © nn. Thus. |
pressure Ve Mn RS emBadhitht bBthe @?}w‘eﬁﬁgﬁ,Qﬁésj%lgﬁﬁéf‘ﬁlﬁplts]fggnfgpw?lﬁﬁ@ﬁeqecon%%§r : 2

one enbodi nent of the invention the pressure nalntarne e rea
hi gher durj I rde hi i cess .__conpar w th the

r enoval prl%gclg‘lsds(%l}ﬁg)g%g?{%Jrcpﬁﬁgé'ﬂgﬁg/wssgﬁoﬁﬁﬁcgh"' f?ro?g%@ F§copmaree; r st
cycle ihe t.re&c%ﬁo having a polymer lining wwth a_depth of xz is forned,
where X1 Vifhthe Femqyal proeess the ppwer at pduhrthe plasima isstinck inthetnedymerench is -
substantially the sanme as the CD of the width of the trench illustrated in
Fi gure 2AdepgsitpngaacesaOf relativdy 1aw2 006 10 p@@3r 4t whichothe reastoetichpeated ench in
the CDO dielectric |ayer 225, each cycle conprising the CDO renoval

process adebrédses theligmombtegosit (18 sPitREBEFreREin® R 4 RRAAEECPTH UbpditRnt | TES
until the desired trench depth is achieved. In one enbodi ment of the

i nvent i onAny bostetdidly ilble! & 1@’97610@&3 the
CDO di el ectjr[i?: I a'aycg,'i?1 y225 f(ﬁa‘ﬁee%glgr’éggg tre’nztr:h ebltnﬁé,%t ?E‘Sﬁeﬁg‘gg ‘

depositio ve i n _ope nbodi nent. of the
ndent i onc o Bl paittar@ Miheohl Bl (Y RIERE Aolreb 1R elegclenag ot
perfqgrymed to ensur.e cross sectiqnal uniformty_of the sidewalls of the
brendh f PP Mg RUCPI O8RS <1 Of Ral¥TF £k SePyiod op the Hde wals as
iIIustrate% a second cycle of a process used to etch a trench in a

di el ect r i¥¥ell axPn the bpttesp surfacewidtimeh 26@r Thenelzmenthebisdiepesited comprissshodi nent

of the invention. In the
- 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 controllingthe - -
) +-amount of polymer deposited on the surface of the ‘trench, the etch bias of the trench may- - -
be controlled. Tn 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, 1s 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.

i1




pr ®#¢¢8$P¢T t-ustrated in Figure 3, the desired trench depth is reached after: -
the CDO renoval - process 225 of the second cycle. The second-cyclfsyqjgpzoos
etch a second portion of the trench. In particular, the second cycle
i ncreases the trench depth by x2 , such that the desired depth x = x, +
X2, while substantially maintaining the CD of the width of the |5 trench.
Duri ng t hel082 lnedardp eishadeansh of the KD Q didendriciagbie2?2 5t bachpytlereempisak tHes
deposited on the bottom of the trench 250 during the polynmer deposition
process ofCDBeembvalipraness and the pelymies depobitfon}boid®may BB 9§ ichRH nAiliblaGinmidsde
wal I's of the trench 'during the polyner depositi.on process of the first
cycl e protggt thetdegrsl tsion! : r : bl gw o during
the CDO renoval process OFE ﬁggﬁggﬁﬁﬂ-?5@@%5§@ﬁﬁéﬁﬁhgﬁ%%ﬁvﬁ%ﬁwa§8w8pgthe
i nventi on W trench depth js ached,. the sem conduct or
dovi ce 2od P plen e G0 T80l BRER s S Db Gelbtetaser dot bo Pespuetl 1 o
Figure§4 I n.one enpbodinent . of the invention, the trench 250 may be

t

subj ec? t GFePHdepth Phrpolymendsnosigian proseassmay nefi tecwrfogned eHomeyarcimmnal
process in order to maintain a uniformtrench cross section after the wet
cl ean pr og@bediment gfithg npgion, gluting #@sst cfy0le Rielpdfigar depbsitibh peiceaiBsy e

