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 sutmperogestiucmeeswsuch fs wénchet anengds.i s 1,u m 1

[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



' P1l443BPETi 16/ 11/ 2005 (patterned af ter- photolithography) and if the process
"used to manufacture the trench etches a 1.30 in trench, then"thégrocessoos

is said to have an etch bias of +0.3 m Having a poor etch bias Is

undesirable as the CD of the conponent may not be maintained, resulting in

a possible degradation and/or failure of the sem conductor device. 5

[00041 Fi glpesmedatier photqldkegsarhya apd ifdhe protesp usztesnamsabttre thet ednch etchesich

in a dielectric layer of a sem conductor device. One having ordinary skil

in the artaWi30p mppndEs itRhahé fRkessGOSRO AR aﬁeﬂ:hbiésrcﬁw.‘??m%nﬁa d,hg% ggy be
used in dual damascene integration of copper interconnects, an g
dielectric .insul-ates the copper interconnect |ines, vias, contacts,
etc. As ilﬁtéfgylgéfse%%ﬁm%% rtEe P§ gﬁﬁgswmaw@baom@@mm, KowWpng des a
carbon 10 do g@ oxide (CDO) dielectric layer 110. The CDO diel ectric |ayer
110 is a d%?ﬁs flgeradatiqn and/qn frile oS thesemironghondeaysicst | ayer . 120 after the
portion of the photoresist layer that.is exposed to light is renpbved. One
havi ng3or df0d] Figuares [T Ai-hC tilhastratet a pviidrl arigpeess ugidao thvata ©QFRNH 8 dRfcgi2, C,
and H, and may be deposited by any one of a variety of nmethods (e.g.,

cheni cal \apeof depgisoidueivr doyics PORB LGNS BRI & if - A
photoresi st |layer 120 .is deposited onétopl)lg%ast he1 %rggv%l?%@;r%%@té‘gha 10.

The phot ogggpsdentsA/ ! nbithefad RIOWad B0 u?@??{?@t(ﬁe qu“%ﬁgeé% éﬁt%g,?ahg}l (éﬁ%({]pg,legg gI

the width of the trench. In a positive
| ayer 120.j ed to Light.and devel oped in a,devel oping solution to
renove. t IJééﬂf)or ?%hagndo © g C%hc(ajl%?éﬁ@?teqp '% &PPReR Htergpanesk HagseMiag.o | i ght .
Theyefore, Figure the sem conductor device 100 to a plasma conprising a
C‘ag;oo n fl fﬂﬂt?c?r*e elga i iugjrate gurecbiea segricapEnytor deiere HOGeomprisen gearbomnd
argon in a reactor. The plasma is struck at radio frequency (RF) power in
t he ri#ngedaped oBbis (CBED digeqtsic lapke 1 ). aBaCBOdiclpeteic éser il $0 Bepadmpornd esi st
techni ques may al so be used to etch conponents e.g., trenches, vias etc.
[ 00051 i agenpeising Si0b, (G tand tH st neaystendoposichd by Qiny GaY of 8 vy hiiihddd @e. 2O
dielectric |ayer
.chemical vapor 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




~ha®leErCTsubj ected to a plasma etch -process. The plasma etch process
conprises exposing 2 Pl 4431 PCT 16/11/2005 ani sotropic ‘and a t-renci16;:§_?3_}§005

formed after the sem conductor device 100 is subjected to the plasha I'n

the reactor for a predetermned tine period. Due to the reaction of the

pl asma, and.in particular the oxygen in the plasma with the organic carbon

cont ai ni nPEEePEandiadreack 135 i fomeedafitatld demiaindutter devdexc L3 Sybjocsd s

e.g., carbon dioxide and carbon nonoxide are released. The depl etion of

or gani ¢ cahbplasmait theneavtprpes pedetermintd Hime peiis@WBut fo OF réREoLDRMRI el ectric

| ayer 110 results in a depletion region 140. The depletion region 140 is

silica li sead anBinGRstkd ! ; f i j At al ol nts that
are used e s e bR e S R A R
sem condu : i : t t cl.ean process. ‘As 10 ..llustrated in
Froure | chss L GE 1h. AUkl oII ncBads bR erenfionts st stbrhy er
120. %n addi tion, the t clfa%rogess rempves the depletion region 140
and calse@PRER R 15leazad-  The deplehion of sregaicicarhgacoptgiing speciepiiom thie t r ench
(CDO blow out). Having a trench wdth [arger than the CD of the trench is
undesi r abpidewilfs qfifhe @%@ dielestriqlaygrdi 0 resolts ; 4 ddpiletiom reploadé0.afite deletienoved
by the wet clean process, the dielectric constant k' of the depletion 15
regi on i sragimrfsesdlicd liks andisreesibestiippedity ilicelde Gér dniAAME refdentsBatlats i N
the dielectric layer being |l ess effective as an insulating material, and

resul ts iwsedddfifg fhiRbl@ cfaBapbdckye cross- tal k between adjacent copper
| i nes. BRI EF DESCRI PTI ON THE DRAW NGS [ 0007] One or nore enbodi nents of

tézg pr esqmboﬂg@g}ép@iﬁtg?&@s@%éaﬁa&m G%Ez%gilggg%t%{)%tﬁ?%ﬁ&%%b b 0{) r

npl e and y way o Imtationin

i mplyisCi t. | ar.it fdllustration, elements illustrated in the-figures
oror e BBl intiblet 160 e a5t R el o i remoyas dbasp RUoTEFIBay Tl 200 e

el ements nmay he exaggerated relative to other elenents for clarity.
Furt her, Wéﬁhéloﬁ ¢ PEEFletn RSP pEates the dandstiongegion 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 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