sem conduct or device after the renoval of the photoresist |ayer and the

pol yner f paforired té eesuchcrascserdom uhifoiisy @MBOSHERAls Hthd ﬁ'éhdh%ﬁanghe AS
illustrated in Figure 4, after etching the trench 250 to the desir dept h,
the sem cambgstie wet@fanGRoed | S subjected to conventional post etch ashing
and wet cleaning using a solvent 5 e.g., a fluoride ion containing solvent

sugh as ; ' to_rennve he | ymer. fromthe trench
Surk ace, Tauatleute UL Gl Uiclo? R Sisgt KPR Hoich ingehelereiant ng
process, of .the width.of trench is substantially unchanged. [0032]
Thus 105 JbitR s s GichBietndesi<G aetriBe temt FBPYmY: plhd insmtmaindhe CDO
films. Wile there &as been illustrated and described what are presently
consi der &40 Hustge Rasodsisivedhtrenabfdeptheis prasheshaftéribeGDiCoremdval wi | |

be understood by those skilled in 15
process 225 of the second eycle. 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,, Whilc substantially maintaining the CD of the width of the
15 trench. During the CDO removal prbéeés of the second cycle, the pO'IYiner that was

depésited on the bottom of the trench 250 during the pdlyiner depoéiti‘ori 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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t helsstPQihat - -var ious- ot her nodi ficati ons may be made, -and equi val ents: nay: S
be substituted, -wthout departing fromthe true scope of the I nveglilan/op05:
Addi tionally, many nodifications nay be nade to adapt a particul ar
situation to the teachings of the present invention w thout departing from
the central inventive_concept described herein:. Therefore, it, is

i nt ended t 19931k Kigupe 4 dlustraten ¢ semicondusear dewick jafte the removahef thephpondsist

enbodi nents di scl osed, but that the invention include all enbodi nents
falling wileydrand e mdymper fodm thetraphancedinglteond embadihed: NENe BRcmidd Abat is
clainmed is: 1. A nethod conprising: performng a carbon doped oxi de (CDO

removal prile@sged i igrOPUMSL SRYHo (RS aemsoqgmaésir@@ dé i ,;tgg;@%iegn&cprf st

gas to forma trench in a COO | ayer; and performng a eposition

process, i : it . S, conpri si i nt r.oducin second
e o deeuid B0 WGBS bork AR BB 1choRin e g el3hriSE iSne Y iR ot
claiml wherei tt}@.fi rst .ﬁas cg{n;gl)ri Sﬁgsa first nolecule having a first
rati o of &E&rBorioEIY tRaRg sPivantiughes Nanethyherweelisione M) dopameses a
second nol ecuyle having a second. ratio of carbon atons to fluorine atons,
such t hat thaRolymerddiem thedrensh shrfaces beshtoaemone the phiotavesistdayat 23% Afentheat er
than the first ratio of carbon atons to fluorine atons. 3. The nethod of
claim| wwetdeaminhprobesssthe g3 ofths vadthi fitenciprsabstuagdlyeinchidnged.i ne  at ons
than the second gas. 4. The nethod of claim 1, wherein the first gas is

CF4, and [00825TheN)d ngMod s GéaiBdisciBsedHOL ot ML eféhadiégcﬂf,c%?fhg{ n the COO

renoval process and the polyner deposition process are perforned in a

3o EREAT S SR o R O ©

convapt i O%npﬁeeé}ﬁﬁédﬁ%eliltg f 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. particﬁlar situation to the teachings of the present invention |
without departing from the central inventive concept described herein:. Theréfore-,,it-. is

15 intended that the present invention not be limited to the particular embodiments disclosed,

but that thg jnvention inclpdg al_i.;mbodiments_ falling within the scope:of the _appended -

claims.,
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.. etching reactor. 7. The methad of claim 1 wherein the first, gasrf\?érﬁ & 2005
plasma at a radio frequency (RF) power of between 1000. and 4000 @it @ fzﬁﬂ
a. 12 Inch wafer. 8. The method of claiml wherein a plasma is struck at a
power for the COO removal process that 4, higher than the power at which
the plasma is struck for the polyner deposition process. 9. The nethod of
cl.ai m 8 Whkatdisrclaimedplsasma f ormed during the polynmer deposition process
does not contain oxygen. 10. The nmethod of claim8 wherein the plasma is
struck att.a radethodr exuemsing( RF) power of between 500 and 1000 Watts for a
12 inch wafer. 11. The nethod of claim | wherein the polynmer conprises at