3 PG#@lﬁQDOS t- nunerals have been repeated anong the frgures to |nd|cate

: -correspondr ng or anal ogous el enents. [00081 Figures 1A-C il |l ust rfB?’lal/ZOOS
prior art process used to etch a trench in a dielectric |ayer

sem conductor device;' 5 [0009] Figures 2A-Cillustrate one cycle of a
process used to etch a trench in a dielectric |ayer of a sem conductor

devi ce accBHREIAY beve besa repastadiamong the fighees tnindivateaorrefoadh): ofiagalogou3
illustrates a second cycle of a process used to etch a trench in a

di el ectri celethayter of a sem conduct or device according to one enbodi nent of
the invention; [0011] Figure 4 illustrates a sem conductor device after the
renoval of the photoresist 10 |layer and the polynmer fromthe trench
according to one enbodi nent of the invention. DETAILED DESCRI PTI ON [ 00121
Descr i bed (0808} Figiohe d AL Crillanntd bt flobdtshsapiotclGAEORN ifl QORG ML A5cpased
dielectric films. In the follomnng descri ption, numerous specl arls
such as spegisthfcondBtié! ded! ; reactor pressure, reactor power, etc. are set
forth in order to provrde a’ t hor ough understanding of the one or nore
enbodr nventi o It wil apparent, however, to one
of or na:[y slﬁ Egh‘gqiwater% cﬁf Odﬂé’r?ﬁessn’ﬂﬁeé e FiEB aitieheh 1 adicleetiie
present i nventjon may be practiced without these specific details. In other
i nst ances, ay?’f)o‘{ﬁe?el'mk?ﬂﬁﬂﬁmﬁﬂ?‘é?? Ficerding trequiscabadiment e thelimesntidescri bed to
avoi d unnecessarrly obscuring this description. Those of ordinary skill in
the art, [004A] Figwre Bdllutiatts descomidnyiclernf a pabédss beedabehtadrdnoR ieagitectric
appropri ate functionality w thout undue experinentation. 16/11/2005 [0013]

Refier encelyérofalremsqediétocddvi@hctordim® @eRabolRR: of thatnkahegdi ment ", "an
ex npl e enbodi ment”, etc., indicate that the enbodi nent described rray

i ncl ude 0011] Figure 4 1Ilustrates a semiconductor device after the removal of the photoresist

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

- DETAILED DESCRIPTION :

[0012] Descnbed isa method for controlhng etch blas of carbon doped ox1de based

15 | dielectric ﬁlms In the followmg descnptlon numerous specific details such as specific
matenals, reactor pressure,rreactor power, etc. are set forth in order to provide a thorough
under.s'tanding-o'f the one or more embodiments of the present invention. It will be
apparent, hovrever, to one of ordinary skill in the art that the one or more embodiments of
the present invention rnay 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.




parRl#48uPEF feature, structure, or ‘characteristie; but every embodi ment may - -

not - necessarily~include the particular feature, structure, or 16/11/2005
characteristic. Mreover, such phrases are not 5 necessarily referring to
t he sane errbodi ment. Further, when a particular feature, structure, or

characteri g k; descrjbed in connection with an enbodinent, it is

subni tt ed qo,; } Referenceyincthe ppeciisatipnid ‘cagemodiment’d famendbodiment€kidd i n t he
art to effect such feature, structure, or characteristic in connection

Wi th ot herexampdelembodimentieetne indiratenthtit thi phibotinhent dekefibéd Meglinchlle:0014] Each
cycle of the nethod used for controlling etch bias of carbon doped oxide

based di el getiilar fehtfd; sEQUTReE] Sr@hatapRriBAO TR eﬁbt‘)ég%ht REP ﬁ&%?eceﬁhhf;}ﬁ the

CDO renoval process (illustrated in Figure 2 a second proces

cal | ed thqnaghé/ﬁﬁr AR il r lustrated in Fi During
the CDO renoval process, tl@Qrs calgg’%?s?ﬁl‘{i}]g%gns% are\%"?hs‘ﬁﬁﬁﬁ“}sﬁ TESCt power
to remgve n%ch f rlomﬁehe bot om of trench. one 15 enbodi nent of the

i nvent  on, " tHa ty g ¢ gL Fits hﬁﬂ’ﬁr MR @ prgickr fsgten and
fluorine atons having a flrst ratio of carbon atonms to fluorine atons.

During t héXBErSFreF chisgssaistie dirdospidessis coanestionndthpasenitwdimen, iafsombmittéd

| oner reactor power to deposit a carbon polynmer on the sidewalls of the
trench. | thabids shthiithednowlstige boriernfamdinary, skilhin the ea eneff@asudibRamrdiol ecul e
conprising a second ratio of carbon atons to fluorine atons, 20 such that

the rati ostedctwer dochasdctuitié th donHedtionevith 6iker &MbddiBese Qﬂfeﬁ:eﬂaﬁn ﬁﬁéth?
greater than the ratio of carbon atons to fluorine atons Int I rst gas

nohecul e. gdBAb&Rr bon  pol yner deposited during the pol ymer dep05|t|on
pr cess protects the sidewalls and prevents a positive etch bias during

tSlrjgftc | sltﬂptf{')][C ‘?L‘%%Vﬁl e '[n%ﬁluggﬁ f%r(ggnt{ﬁgng P‘éﬁéﬁslogggtbg%gap%g | ;gel n
25 mini M hse 1ePect(?nc 191'"1'113 compI;JéésA't%N]pr%ce]égésl%/ﬁ%sot%%c:égs 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 prt)cess, 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 contprising 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.




© [0@1%BIRGEen forning a seni conductor .device, circuits often need to be
~formed to electrically connect one-device to another “deviee. OneilgetimAd2005
for formng an electrical connection is to formtrenches or openings in
the substrate overlying, underlying, adjoining, etc. the devices which are
to be conn@ﬁ gF. These popenings are then filled with 5 a conductive
material (¥. 3 RS 118 & SPRcondusinn devies, sirpratfiadien need orke fompeditonent  of
the invention, the trenches are formed in a nulti |ayer structure
conpri si ngelectdedly apna¢as one devitatpemothcn devicer sOhamethot fier foapimgran dlevesdal gr own
above a substrate with a photo resist |ayer deposited above the CDO
di el ectri cconayaion iwefoha ticnches od bpéiigsikithd subBtritb 8vatyinyMunter] RP! €CI at e
that other structures and materials may be used to forma sem conduct or
device 1QidjdiRing CRRE §85cR v Seqd BE LoddecleY %ese[ogygﬁ]gés EeQHe eﬁ‘lczdb‘ Wil

I f Fenche=t i a dl erect e

illustrate one cycle of a process used to etch a't

| ayer of j L device cerdi ng t.o one epbodi nent of t.he

i nvent ?on?‘l%ﬁ%%ﬁ’g%,%&?%ée'%'rﬁﬁ)ga?rig%fo%a ‘%ngﬂ?té‘? I‘E%H‘gﬁ‘: dogs F‘Hgo‘ilf”@m g a
“trench, one skilled_ in t&f art _will appreciate that the process

i 11 ust r at &3P inyeriog, the frepghes arg fpmpd in,a awlt lnyet $Richmg coppisings GROti pl e
cycles may_be used to etch a trench in the CDO dielectric |ayer 225. For
exanpl e, [dfeleptriq laperthet ingulates the ¢appdeknasy grownoabose b wabstpte with & phaogesisthe
first cycle may etch atrench of depth x,, and a second cycle may etch a
depth of kger depositedtdbave the=CRO dielx@ric ldyei. ©n@haviNg aldiRire skillin BRQrIREEr i al .
Al t hough the enbodi nent of Figures 2A-2C represent one cycle of the

et ohi Ng  paspEesiste IABHAAYIRGuros S i ! ki I1@8:8. t hat
2“692ne errb]gjdii ment of the invei%?ﬁ?ﬁépﬁigﬂﬁ%yn%ﬁ*gfo g{/ntgl%\gs%ge ?@?g?@ ° t he

trency deﬂ‘ﬁf‘&ﬁng;%lﬁes&@)é Hje%ﬂ_gcs%ﬂaj the CDO dielectric layer-225. [00171

Figure 2A 1l lustrates a sem conducfor device 220 conprising a CDO

di el ectri er 2 dielectric |ayer 225 conprises CDO (e.qg.,
conpound @%%ﬁ( Pﬁeﬁzzs‘%‘r‘zggﬁu Al %C?ef hHeEge uéiiﬁ@ﬁ‘g‘tae“ .n@dhielegliic | e
inthe art will appreciate that CDOs 6 P14431PCT 16/11/2005

: layer of a semiconductor device according to one embodiment of the invention. Although,.

Q

the embodiment of Figu.reS 2A-2C describe etching a trench, one skilled in the a:rt 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




fﬁayﬂ#ﬁéPﬁﬂe porous films and organo silicate giasses e.qg., BIéCkaianDnd'
~manuf actured - by Applied Material (r) Technol ogies Inc. of Santa AMB/11/2005

California, or Nanoglass E manufactured by Honeywell (r) Inc. of Mrris
Townshi p New Jersey. In one enbodi nent of the invention, the value of the
di el ectric cons t k' of the CDO dielectric layer 225 is 5 | ess than 4.
Subst r at e 28 nedeperons filnisand osgang sHispigiodassesteesy, Park Pieraond memifactted
circuit. Substrate 205 nmay include, for exanple, active and passive devices
that are BoApplitddviaterigl® Tedmolmferine wtiSania Amaaisifeint or Nas@ESdsTOr S,
resistors, diffused junctions, gate electrodes, |ocal interconnects, etc.

Substrat e mermfacyred bg MldnBSWIl® Thel DFMGNE ToWRbIRH NakeJ. er%?at Intrkd %h‘ﬂ)%ﬁin?éﬁ? h
active and passive devices froma conductive |ayer or Fayers that are 10

formed on [ - eS| y 2 LS,. deposi t ed top
of the @gfgl%e?lg%r%drbﬁé eé’gg%q’]zf 2@? Bﬁéé:%(gﬁdcl)lté %Pieg}i §f%§;’é¢ dfgﬁ%l ia}%’ﬁ’f %%?‘ﬁed to
defineca t h t, wll,.be etched into the dielectric |layer 225. In
one ems)odilén%g ﬁand'-#. k?%éw?tﬁ\?g thf‘%’n]?e afqyesu%[a?e[, g?@‘?é‘%%) PheR makmgandntegisador esi st

| ayer 230 has_a_wi dth equal to the CD of the width of the trench. Ina

posi tive fHCWEsPUstipte 29 meaeinclude, fonetammieiastivd anderassisodévicasabatarmed usi ng
conventional 20 photolithographic techniques, such as masking the

phot or esi $ermiedyara siliconprafengichhe trapsited, cdpayiets, resistoghdiffusadljubbions, gate

devel opi ng t he unexposed portions in a devel oping solution to renove the

portions electrdtesdbadl Gitegohitect Q¥R SubStat@2eS RAPAREImdRdd nSllhtidLmhRfiglsW ndow
240 in the photoresist layer. Figure 2A illustrates the photoresist |ayer