| east on@edforminigudcarfmnedio freddexida( 8003 ramdvilyshooesy, bxiié CDIR. rebeanpiogeds of
claim 1l eh@pdisingtingoC0dngentivadlgapriodess aitseraxhi inod COW ayer;1ldhd The net hod of
claiml wherein the polyner deposition process is isotropic. 14. A nethod
for fornPAgoEmingenenlyimeralepasition mtope, sridlpoly@BOKedbsities tproce sk ago@iprising
conpri si fYrodusing ageaond gdow dapesiph@otymesiistthe dyench «fahel Giitbtayeesi st | ayer
deposited on_top of a COO layer; 1.6 ND 2f5 15 performng a carbon doped
oxi de (CBO) Teedathopodeciain, 1 whiedeiCHe fizsiogad cpmpdess a fostrpivi iuighaving a

i nt rodu‘cflfﬁfj ratipiafpar atemai te dyotine atems,oxnd the sequoid gas ¢dnepr@E® 4 ayesnd and
per f or mi MglegupbIngHing deprrandi tatipoboaston sédrs tol fluenna epass,t sooh phatcers
conpr i si #RFONdrakie Al cianeom atpsesotedf yering atomiseisr graatesrthan thke fiostiratia of@lytnar i n
t he trendRmsttotfiuorimaatomsyer, wherein the first gas conprises a first

mol ecul e_having a first ratio of carbon atons to fluorine atons, and the
second ghas cbifpriedeed af saémnld wherede the finsfvgasghas askigbemdperatntagefoffhrdvine
atoms t APM§SPRmEh@EeneNd §a®h that the second ratio of carbon atons to

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

6. The method of claim § wherein the reactor comprises any one of a Magnetic
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 (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 forméd during the polymer
deposition 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.

12. The method of claim 1 wherein the CDO removal pr'ocess is anisotropic.
13. The method of claim 1 wherein the polymer deposition process is isotropic.

14. A method for forming a trench in a carbon dopéd oxide (CDO) dielectric layer
comprising:

forming a window in a photoresist layer, said photoresist layer deposited on top of a
CDO layer;




“atgns 15: The nethod of claim 14 wherein the first gas has 4 Grie@¥ et005 -
- percentage of fluorine atoms per nolecule than the second gas. 16. The
"nethod of claim14 wherein the second gas has a greater percentage of
carbon atons per nol ecule than the fi rst.gas. 17. The method of claim 14
wherein the first gas forns a plasma in The reactor. 18. The nethod of
claim 17 wherein the plasma is formed in any one of a Magnetic Enhanced
React i ve pedormingha egri{ovER f)d 6:88€Y(0D0ANMdmdvaPPMRBES, 08l OTRRGEMYRall MBcess
et chi ng cemptising ib@rodltiag etikogasiin alrabbtol fo b6H aitfedchan RhASDD Iayebtdirk at
a radio frequency (RF) power of between 1000 and 4000 Watts for "a 12 inch
vaf er. 2Perfdimeinget holymet depasitiod prudeaiseishid pelymer @ofoiasn bRioEEs RoRlpRaiRy | N
t he reacindroducip. a eeombyhoth tfe agion tdtieprertad polyher M & BeAOLS! B CDO
contai n bwyygewhe22n tAddirseydodomprisénianid® mélecde mavivy BlasnPatics oslchkfdn at
a radi o &togguenfyofiRE)atomenend dfie lBetovregadAmanided Q00 dbAUL Molkdiiledhddng RCh
waf er. 28zcomideratiot dlocarbbn ctamsntd 41vohies edtomsheupiolthtehe GeEbid $&50 at cheml
one of d&tomsr tmdluedinkyatoasaisbgreatem thany thodasbestio o24arddie atgidagl foforfleal m
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. 17. The method of claim 14 wherein the first gas forms a plasma in the reactor.

18. The method of claim 17 wherein the plasma is formed in any one of a Magnetic
Enhanced Reactive lon 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)
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.

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:
providing a substrate;
depositing a carbon doped oxide (CDO) layer on the substrate;
depositing a photoresist layer above the CDO layer;

patterning said photoresist layer;

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




reducing the concentration of the first gas in the reactor; and gelfyr pigag
a pol yrer deposition process, said polyner deposition process conprising
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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
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 piasma is struck at a radio frequency (RF)

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