230, aft efhat HPaRRY dikRActie dda e TeY ' o light is

r"egoved. meﬂﬁavi ng or(c:ii r?ar y%ggéliﬁ% %‘ﬁ&![s?emﬁ g¥@{dvl\]n£ F?élg %ﬁ%ﬁé?ﬁcﬁgg}aﬁgg

negatjqve L clHy. gues may al so be used to etch conponents e.g.,

trenc dés,fo\?l?lg(gs%ko?&ﬁ 019] After form ng w ndow 240, the sem conductor

devi ce 2 i |l aced in.ar fo e.q9., a plasma reactor (etcher). In one

enbodi rerBUH! RRBORishiens Y tselepeicd sb toh bsbe Shyd dreiesticlay ighs. e

removi ng the photoresist |layer that is exposed to light is perforned 7
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




16P1MEPEO5 “i'nN t he pl asnma reactor. | n oneenbodi ment of the invention, ~the
reactor is a Magnetic Enhanced Reactive |on Etching (MERLE) reacigyi1/2005
al ternate enbodi ments of the invention a conventional reactive ion etcher
may be used. In one enbodi nent of the invention, the CDO renoval process

is anisotropjc. In one enbodinent of the invention, 5 the CDO renoval

process cdhph Blasmaresrigsndn ene pmbedivwstof the frivegtior él’lF.OB@tOIamaMdlgnepc ocess

t he sem conduct or device 220 is exposed to a plasma conprising a first gas
whi ch i ndinhdeeedR qaotiecloneCtcling (MERIE) racbaNnatriddanbaBmei@ 0B tavi ng a
first ratio of carbon atons to fluorine atons. In one enbodi nent of the

i nvent i on,intdi€ioh alcbhva@didnNdeachivl E&h&&her?xﬁfy%’ﬂls@@ehpén én%ﬁhf&t%’f?{és ¢ the
0

relative to other atons in the gas nol ecule n one 10 di men

0 h
the. per contsonob o FOAFRmkdvaf oot i fitordicc 1R e ponn Ot th fvepfitipl nma

in the CD?l val rocess IS hl%ger t han the percentage of fluorine atons
9

in the ego ?)lrﬂlf??qﬁéc?ip% aplasRestelp HFoproress. Gupasiths GROpeBewss.
Thus, in one enbodi nent of the invention, CF4 is introduced in the reactor
for the CDXOCESS the praispndyctnr dswica 330 G4posed b niplasthacehyirisinghcfinstgastvarick or
the polyner i deposition. process. . [0021]:-1n one enbodi nent of the
i nvent i onincludes & mad¢cutrasnmmisingempbirsmdahibe aRipeiaviddefirst faokFoadod
fluorine. In addition to the first gas other gasses such as oxygen or

ni trogen, atom8 @ ALGAHE 4TBis AL O ENBIRHEM ot HDEntRINAHTHrst d2s 826, fFRGdI ment
of the invention, the ratio of the first gas to argon to oxygen-s 10-20

pants of rgqo 10- 20 parts of
oxygen. IIsnelﬁgerllﬁe;dg%?Eggiaﬁn%%%t%g%qg%é@?%o\eﬁﬁ%r?%%s %’&}elg gs[riﬂglegﬁlet ﬁ'éo?‘? rst gas to

argon,to :10:1..1n,t reactqr, the plasma is struck at RF power

in tﬁe r%ﬂ%og%g?mfg 1&688‘%@???%&“&‘%@ ve inch wafer. In one enbodi nent

of the i @ﬁblon ower at which the plasma is struck for the CDO

r enoval m‘ §ePﬁ enf phthepventign,ibe percenipgecof flueaing latosweeinithe Btst uck for
t he pol yner depositi on process. Any 25 commercially viable frequency, e.g.,

13. 56 - MHZas psedypifornpihernissmdinitheGihwiesakprocess 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




ordinary skill in the art -will appreciate :that-the plasma my bey gt/ruckodlos-
ot her powers for other wafer sizes. In one enbodinent of the invention,
the pressure within the reactor is maintained between several tens to
hundreds of mJorr. 5 [00221 Figure 2B illustrates the etching of trench
250. The OB@Y pewpirbio gsperatedhe plasmm Onmhaving oplivarg skill ip tieceseiliMppredistet he
bottom surface of the trench 250 is etched at a faster rate as conpared
with the ethettheglasfatiingy lsd shecival dtBergfovidaefdrlotitg iad Qize®U en b sfBodtinaht

power at which the reactor is operated, ions in the reactor bonbard the

bot t om surdfak@inventid) eid frERGR: viain Ae RaQbERHink A bEARR %@% A tdg el |'s.
The presence of the plasma in the 10 reactor together Wt R The 16N

baonbar dne t bottom surface of the trench 250 to be etched at a
greater rg%uggft%lﬁigﬁ? TI(;fl"laréi de wal |l s. Because the trench 250 may be etched in
mul tiple S,. Wherein each cycle etches a fraction of the desired trench
dept h, -t hgx@ﬁ }‘gkﬂéﬁ ﬁ llﬁlﬁﬂ?tﬁ%ﬂ?ﬁm olftengh 2544, Bhe £PQ wmavel mpEssénav al
process for_a fraction of the total etch tine during each cycle.

Ther ef or e 2nispiEoRie gichibrenesovhergingba boitarmstitiacesifdke erdhL50fs éthiedlA atfastach 250
Is mnimzed: The depletion region 245 forned as a result of the CDO
renoval patosessmpaed Withshe ettlbdg bfitheisitlerealRibf tReganhe sthevePnd ighigct ri c

| ayer 225 is exposed to the CDO renoval process for a fraction of the

! _ e | ! | °
total etcpowerm vaaehtheYSdctr ifSpERaDALLinWhd feakﬂa?})o%_ﬁaillhgﬁé Bl Pl b

formed by the prior art etch process of Figures depletion

regi on fopped byt E'C%}Qa V. - | Idyustrated in Fgure 2B, is
s’u%st antially 20 srrgtl r .t(?ﬂefn‘ripepigl%i? %%ﬁ%fﬁalﬁﬁefh%é)ﬁ?ﬁnf%ovﬁ?8 ARG i s
depl d framith I d |1s of th trench 245 is nmuch snmal |l er as_conpared
w th the PG todfrS b Bl o Do afimest Fibgs e dobim Siisesahibe Fencuaside ¢ h
CDO r enoval g}rocess a second process called the pol ymer deposition process
i s perf or¥fetdiched At persateraats than the side vl o Biepaitse thsfirench @59 magrbeietehedan t er t he
CDO renoval process, the concentration of the first gas that is used 25 in
the CDO rienlipl cyslescebercinsacle dysdediches « fiactivpadttler desirad traschatdpdditieside of t he
i nvention, ' :

walls of the trench 250 are subject to the CDO removal process for a fraction of the total . -

P M481PECT 16/ 11/-2005 may- be used to generate*t:he pl asma. One havi ng

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




19 PI4ABYACT 16/ 11/ 2005 the firtst gas with a nolecul e having a first rati-o- :
- of carbon to fluorine atons is purged from -the reactor. After re@ggkng/ghos
purging the first gas fromthe reactor, a second gas is introduced in the
reactor. In one enbodi nent of the invention, the second gas conprises a

nmol ecul e that, has a_second ratio of carbon atons to fluorine atons, such
that, the thafirs gas whaanelsenlahanre & firstirafiy ofrrerbandodlupring tensés porged)fom

nol ecule is greater than the ratio of carbon atons to fluorine atons in

the first thasantor.etfidracdicingorgueging dienfist pffrdnithe reattNh k@dndighs tshe
concentration of the first gas in the reactor is greater than the

tr atij d ' leoRBHMS:
concent r atihsiebd e $@eRRd D6% érﬁbéd?ﬁeﬁﬁﬁ‘iﬁ@fnv&r??ﬂr @gge{cﬁ{aﬁ?éé? ﬁgﬁf}ﬁ%ssa

However, if the concentration of the first gas

concentr atj h ol [ 4.10 depositi cecurs. [0024]
The. pol ymerSi ot e s B0 885 of BR8P Boti T pupting SRER svef e o™~
trench.250 .forped. by the CDO renpval process. The pol yner deposition
procesd cSWPng?SstP%]UQPﬁﬁamH’SﬂP conft gaspeole@ue sgreaigrithan the ralicehd gas.

I n one enbodi ment of the: invention the. second gas is. C4F8. 15 [0025] In
one enbodfF#EAR aemsita duprinesemsin thefasheasaerieane lnfoncantbodimatt ofithei n t he -
second gas. used to formthe plasma in the pol yner deposition process is
great er t namntidn if the coeettagmnoff thafitsd gasinahsreadtot Rerédtérshads used to form
the plasma in the CDO renoval process. Thus in one enbodi ment of the

i nvent i onconicéntfaion of thd SRESRILIE SR thdYehdt6r theREDRY rehRval S G qJIéW?Jer,ggﬂm%Si tion
a

process CF4 is introduced in the reactor during the CDO renov

r OCess. ' i i 4t . o) . r gasses such as argon
ey al o (omeaRiaol P sk 1k ol BBy M A TR el o,
t he Qéglggﬁpﬂhgﬁoasggnd gas to argon is 10-20 parts of the second gas to

100- S of "argon. In one enbodinent of the invention, the ratio of

t he seco to argon,is 1.10. In gne enbodi nent of the
r}ﬂogﬂsl'he po?yngler deOSl%lOl‘l 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 sécond 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




10PPEAMRTPCT 16/°11/-2005 i'nventi on, during:the pokyner deposi tion process;

no. oxygen is used in the reactor. By not ‘usi ng oxygen in the reaEBerlt}‘?OOS
depl etion of carbon fromthe trench 250 is mninmzed. [00271 In one

enbodi ment of the invention, the plasma that is fornmed with the second gas
I's struck at RF power of about 500-1000 Watts for a 12-inch wafer. Thus, as
conpar ed Sugttions faringiie pelymesdepositieguotess npowggersis usdl inlthe feacipok.aByaot s
struck in the polymer deposition process is relatively |ow. The | ow power

at which tustngeggtmin the rapei diedtpldRaraas®sn e the ReRGPHY dMBRAImEEESS
sputtering) resulting in a nore isotropic deposition. Any comercially

vi abl e frqa@@ﬂCIMon@eﬁboéﬂr%nﬁgf ane%ﬁorlt\ﬂfﬁe pl?é %ﬁ@]"é%lfrﬁ&f'ﬁﬁﬂ S%COH%gaS ey

be used to generate the plasma. Due power
depositio ess..and a l.a of po 255 is
dep05|tedq%%9tgg %“k§Pf§x%§nggﬁbﬁgft% mfhgﬁﬁﬁPW’ ﬁ&?&é@CBF%?ﬁﬁnch

250. Thpe po at i s deposited conprises. fluorinated hydrocarbons and
hydr ocr ba’ﬂ (?r%ﬂ al piocesdhe powerdt whickhe plssmais stiugk 28 theinelomer :

enbodi mant of the i nvention, in order to increase the -thickness of the
| ayer of dppsisitiagpro®ss ishelativielsidewofThe drvbpewirmat whéchpthe senatomis/ofeeatedicr eased.
Thus, the 15- - - coneentration of the second gas nmay be increased, or a

gas havi ndeaeaved the idrebombardmeR((1d5s gﬁtﬂfenhgjﬂemlﬁﬁgﬁﬁdﬂ%b Rb@FC dé}%sﬁidﬁo“ ne
atons may. beused. Thus, by controll |ng ~the - - . the first cycle the

trench 25ﬁn§a@umﬂﬁr@algphmste&‘réqhé}t W, 48 58 hﬁﬂ??*]hﬁﬁfzxnhérﬁvaQé 1encith €€ X

< X - After the first cycle, the of thevm etren
TR T
oL 2 rSf%é%%pgé%ﬂpéc e S L B S
The T eactbl FOTHAG REoB Srithg @HEnsh st belpport ohisgkponed cauprses |
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




copat3eRCTM-t'h 't he CDO renoval process. "Thus;: after the pol ynmer depositton:: -
process of 1:-1 P14431PCT.,: 16/ 11/2005+[.0029} -In order to etch a 16?’1@@/?@05
the CDO dielectric |ayer 225, each cycle conprising the CDO renova

process and the pol yner deposition process may be repeated multiple timnes
until the desired trench depth is achieved. In one enbodi ment of the

i nvent i on, [00#9]d@rargy to et 4 teanch iy e DO il QDD gerdds, ephayekopipeisRg thde

CDO dielectric layer 225 to the desired 5 trench depth, the pol yner

deposi t i orCPOcemssalpaycenoindibe pelyher desbsitllaMBYREs Iﬂa? b@@ﬁ;eaﬁm&@@ Qf the
invention, during the last cycle the polynmer deposiiion process y be

per f of Med sl ARSKKRAH SRR dBARLE ANyl Bﬁ&zﬁé’od?&eﬁh?érgggﬁ%@oé;@ e

trench followi ng the subseguent wet clean process.

illustrat roce used tch a.trench in a .
di el ectri gﬁe %6@%@2@ eg%ﬁg?esrg{’ﬁ’aiggod;ﬁﬁ%&eﬁ% g’égéﬁﬁlﬁ?wwef g2 dtrethe desitadnent
of thesi n ‘entiin. In the rocess illustrated in Figure 3, the desired
trench deé‘lﬂﬂd] ep%é@}@‘gy% dspositien prygessapay avt bepeoloaned. 2Hawevers inensecond
cycle. The second cycle is to etch a second portion of the trench. In
parti cul aﬁr}lbﬁﬁ@%@%ﬁa inyigstien, iduging thedsstichdle tiecpdpmeierpositiyn prbcesssHghbd hat
the desired depth x = x, + x2 , while substantially naintalning the CD of
the wi dt hpafortied td Bostireerobs seBlirial gmﬁ@mi@ﬂth@ﬁﬂé«ﬁﬂ]%ﬁﬁ@&éf@ffoﬂwng%g@“d
cycle, the polynmer that was deposited on the bottom of the trench 25

during thaibpjugaBwetdpROPrédcef) process of the first cycle is renoved. The
pol ymer deposited on the side walls of the trench '"during the polyner
e trench

deposi ti Ll rotects the sidewal | s. of t

258 1 rom DS BERS: Sl b sHop S ¥ B P B e Ao S B eprbincdishiiriy o o
In ong e ipent .of the invention, after the desired trench depth is
reac ﬁgd , 'T%ﬂeg Ogg ﬁ’% R Hﬂ%‘it?frdea K5i3ee0rong 1o one gpedimeptofghqinventiemninthe pr ocess
described with, reseg{g to Figure 4. In one enbodinent of the invention,

the trendfessspillvsiatedinkigpreecd, therdesived frenaprisptivie pershed afterpho€BErenfaval owi ng

t he CDO renoval 5process in order to maintain a uniformtrench cross section
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.

12




af PeM3tIHE wet” cl ean-process. 12 P114431 PCT-lG/ﬂi%QOOé' 00311 Figure:4”*:

illustrates a sem conductor device after the renoval of the photoig?ils]}]/zoosﬁ
t or the

| ayer and the polymer fromthe trench according to one enbodi nen

invention. As illustrated in Figure 4, after etching the trench 250 to the
desired depth. the sem conductor device 220 is subjected to conventiona
post etch &len@g&ﬁﬂﬂu}ﬁ“@qﬁ%aﬁm@%@% dgviselafterthe Seraogl of thefphutorésike i on
cont ai ni ng sol vent such as N nmethyl 2 pyrrolidone (NWP) to renove the

pol ymer f rleyartahé tha miphersfioorh alostrerehdct@dingi® e EMBodiRRhOsAES Biveh@Ier A2 30.
After the wet cleaning process, the CD of the width of trench is

b H vl . . . i
subst ant i dlthytrawichanges 4, :if@@%’?e}un-gpﬂié treﬁch@ﬁohegh{ﬁe;slrrg@géd}nﬂ) RE LQ?H%?%(ISL@EOI'

controlling the etch bias of CDOfilns. Wil S been rated
and descri .considered to be.10 anpl e .enbodj nent s of
t he preseﬁ?ggﬁégg%vghﬁcl?%ﬁfg%kég&%%§é§§%:5ﬁhﬁ§aPﬂ@?@géﬁgﬁggﬁngﬁsokﬁ%tart
that varioqus ofher. nodifications ma e made, and equi val ents may be

Subst 13 ut S BRREIBIRS tratERie g veRoed e melby S e idons AT se rmas
Additional ly, many nodifications mnay be nmade to adapt a particul ar

si t uat i onthegrolyrer fe thafgenchsurfane, prdivgamore therphotmesist i4yeu2 3@ epfiet thag fr om
the central inventive concept described herein:. Therefore, it, is 15

i nt ended Wwobtleatiag progssythe G efithi ovidthatf teach {snsubsantidiytudehaged.i cul ar
enbodi nents di sclosed, ,. but that the invention include all enbodi nents

falling WOOB2NThiXS 2 SCORR] 18k beldiBOIBSIINBE SRRy thi 3tch b@asgof?gelgd@g%n 4 Vhat is

claimed is: 1. A nmethod conprising: perform ng a carbon e (CDO

rf,joval PUVHE $ore AR bl sk aR 48l dBEBES Svhat are presently considered to be

10 example embodiments of the present invention, it will be understood by those skilled in
the art that various other modifications may be made, and equivalents may be substituted,
without departing from the true scope of the invention. Additionally, many modifications. .
may be made to adapt a. 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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. conprising introducing a first gas to forma-trench in a CQO | ayer; .
pem‘)or m ng a pol ymer deposition process, said pol yner deposi ti onjpso‘@@gsm%
conprising introducing a second gas to deposit a polymer in the trench of
the COO | ayer. 2. The nethod of claim1 erein the first gas conprises a
first nolecule having a first ratio of carbon atons to fluorine atons, and
t he secoMMhafds otaimediises a second nol ecule having a second. ratio of
carbon atonms to fluorine atonms, such that the second ratio of carbon atons
to fluorilne & wethddscqmerdgieg: t han the first ratio of carbon atons to
fluorine atons. 3. The nethod of claim| wherein the first gas has a higher
per cent agerfotminguaicarion demedsoxitar{CDO¢ removaidpgasss, said 0O OTaehodabfrogkss m
1, wher ecamphgingi intodyeingisfittgasdndotnne tsawdnid 9890 RyedRAd 5. The net hod
of claim1, wherein the COO renoval process and the polymer deposition
process &edopeingor pelymien depoeiionqirocdss, Fail pelymed debosikiah r&cesty o pri st e
r eact or Uﬁmsgi%ywsa aagohgasto depsihetpotymeErinahe dcentbadtthy € Dhaykt.chi ng
(MERLE) reactor, and a conventional reactive ion etching reactor. 7. The
net hod of- cl Ahenmethp oéichrimht whierein thedirsogas camptiassra faist motedieohaving a
frequenc$ir F(F%ioﬁli\ﬂ@tfb@ﬂ abynsvée Alu0 006 atotals, 400D thaas ¢conidogasacd@prisesha waé@rd 8.
The net hBglesule havingl anprgosidnratioplofsaebdns adamsidk Hoorne atems,f such lieatCHR
renoval §REOEEIatiordtcarbompatames tor Hegrinenatoponisrgrantestthei thehérgilraomf icarksdr uck
for the ateBsyteefiueiisoaiomson process. 9. The method of claim8 wherein the
plasma formed during the polymer deposition process does not contain
oxygen. 0. Tiemethabal efaiml tivieeinites sirst gaschas asighespertentage atf fuaraai o
f r equencdtoMRNan doguspceid Bes-ween 500 and 1000 Watts for a 12 inch wafer.
11. The nmethod of claim | wherein the polynmer conprises at |east one of
f1 uori ndt-ed Hegmetwdooinelaiind, mpareie dhriinet. 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;




"12,; The methad of claim1 wherein the COO removal process is1afil®Y rdifbc. -
- 13. The nethod of claim | wherei'n the pol yner deposition process is g
"isotropic. 14. A nmethod for forming a trench in a carbon doped oxi de (CDO
dielectric layer conprising: formng algyi ndow i n a photoresist |ayer, said
phot oresi st | ayer deposited on top of a™COO | ayer; 1-6- ND 2f5 15
perform ng a carbon doped oxide (CDO renoval process, said CDO renoval
process pedopningi mgarbun deheei ogdé (CDOJtreddval Prodeb£ELIOTCO® réMbIAIGHESLCH
in the Cbampeyiayg;introducipgraf rstigag i apebytseto deMPaitidRA iIRTRE EDD Iayai;dand
pol ymer deposition process conprising introducing a second gas in the
react or perfdepiagid palymelr \ieposition tphecdsseaalll §dlymbe d6p¥itibmyRicestomdiriRidde
first gamicdwpingseseaodd yas imtheemuktritovigp@sit 4 poiyef a tie BbnsREPEHE CRICONS
to fluorlayer.avbem;n dhel firsiegsecongriges aclorspraciesula BaoRnd el sl ef kawidig a
second ratoims 6f floariberatamerand dhé lseosidigagtcomprisesiGNsédvatl hblRceRCPAENG &l i 0
of carbosecoadomatiot of ¢drbon iatemattofiiorine grtemisesutinamitthe seicosd ratad oo cafbon
car bon agtoms to flucnioei ate msatsogmatdiSthabhehardirbodated of lcartonl 4tothetei fludrine
first gastomss a greater percentage of fluorine atons per nolecule than the
second gas. 16. The method of claim 14 wherein the second gas has a greater
per cent an;iﬁa of The ané¢tbnd anfoomimetd mileesiul thet fiast yhe Hasr stgrgaier pefcentage nagt hod
of cl ai niluginghatogisnpemmoleicnistthgndhé secmndagps.asma in the reactor. 18. The
met hod of claim 17 wherein the plasma is forned in any one of a Magnetic
Enhanced 6Reacthev eetivod Bf chiimg14 MBRr&) theasdomndaged hag angreatdropsatentagstdfve
ion et cErbe ptwas per moEcuhthandhbddsbgasl ai m 17 wherein the plasma is
struck at a radio frequency (RF) power of between 1000 and 4000 Watts for
a 12 i ndd-waflde 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;
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20. The:nethod of clai m 14 wher ei

T 51 ein the second gas forns a pl asrfagifQyheggs
reactor. 21. The nmethod of claim.20:wherein the plasm does not contain
oxygen. 22. The nethod of claim 20 wherein the plasna is struck at a radio
frequency (RF) power of between 500 and,1000 Watts for a 12 inch wafer.
23. The nethod of claim 14 wherein the polyner conprises at |east one of
fluori nated hydrocarbons and hydrocarbons. 24. The nethod of claim 14

wher ei n téicGRChectancahtrption ef shd firdngasdhribpireactomndThe nmet hod of claim 14
wherein the polynmer deposition process is-isotropic. 26. A nethod for
fornm ng peéannieg a polamsedieposition poocedsy isaid pulpper dépasitionpmdeds Rgmadrising
subst r at trodépongi a isagemd gas bothedmpetbrari dbpo§ERDolymgein the trhects ubtie aDE;
deposi t i lkyen geidotysmrgtepoaifion rrbosss ddree @@el ehsence opakyganni ng sai d

phot oresi st |ayer; perform ng a carbon doped oxide (CDO renoval process,
sai d CD&*.emoV ¢_"mfg@<bgfscladmr2}6rwl$émg1 thet ficsd wais rog mep rifsie s st figasndlecide thagingor
to form& fitsbdetioi ¢f caoaDaomsy b flubri@eNaMNE)0&nd 1e rsedomd rg@st bemprises a
concent rERtiodA melechle haviey agseroind nabie ofecarbon ;atamsl tpdhuboingi atgma, potly et
deposi titha grcondsratiosedi earpon yatems deplbisd ririeoatomso e gseatemtivansthegfirst natiodafci ng
a secondajhen pipnaheo fleadaeetaws.deposit a polynmer in the trench of the CDO

| ayer, said polynmer deposition process done in the absence of oxygen. 27.
The net F&d of The giethaboivataimi 36 wherdin rasplagae isostprdksatsa aaflior Sequericgc(RRY
havi ng Powerraftbatyweps 1600 candbé®dbilaits fas F IfAdncmevadeoderinmbie CO semavel gas
conpri sé#d9&SSsecond nol ecul e having a second ratio of carbon atons to
fluorine atons, such that the second ratio of carbon atons to fluorine

at ons | 29r eathér metad phelaim 2f whatgia the sesangasahasms greafer yercerdage ais.
28. The CAEtHOROBTS Reranplespleihap dhe fissip§assma i s struck at a radio frequency
(RF)

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.




pOW3B¥CTbet ween 1000 ‘and 4000 Watts for a 12 inch wafer during the ‘CDO

removal process. 29. The method of clai m 26 wherein the second g;_ag/t]_qS/ggo5
greater percentage of carbon atons per nol ecul e than the first gas. .

The nmet hod of claim 26 wherein the plasma is struck at a radio frequency
(RF) power of between 500 and 1000 Watts for a 12 |nch waf er during the
pol ymer deposition process.ABS ARSERANTTHE HSEIIMSIRESURE A net hod for
controlling etch bias of carbon doped oxide filns conprising performng the
etch in a Ayetlicd forneomtodimgrtdrbias of cazbon dopedoaile filmp edmpxikidg peERMing eV al
process, said CDO removal process conprises a first gas to etch a trench

in the CD@haMe@rcycHdevdR fn@ﬁ@éé&le RrcafRdnlopsd baké AVBA) RndvaPBoXBR! said
deposi tion process. The pol yner dep03|t|on process conprises introducing a

d
Tayer. e Fi‘?@gl ﬁ’%%%{)r .‘“@é@gié’ g Qe é% & CROMRI, °rat ED g

car bon. at o uor| d th second ses a second
mol ecul e ﬁ%{{}?v p](;gcesss& c?%(gy“élﬁrr%ﬁﬁmﬂf’%ﬁﬁ) cl%ﬁ kyﬁ'éeré]FB?l%“ms uch

that the second ratjo of carbon atons to quorlne atons is greater than the
first ratPECET COHPHSE Btraducinga secgpd gacindhoresctortoedepaiibe polymse ésthemay be

‘repeated to etch the final structure.

trench of the CDO- Iayer The first gas comprises a first molecule having & first ratio of
carbon ators to fluorine atoms, and the second gas comprises a second molecule having a
x) second ratio of carbon atoms to ﬂuerine atoms, such that the second ratio of carbon atoms
10 to fluorine atoms is greater than the first ratio of carbon atoms to fluorine atoms. The

above process may be repeated to etch the final structure.




